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PREFACE 

This  r e p o r t  covers  t h e  a c t i v i t i e s  of t h e  NASA A p p l i c a t i o n  
Tcam Program a t  t h e  Research T r i a n g l e  I n s t i t u t e  between October 1, 
1379, and March 31,  1971. The a c t i v i t i e s  were  performed i n  accom- 
p l i s h i n g  Tasks A through F ,  S ta tement  of Work, NASA Cont rac t  No. 
LlASW-1950. Accomplishment of  Task G ,  Supplementary E f f o r t s ,  i s  
r e p o r t e d  s e p a r a t e l y .  Th i s  work was performed i n  t h e  Engineer ing  and 
Environmental  Sc iences  D i v i s i o n  of t h e  Research T r i a n g l e  I n s t i t u t e  
under t h e  t e c h n i c a l  d i r e c t i o n  of D r .  J .  N .  Brown, Pfanager, Systems 
Engineer ing  Department,  and D r .  F. T .  Wooten, D i r e c t o r ,  A p p l i c a t i o n  
!'earn. Fu l l - t ime  members of t h e  Team and o t h e r  RTI s t a f f  members who 
p a r t i c i p a t e d  i n  t h e  p r o j e c t  a r e  M r .  E r n e s t  H a r r i s o n ,  J r . ,  M r .  E. W, 
Page, and Mrs. Mary Carpen te r .  A s s i s t a n c e  from o t h e r  members of t h e  
RSL staff was o b t a i n e d  a s  needed. 

Medical  c o n s u l t a n t s  who c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  
project a r e  D r .  E .  A .  Johnson,  Duke U n i v e r s i t y  Medical  C e n t e r ,  Durham, 
North C a r o l i n a ;  D r .  G .  S.  Malindzak,  J r . ,  Bowman Gray School  of Medi- 
cine, Wake F o r e s t  U n i v e r s i t y ,  Winston-Salem, i\Torth C a r o l i n a ;  M r ,  
William Z. Penland,  N a t i o n a l  Cancer I n s t i t u t e ,  Bethesda,  Maryland; 
P r o f e s s o r  Hal  Becker ,  Tulane U n i v e r s i t y  School of Medicine,  New O r l e a n s ,  
t , o u i s i a n a ;  and M r .  Myron Youdin, I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine,  
Eew York, New York. 





This report presents the results of the activities of the 
NASA Application Team Program at the Research Triangle Institute. 
This experimental program in technology application was supported by 
NASA Contract No. NASW-1950 for the reporting period October 1, 1970, 
to March 31, 1971. The RTI Team is a multidisciplinary team of scien- 
tists 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., 
Electrical Engineer; Dr. F. T. Wooten, Electrical Engineer; Mr. Ernest 
Garrison, Materials Scientist; Mr. E. W. Page, Electrical Engineer; 
and Mrs , Mary Carpenter, 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 R T I  Application Team Program: Bowman Gray School of Medicine, Wake 
Forest University, Winston-Salem, North Carolina; Duke University Medi- 
cal Center, Durham, North Carolina; Emory University School of Medicine, 
A~ianta, Georgia; Institute of Rehabilitation Medicine, New York Univer- 
sity, Hew York, New York; Medical University of South Carolina, Charles- 
ton, South Carolina; National Cancer Institute, Bethesda, Maryland; 
Bational Heart and Lung Institute, Bethesda, Maryland; National Institgre of 
Envirunmental Wealth 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 accomplPshments of the Research Triangle Institute 
Application Team during the reporting period are as follows: The Team 
has identified 52 new problems for investigation, has accomplished 4 
technology applications and 13 potential technology applications, has 
closed 49 old problems, has reactivated 2 old problems, and on March 31, 
1971, had a total of 86 problems under active investigation. 
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1-0 INTRODUCTION 

1 1 I n t r o d u c t o r y  Corneats  

The N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n  (NASA) h a s  
been a l e a d e r  and i n n o v a t o r  i n  t h e  e s t a b l i s h m e n t ,  s t u d y ,  and assessment  
of technology t r a n s f e r  programs s i n c e  t h a t  agency was e s t a b l i s h e d  by 
t h e  Space Act of 1958. Through i t s  Tech B r i e f ,  S p e c i a l  P u b l i c a t i o n ,  
Technology Survey,  and Regional  Dissemina t ion  Cente r  programs, NASA 
has been s u c c e s s f u l  i n  t r a n s f e r r i n g  t h e  r e s u l t s  of a e r o s p a c e  R 6 D 
to a n  i m p r e s s i v e  number of nonaerospace a p p l i c a t i o n s .  

Yore r e c e n t l y  NASA h a s  e s t a b l i s h e d  a  program which u s e s  a n  a c t i v e  
and d i r e c t e d  methodology. I n  t h i s  program, A p p l i c a t i o n  Teams have been 
e s t a b l i s h e d  under c o n t r a c t  t o  t h e  NASA Technology U t i l i z a t i o n  O f f i c e .  
The A p p l i c a t i o n  Team methodology is  a c t i v e  i n  t h a t  s p e c i f i c  problems 
are i d e n t i f i e d  and s p e c i f i e d  through d i r e c t  c o n t a c t  w i t h  p o t e n t i a l  u s e r s  
of aerospace  t echnology ,  The p r o c e s s  is  d i r e c t e d  i n  t h a t  teams i n t e r a c t  
oriy w i t h  p o t e n t i a l  u s e r s  who a r e  i n v o l v e d  i n  r e a c h i n g  s e l e c t e d  n a t i o n a l  
g c a l s ,  Three  teams c o n c e n t r a t e  i n  t h e  b iomedica l  a r e a  w h i l e  o t h e r s  work 
i n  such f i e l d s  a s  a i r  p o l l u t i o n  c o n t r o l ,  w a t e r  p o l l u t i o n  c o n t r o l ,  t r a n s -  
p c r t a t i o n ,  mine s a f e t y ,  and cr ime and law enforcement .  The t h r e e  teams 
s p e c i a l i z i n g  i n  b iomedic ine  have been  e s t a b l i s h e d  a t  t h e  f o l l o w i n g  
i - i s t ~ t l t i o n s :  

Research T r i a n g l e  I n s t i t u t e  
P o s t  O f  £ i c e  Box 12194 
Research T r i a n g l e  P a r k ,  North C a r o l i n a  27709 

Midwest Research I n s t i t u t e  
425 Volker Boulevard 
Kansas C i t y ,  Missour i  64110 

Southwest Research I n s t i t u t e  
8500 Culebra  Road 
San Antonio ,  Texas 78228 

In a d d i t i o n ,  a  new Team which w i l l  s p e c i a l i z e  i n  t h e  a r e a  of ca rd iovas -  
c u l a r  rnedicine i s  b e i n g  e s t a b l i s l l e d  a t  t h e  S t a n f o r d  U n i v e r s i t y  School of 
Medicine,  

Th is  r e p o r t  covers  t h e  accomplishments and a c t i v i t i e s  o f  t h e  Team 
located a t  t h e  Research T r i a n g l e  I n s t i t u t e  f o r  t h e  p e r i o d  October  1, 1970,  
ro March 31,  1971. I n  t h e  remainder  of S e c t i o n  l,O,Team o b j e c t i v e s  and 
rne thodology a r e  p r e s e n t e d .  



1,2 A p p l i c a t i o n  Team Program 

The s p e c i f i c  o b j e c t i v e s  of NASA's A p p l i c a t i o n  Team Program 
?a biomedicine  a r e  a s  f o l l o w s :  

( a )  The t r a n s f e r  of a  maximum number of s p e c i f i c  
i tems of ae rospace  technology t o  medicine  i n  
o r d e r  t o  p a r t i a l l y  o r  f u l l y  s o l v e  problems 
i n  b i o l o g y  and medicine;  

(b )  The t r a n s f e r  of ae rospace  technology t o  medi- 
c i n e  i n  o r d e r  t o  enhance t h e  unders tand ing  of 
a c t i v e  p r o c e s s e s  of technology t r a n s f e r ;  and 

(c) The m o t i v a t i o n  of p o t e n t i a l  a d o p t e r s  of aero- 
s p a c e  technology i n  medic ine ,  o r g a n i z a t i o n s  
invo lved  i n  g e n e r a t i n g  advanced technology,  and 
i n d i v i d u a l s  who can i n f l u e n c e  technology t r a n s -  
f e r  programs t o  become a c t i v e l y  invo lved  i n  
more comprehensive technology u t i l i z a t i o n  pro- 
grams. 

-4. summary r e p r e s e n t a t i o n  of t h e  A p p l i c a t i o n  Team Program can b e  
facilitated by r e f e r r i n g  t o  F i g u r e  1 ,  B a s i c a l l y ,  t h e  Team r e p r e s e n t s  
a n  i n t e r f a c e  between medica l  i n v e s t i g a t o r s  and c l i n i c i a n s  and t h e  body 
o i  s c i e n t i f i c  and t e c h n o l o g i c a l  knowledge t h a t  has  r e s u l t e d  from t h e  
r i a t  Canal. aerospace  R & D e f f o r t .  

F igure  1. P o s s i b l e  Mechanisms f o r  T r a n s f e r  of Technology 

TFLe Team a t t e m p t s  t o  couple  t h e  t e c h n o l o g i c a l  problems and requirements  
i n  medicine w i t h  r e l e v a n t  ae rospace  technology and ,  i n  p a r t i c u l a r ,  NASA- 
generated technology.  The problems and requirements  a r e  t h o s e  be ing  
erkcountered i n  medical  r e s e a r c h  programs a t t e m p t i n g  t o  improve g e n e r a l  
medical p r a c t i c e ,  The Team a c t i v e l y  engages i n  i d e n t i f y i n g  t h e s e  prob- 
lems through d i r e c t  c o n t a c t  w i t h  medical  s t a f f s  o r  problem o r i g i n a t o r s .  
T5e i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  of medical  problems i s  fol lowed b y  
a searcla f o r  technology which may b e  r e l e v a n t  t o  s o l u t i o n s  t o  t h e s e  
3rc)h 1 ems . 

2 



G e n e r a l l y ,  tecllnology r e l e v a n t  t o  s p e c i f i c  problems i s  i d e n t i f i e d  
ri,rough two approaches :  ( I )  manual and computer s e a r c h i n g  of t h e  aero- 
s~mc-e  i n f o r m a t i o n  bank c r e a t e d  by NASA as p a r t  of i t s  R & D e f f o r t ,  
and (2) d i r e c t  c o n t a c t  w i t h  t h e  e n g i n e e r i n g  and s c i e n t i f i c  s t a f f  a t  
NASA F i e l d  C e n t e r s ,  Technology r e p r e s e n t i n g  p o t e n t i a l  s o l u t i o n s  t o  
p r o ~ i e m s  i s  channeled through t h e  Team t o  t h e  problem o r i g i n a t o r  f o r  
e v a l u a t i o n  and implementat ion a s  a s o l u t i o n  t o  h i s  problem, A l t e r n a t i v e l y ,  

l e s s  f r e q u e n t l y ,  t h e  Team e s t a b l i s h e s  a  c o n t a c t  between t h e  problem 
o r i g i n a t o r  and NASA F i e l d  Cen te r  p e r s o n n e l ,  and t h e  t r a n s f e r  o f  informa- 
Lio17 between NASA and t h e  medica l  f i e l d  becomes more d i r e c ~ .  

A s s i s t a n c e  t o  t h e  problem o r i g i n a t o r  i n  implementing s o l u t i o n s  t o  
-,iroisl.ems i s  an  i m p o r t a n t  p a r t  of t h e  A p p l i c a t i o n  Team program. T h i s  
a s s i s t a n c e  may t a k e  any one of a  number of d i f f e r e n t  forms.  D i r e c t  
d s s x s t a n c e  t o  t h e  problem o r i g i n a t o r  i n  h i s  e f f o r r s  t o  implement a  s o l u -  
s ~ o n  i s  f r e q u e n t l y  i n v o l v e d ,  During t h i s  r e p o r r i n g  p e r i o d ,  NASA's 
*P ~ z c h n o l o g y  U t i l i z a t i o n  D i v i s i o n  h a s  u t i l i z e d  a  r e e n g i n e e r i n g  o r  a d a p t i v e  
z n g ~ r s e e r i n g  program i n  t h e  School  of Engineer ing  and Appl ied S c i e n c e  o f  
f i le  U n i v e r s i t y  of V i r g i n i a  which i s  a s s i s t i n g  i n  t h i s  program by a d a p t i n g  
NASA technology  t o  t h e  needs of a  l i m i t e d  number of problem o r i g i n a t o r s ,  
rhis p r o c e s s  o f  a d a p t i v e  e n g i n e e r i n g  is  d i r e c t e d  by D r .  M, 2, McCartney 
3f the D i v i s i o n  of Biomedical  Engineer ing .  The Teams a r e  r e s p o n s i b l e  
for i d e n t i f y i n g  t h e  NASA technology which i s  p o t e n t i a l l y  a  s o l u t i o n  t o  
a s p e c i f i c  problem and f o r  s p e c i f y i n g  t h e  changes r e q u i r e d  i n  t h i s  
technology.  T h i s  a l l o w s  t h e  Teams t o  demons t ra te  t h a t  t h e  technology 
i s  In f a c t  a so1.ution t o  t h e  problem and a l l o w s  t h e  problem o r i g i n a t o r  
rw make u s e  of t h e  NASA technology i n  h i s  work which might o t h e r w i s e  
b e  i m p o s s i b l e ,  

The s u c c e s s f u l  t r a n s f e r  of i n f o r m a t i o n  on a e r o s p a c e  technology t o  
an i n d i v i d u a l  o r  group i n  t h e  medica l  f i e l d  fo l lowed  .by s u c c e s s f u l  imple- 
m e n t a t i o n  o f  t h e  technology w i t h  r e s u l t i n g  b e n e f i t s  t o  t h e  accomplishment 
of some m e d i c a l  ob j e c r i v e  i s  c a l l e d  a  " technology a p p l i c a t i o n .  " Also 
i n c l u d e d  i n  t h e  d e f i n i t i o n  o f  technol.ogy a p p l i c a t i o n  i s  t h e  c o n s t r a i n t  
rhae t h e  medica l  a p p l i - c a t i o n  and o b j e c , t i v e  invo lved  i n  t h e  t echnology  
a p p l i c a t i o n  b e  d i f f e r e n t :  from t h e  a e r o s p a c e  a p p l i c a t i o n  and o b j e c t i v e  
f OL which t h e  technology was o r i g i n a l l y  deve loped ,  Thus, t h e  accomplish- 
iceria, of technology a p p l i c a t i o n s  i s  indeed  a  d i f f i c u l t  and long--term 
cb j ~ c t i v e ,  T h i s  o b j e c t i v e  s h o u l d  be  d i s t i n g u i s h e d  from t h a t  i n v o l v e d  
in a program t o  enhance t h e  d i f f u s i o n  o r  b r o a d  u t i l i z a t i o n  o f  d e n o n s t r a t e d  
a p p l i c a t i o n s  oE t echno logy ,  Technology t r a n s f e r  i n v o l v e s  c r o s s i n g  what 
" i,d.t - %  be th01~g11t of as a n  " a p p l i c a t i o n  o r  o b j e c t i v e  b a r r i e r , "  and i t  
Lnvolves conrplete e v a l u a t i o n  of t h e  new a p p l i c a t i o n ;  d i f f u s i o n  i n v o l v e s  
aei t h e r  of t h e s e  r e q u i r e m e n t s .  

A s p e c i f i c  methodology i s  a p p l i e d  by t h e  Team i n  i t s  e f f o r t s  t o  
c f  f u c t  a p p l i c a t i o n s  o f  a e r o s p a c e  r e l a t e d  t echnology ,  T h i s  methodology 
is discussed i n  t h e  f o l l o w i n g  s e c t i o n ,  

1-3 Methodology 

The methodology used by t h e  Team c o n s i s t s  of f o u r  b a s i c  s t e p s :  
piobPmt d e f i n i t i o n ,  i d e n t i f i c a t i o n  of r e l e v a l i t  t echno logy ,  e v a l u a t i o n  of 
relevant t echno logy ,  and docurnentation.  Th is  methodology can b e  b e t t e r  



unders tood,  however, i f  i t  i s  s e p a r a t e d  i n t o  t h e  s t e p s  shown i n  F igure  2. 
Taese s t e p s  a r e  d e s c r i b e d  i n  t h e  fo l lowing  paragraphs .  

DOCUMENTATIO 

STATEMENT - - -  - FIELD CENTER 

EVALUATION OF 
SEARCH RESULTS AND 
PROBLEM STATEMENT DOCUMENTATION 

1 RESPONSES I 

EVALUATION 
OF POTENTIAL 

APPLICATIONS OF DOCUMENTATION 

I TECHNOLOGY I 

1 IMPLEMENTATION / I 

Figure  2 .  Flow Char t  of A p p l i c a t i o n  Team T r a n s f e r  Methodology 

ProbZem Screening - E f f e c t i v e  problem s c r e e n i n g  is  a t  l e a s t  a s  
important t o  t h e  s u c c e s s  of t h e  A p p l i c a t i o n  Team Program a s  any of t h e  
o p e r a t i o n a l  s t e p s  i d e n t i f i e d  i n  F i g u r e  2. Analys i s  of t h e  RTI Team's 
accoclplishments i n  t h e  e a r l y  days of t h e  program i n d i c a t e s  c l e a r l y  t h a t  
a very s i g n i f i c a n t  f r a c t i o n  of t h e  problems which were  i n v e s t i g a t e d  
u n s u c c e s s f u l l y  could  have been r e j e c t e d  very  e a r l y  i n  d i s c u s s i o n s  w i t h  
problem o r i g i n a t o r s .  Problem s e l e c t i o n  c r i t e r i a  have s i n c e  been developed 
w i t h  the o b j e c t i v e  be ing  t o  i n c r e a s e  t h e  p r o b a b i l i t y  t h a t  a  technology 
a ; p l l e a t i o n  can b e  accomplished f o r  t h o s e  problems accep ted  by t h e  Team. 
A t  t h e  p r e s e n t  t h e  fo l lowing  c r i t e r i a  a r e  be ing  a p p l i e d :  



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

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

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

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

(e) The problem is one of a t  most two being investigated 
with an individual problem originator. (This is 
violated only in the case of mission-oriented group 
efforts . ) 

Problems which 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 
rechnical 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 
complete characterization of what is required to solve the problem, and 
4 2 )  the related medical problem or objective and the benefits to be 
realized by solving the problem. 

Ident i f icat ion of Relevant Aerospace Technology - Aerospace technol- 
ogy which 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 RRC used by the RTI Team 
1s the North Carolina Science and Technology Research Center (NCSTRC) 



located I n  Research Triangle Park, North Carolina. The information 
~11zzh can be assessed through the RDC" bank consists of approximately 
TP0,900 documents, articles, and translations which have been abstracted 
in t'?e Scientific and Technical Aerospace Reports (STAR) and the Inter- 
national Aerospace Abstracts (IAA). Second, the Team contacts individuals 
at t h e  Field Centers directly without circulating problem statements, 
Th-.; 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 which is 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 
rechmlogy and suggest possible solutions to problems. These statements 
are circulated in a highly selective manner with the distribution 3eing 
determined by the Team, Technology Utilization Officers (TUO) at the 
NASA Field Centers, and other individuals at the Field Centers. 

Ev~~Zuation - All potentially relevant technology identified in 
the ?receding step is evaluated by the Team to determine whether a 
~ o t a n t i a l  solution to a specific problem has been found. Those items of 
tachnology which represent potential solutions to problems are presented 
to problcrn originators along with available supporting data and informa- 
tian, Any required reengineering and details of implementing the poten- 
t1a l  sol~tions are discussed with the problem originator. 

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

39pZernentation, Final Evaluation, Adoption - The final step in the 
rt?ci-riology application process is the implementation and experimental 
e u ~ ~ l u a t i o n  of potential solutions. The Team is available for assistance 
2n this step when required. Hopefully, when a potential solution is 
sham to be a valid solution to a problem, this solution is adopted and 
inoiemented by the problem originator and the transfer is completed. 

Documentation - Documentation is an integral part of the Team 
metl.r~dolcigy; it is involved at most steps in the process, as indicated 
rn F i g u r e  2 ,  Documentation allows analysis of the technology application 
prccess and assessment of the program in general. At present, the Teams 
report on a weekly, monthly, and semiannual schedule, Effective communi- 
zation is required between Teams, potential problem originators, and 
otker inZividuals who are in a position to make use of information re- 
s - ~ l t i n g  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 
s e ~ . e n t i s t s ,  The educational backgrounds of the group are in physics and 
electrical engineering; their experience includes industrial, educational, 



and  r e s e a r c h  a t  b o t h  b a s i c  and a p p l i e d  l e v e l s .  The i n d i v i d u a l s  who 
h&ve p a r t i c i p a t e d  i n  t h e  A p p l i c a t i o n  Team Program d u r i n g  t h i s  r e p o r t i n g  
p e r i o d  a r e :  

flame Background Responsibility 

Dr, J *  I?* Brown, Jr .  L l e c t r i c a l  Engineer  Labora to ry  S u p e r v i s o r  
Dr, F, T. Wooten E l e c t r i c a l  Engineer  Team D i r e c t o r  
Mr. E,  H a r r i s o n ,  J r ,  E l a t e r i a l s  S c i e n t i s t  S o l u t i o n  S p e c i a l i s t  
Mr, E. W, Page E l e c t r i c a l  Engineer  S o l u t i o n  S p e c i a l i s t  
Mrs, Mary C a r p e n t e r  Research A s s i s t a n t  Documentation 

The e x p e r i e n c e  and s p e c i a l  c a p a b i l i t i e s  of o t h e r  i n d i v i d u a l s  a t  RTI-- 
p a r t i c u l a r l y  t h e  Engineer ing  and Environmental  S c i e n c e s  Divis ion--are  
f r e q u e n t l y  used a s  needed i n  t h e  A p p l i c a t i o n  Team Program. 

A t  p r e s e n t ,  f o u r t e e n  medica l  i n s t i t u t i o n s  a r e  p a r t i c i p a t i n g  i n  t h e  
i Y L l  ~ p p l i c a t i o n  Team Program. These institutions a r e  a s  f o l l o w s :  

Bowman Gray School  of Medicine ,  Wake F o r e s t  U n i v e r s i t y ,  
Winston-Salem, North C a r o l i n a ;  

Duke U n i v e r s i t y  Medical  C e n t e r ,  Durham, North C a r o l i n a ;  
( I n c l u d i n g  Vete rans '  A d m i n i s t r a t i o n  H o s p i t a l ,  Durham, North C a r o l i n a ) ;  

hnory U n i v e r s i t y  School  of Medicine,  A t l a n t a ,  Georgia ;  

I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine ,  New York U n i v e r s i t y ,  New York, 
New Pork ;  

Medical  U n i v e r s i t y  of South C a r o l i n a ,  C h a r l e s t o n ,  South C a r o l i n a ;  

N a t i o n a l  Cancer I n s t i t u t e ,  Be thesda ,  Maryland; 

N a t i o n a l  H e a r t  and Lung I n s t i t u t e ,  Be thesda ,  Maryland; 

N a t i o n a l  I n s t i t u t e  of Environmental  H e a l t h  S c i e n c e s ,  Research 
T r i a n g l e  P a r k ,  TJortli C a r o l i n a ;  

Ochsner C l i n i c  and Foundat ion,  New O r l e a n s ,  L o u i s i a n a ;  

Tulane U n i v e r s i t y  School  of Medicine,  New O r l e a n s ,  L o u i s i a n a ;  

S n i v e r s i t y  of M i a m i  School  of Medicine ,  Miami, F l o r i d a ;  
( I n c l u d i n g  V e t e r a n s '  A d m i n i s t r a t i o n  H o s p i t a l ,  Miami, F l o r i d a ) ;  

3 n i v e r s i t y  of North C a r o l i n a  D e n t a l  School  and D e n t a l  Research 
C e n t e r ,  Chapel H i l l ,  North C a r o l i n a ;  

U n i v e r s i t y  of North C a r o l i n a  School  of Medicine ,  Chapel H i l l ,  
North C a r o l i n a ;  

V i r g i n i a  Department of Voca t iona l  R e h a b i l i t a t i o n ,  F i s h e r s v i l l e ,  
V i r g i n i a .  

Figure 3 shows t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of t h e  RTI A p p l i c a t i o n  Team 
user i n s t i t u t i o n s  a s  w e l l  as t h e  l o c a t i o n  of t h e  major NASA r e s o u r c e s .  

7 





The RTI Team is  a s s i s t e d  a t  v a r i o u s  s t a g e s  of t h e  technology a p p l i -  
c a t i o n  p r o c e s s  by c o n s u l t a n t s  who a r e  on t h e  medical  s t a f f  a t  p a r t i c i p a t i n g  
i n s t i t u t i o n s .  These c o n s u l t a n t s  o r  communicators c o o r d i n a t e  Team a c t i v i -  
"cies a t  t h e i r  i n s t i t u t i o n s  and a s s i s t  Team members p r i m a r i l y  i n  problem 
d e f i n i t i o n  and e v a l u a t i o n  of p o t e n t i a l  s o l u t i o n s .  At p r e s e n t ,  t h e  fol low- 
i n g  i n d i v i d u a l s  a r e  c o n s u l t a n t s  t o  t h e  RTI Team: 

i'Jame S p e c i a l t y  

D r .  E. A. Johnson Card iac  Physiology 
Duke U n i v e r s i t y  Medical  Cen te r  

D r .  George S. Malindzak,  Jr .  Physiology 
Bowman Gray School  of Medicine ,  
Wake F o r e s t  U n i v e r s i t y  

P r o f e s s o r  Hal C .  Becker 
Tulane U n i v e r s i t y  School  of 
Medicine 

M r .  Wil l iam Z. Penland 
N a t i o n a l  Cancer I n s t i t u t e  

Radiology 

Engineer ing  

M r .  Myron Youdin Engineer ing  
I n s t i t u t e  of R e h a b i l i t a t i o n  
Medicine ,  New York U n i v e r s i t y  

In a d d i t i o n ,  D r .  T. C .  P i l k i n g t o n ,  Chairman, Biomedical  Engineer ing  
Department,  Duke U n i v e r s i t y ,  i s  a s s i s t i n g  t h e  RTI Team i n  i n v e s t i g a t i n g  
t h e  p o t e n t i a l  f o r  t r a n s f e r r i n g  NASA d i g i t a l  computer a p p l i c a t i o n s  pro- 
grams t o  a p p l i c a t i o n s  i n  medicine .  

I n d i v i d u a l s  a t  t h e  f o l l o w i n g  s e v e n  i n s t i t u t i o n s  have p a r t i c i p a t e d  
on c e r t a i n  s p e c i a l  problems : 

J e f f e r s o n  Medical  C o l l e g e ,  P h i l a d e l p h i a ,  Pennsy lvan ia ;  
Medical  Col lege  of V i r g i n i a ,  Richmond, V i r g i n i a ;  
N a t i o n a l  Communicable Diseases  C e n t e r ,  A t l a n t a ,  Georgia ;  
N a t i o n a l  I n s t i t u t e  of Mental  H e a l t h ,  Washington,  D .  C . ;  
North C a r o l i n a  Department of V o c a t i o n a l  R e h a b i l i t a t i o n ,  

Winston-Salem, Bortl i  C a r o l i n a ;  
North C a r o l i n a  S t a t e  U n i v e r s i t y ,  R a l e i g h ,  North C a r o l i n a ;  and 
U n i v e r s i t y  of M i s s i s s i p p i  Medical  School ,  Jackson ,  M i s s i s s i p p i .  

Problems a t  each i n s t i t u t i o n  a r e  coded by a  l e t t e r  and number symbol 
(e,g., DU-49) ,  and t h e  coding f o r  each i n s t i t u t i o n  o r  s p e c i a l  problem 
a r e a  is  a s  f o l l o w s  : 

BIi - Brookdale  H o s p i t a l  Cen te r  
CP - Computer so f tware - type  problem 
DU - Duke U n i v e r s i t y  Medical  Cen te r  
EU - Emory U n i v e r s i t y  School  of Medicine 
I R M  - I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine,  New York U n i v e r s i t y  



MCL - Medical College of Virginia 
MISC - Miscellaneous 
M U  - Pliedical University of South Carolina 
NCI - National Cancer Institute 
NCSIJ  - North Carolina State University 
XCiT. - North Carolina Department of Vocational Rehabilitation 
WE'liSC - National Environmental Health Sciences Center 
N H L l  - National Heart and Lung Institute 
92FTZ-1 - National Institute of Mental Health 
0 F - Ochsner Clinic and Foundation 
T e! - Tulane University School of Medicine 
UCdC - University of North Carolina School of Medicine 
UNGD - University of North Carolina Dental School and Denta: 

Research Center 
VMI - Veterans ' Administration Hospital - Miami 
W F - Bowman Gray School of Medicine, Wake Forest University 

1-5 Definition of Terms 

Ln the Application Team Program, a number of terms have evolved 
v, rch describe the elements and processes in this program. Because of 
c n r  , c  number and unfamiliarity to many readers, these terms are listed 
and ? e f + n e d  in this section for easy and quick reference. 

2robZem Originator or Researcher - An individual actively involved 
in 'In effort to reach a specific objective in biology or medicine and 
.ta=ccl wlch a specific technological problem which is impeding progress 
t~wartA Lhat objective. 

Pu12l;icipating In s t i t u t i on  - A medically oriented educational institu- 
t i w ~ ,  hospital, medical center, or government agency having as one of 
its organizational objectives the improvement of medical health care. 

Ci7~;suZtant - A member of the biomedical staff at a participating 
use- institution who has committed a portion of his time and effort to 
a s a s t  Lhe Team in identifying and coordinating visits with appropriate 
p r u S l e m  originators at his institution, in understanding and specifying 
problsrns in biology and medicine, and in evaluating technological solu- 
~ ~ 1 3 3 . s  to problems . 

Appiieation Tern (Team) - A multidisciplinary group of engineers 
a 3 3  scientists engaged in problem-solving activities in biology and 
medscbne with the specific objectives of effecting the transfer of aero- 
space technology to solve or aid in solving problems in medicine and 
of understanding and optimizing the methodology for effecting such trans- 
fers o f  technology, The methodology used by the Team involves (1) problem 
selection, definition, and specification; (2) identification of potential 
scZutiorls  to problems by manual and computer information searching, 
circulation of problem statements to NASA Field Centers, and contacts 
b q V . i t i - i  NASA engineers and scientists; (3) evaluation of potential solutions; 
(41 implementation and adoption by problem originators of aerospace tech- 
nology as solutions or partial solutions to medical problems; and (5) 
do c m e n  tat ion. 



P r ~ b l z m  - A s p e c i f i c  and de f inab le  ~ e c h n o l o g i c a l  requirement t h a t  
cannot  be  s a t i s f i e d  wi th  commercially a v a i l a b l e  equipment o r  through t h e  
a p p l i c a t i o n  of information o r  knowledge a v a i l a b l e  t o  t h e  problem or ig ina-  
car through r o u t i n e l y  used information channels.  

Technology Application - This  i s  t h e  implementation and adoption of 
an i t e m  proble~n i n  biology o r  medicine. The medical a p p l i c a t i o n  involved 
i s  one which i s  d i f f e r e n t  from t h a t  a p p l i c a t i o n  f o r  which t h e  aerospace 
technology was o r i g i n a l l y  developed. 

Problem Statement - This  i s  a conc i se ,  w r i t t e n  s ta tement  of a problem 
which is  used f o r  communicating ( I )  s u f f i c i e n t  d e t a i l s  t o  al low a com- 
p u r e r  search  t o  b e  performed by t h e  information search  s p e c i a l i s t s ,  and 
( 2 )  s u f f i c i e n t  in format ion  t o  enable NASA engineers  and s c i e n t i s t  t o  
cons ider  p o s s i b l e  s o l u t i o n s  t o  t h e  problem, 

Computer I n foma t ion  Search - This is  a computerized informat ion  
search of t h e  aerospace informat ion  bank e s t a b l i s h e d  by NASA and made 
a v a i l a b l e  through s i x  Regional Dissemination Centers  i n  t h e  United S t a t e s .  
This information bank c o n s i s t s  of t h e  approximately 700,000 documents 
which have been indexed and a b s t r a c t e d  i n  t h e  S c i e n t i f i c  and Technical  
Aerospace Reports (STAR) and I n t e r n a t i o n a l  Aerospace Abs t r ac t s  (IAA). 

Lnlpact - Information i s  given t o  a problem o r i g i n a t o r  w i t h  t h e  
C ~ Y I X L ~  t h a t  he  changes h i s  a c t i v i t i e s  i n  a way t h a t  enhances h i s  progress  
toward a medical o b j e c t i v e .  An impact i s  thus analogous t o  a technology 
a p p l i c a t i o n  except  t h a t  one o r  more of t h e  requirements f o r  a technology 
a p p l i c a t i o n  a r e  no t  s a t i s f i e d .  





2-  0 TECHNOLOGY APPLICATIOIJS r POTEPdTIAL TEC14IdOLOGV A P P L I C A T I O N S ,  AND 
1 MP ACTS 

2-1 Technology A p p l i c a t i o n s  

During t h e  r e p o r t i n g  p e r i o d ,  f o u r  a p p l i c a t i o n s  of a e r o s p a c e  
technology were  accomplished and a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  summaries: 

PRI3ESLDI NCI - 3 Automatic Blood Pressure lifeasbrement of Cri-tical 2y I2 2 
Patients 

Lyuipment des igned  t o  moni to r  a s t r o n a d t s  d u r i n g  ground t r a i n i n g  i s  b e i n g  
used i n  t h e  moni to r ing  o f  leukemia p a t i e n t s ,  Leukemia, a  major  form of  
cancer, i s  a d i s e a s e  c h a r a c t e r i z e d  by a  s e l f - " p e r p e t u a t i n g  p r o l i f e r a t i o n  
of w h i t e  b lood  c e l l  forming t i s s u e ,  

The? N a t i o n a l  Cancer I n s t i t u t e  of t h e  N a t i o n a l  I n s t i t u t e s  s f  H e a l t h  i s  
conduc t ing  a v i g o r o u s  program d i r e c t e d  toward f i n d i n g  t h e  c a u s e s  and 
cures f o r  t h i s  d i s e a s e ,  I n  t h e  c l i n i c a l  phase  of t h i s  program, a  problem 
ex i s t s  i n  t h e  e a r l y  d e t e c t i o n  of shock which i s  d e f i n e d  a s  a sudden re -  
d u c t i o n  i n  t h e  volume of c i r c u l a t i n g  b l o o d ,  Shock o f t e n  o c c u r s  as t h e  
r e su i t  of hemorrhage, i n f e c t i o n ,  o r  a combinat ion of t h e  two; b u t  i f  n o t  
r ecognized  e a r l y ,  shock becomes i r r e v e r s i b l e  and r a p i d l y  f a t a l ,  Thus a 
need e x i s t s  f o r  a n  a c c u r a t e  i n d i c a t o r  of t h e  o n s e t  o f  shock s o  t h a t  cor-  
r e c t i v e  measures c a n  b e  t aken .  

One i m p o r t a n t  measure o f  t h e  o n s e t  of shock i s  a  r e d u c t i o n  i n  b lood  
p r e s s u r e .  Blood p r e s s u r e  is d e f i n e d  a s  t h e  p r e s s u r e  e x e r t e d  by t h e  
~ L o o d  w i t h i n  t h e  a r t e r i e s ,  The two p r e s s u r e s  of i n t e r e s t ,  s y s t o l i c  and 
d i a s t o l i c ,  are t h e  maximum and minimum p r e s s u r e s  e x e r t e d  on t h e  w a l l s  of 
the  a r t e r i e s  by t h e  p u l s a t i l e  pumping o f  t h e  h e a r t .  

The primary method f o r  measur ing b lood  p r e s s u r e  i s  t h e  sphygmomanometer 
which i s  a c u f f  p l a c e d  around t h e  upper a r m .  The microphone of a  s t e t h o -  
scope i s  p l a c e d  under t h e  c u f f  and o v e r  t h e  b r a c h i a l  a r t e r y  n e a r  t h e  f o l d  
u f  the arm. The c u f f  is  i n f l a t e d  t o  a  p r e s s u r e  which i s  h i g h e r  t h a n  
maxim~~m b lood  p r e s s u r e  and i s  t h e n  s lowly  reduced.  When t h e  c u f f  p r e s s u r e  
r e a c h e s  t h e  s y s t o l i c  o r  maximum p r e s s u r e ,  a p u l s e  i s  h e a r d  i n  t h e  s t e t h o -  
scope.  When t h e  c u f f  p r e s s u r e  i s  reduced s t i l l  f u r t h e r  t o  t h e  d i a s t o l i c  
p r e s s u r e ,  t h e  p u l s e  sounds drop s h a r p l y .  

The cuf f  method i s  u n d e s i r a b l e  f o r  con t inuous  moni to r ing  of b lood  p r e s s u r e  
because  t h e  r e p e a t e d  i n f l a t i o n  o f  t h e  c u f f  d i s t u r b s  t h e  p a t i e n t .  

A method of moni to r ing  b lood  p r e s s u r e  on a con t inuous  b a s i s  i s  needed f o r  
bed p a t i e n t s .  The method shou ld  n o t  s i g n i f i c a n t l y  d i s t u r b  t h e  p a t i e n t .  
The p r e s s u r e  range  o f  i n t e r e s t  i s  0-200 mm Bg and a s e n s i t i v i t y  of 5-10 mm 
dg i s  r e q u i r e d ,  An i n v a s i v e  t e c h n i q u e  ( i . e . ,  one which p u n c t u r e s  t h e  
s k i n )  is  c o n s i d e r e d  u n d e s i r a b l e .  



A computer s e a r c h  of t h e  NASA document f i l e  was made a s  t h e  f i r s t  s t e p  
toward f i n d i n g  a  s o l u t i o n  t o  t h i s  problem, Although t h e  s e a r c h  r e v e a l e d  
a n u d e r  of i n t e r e s t i n g  documents, no adequa te  s o l u t i o n  was found. How- 
e v e r ,  t h e  s e a r c h  r e v e a l e d  t h a t  Ames Research Cente r  had conducted much 
sf NASA's r e s e a r c h  i n  b lood  p r e s s u r e  measurement. During a  t r i p  t o  A m e s  
Research C e n t e r ,  t h e  Team d i s c u s s e d  t h e  problem w i t h  M r .  Joseph R. Smith 
who sugges ted  t h a t  an  a l t e r n a t e  approach would be  t o  u s e  t h e  oximeter  
developed by ARC f o r  measuring b lood  oxygen c o n t e n t ,  T h i s  d e v i c e  was 
des igned  t o  c l i p  o n t o  t h e  upper p a r t  of t h e  e a r  and measure t h e  oxygen 
c o n t e n t  of t h e  p e r i p h e r a l  b lood  d u r i n g  v a r i o u s  ground t e s t i n g  o p e r a t i o n s  
such as c e n t r i f u g i n g .  Th is  approach was d i s c u s s e d  w i t h  t h e  problem o r i g i -  
cator, and i t  was agreed  t h a t  t h e  approach was a  u s e f u l  one.  

The ox imete r ,  shown i n  F i g u r e  4 ,  o p e r a t e s  by measuring t h e  i n f r a r e d  absorp- 
tion through t h e  upper p a r t  o f  t h e  e a r  by p l a c i n g  a n  i n f r a r e d  s o u r c e  and 
a d e t e c t o r  on o p p o s i t e  s i d e s  of the e a r ,  

F i g u r e  4 .  NASA Ear Oxirneter 

The o u t p u t  of t h e  meter  i s  a  measure of t h e  oxygen i n  t h e  b lood  of t h e  
e a r ,  S i n c e  t h e  c o n s t a n t l y  changing b lood  volume of t h e  e a r  i s  caused 
by t h e  blood p r e s s u r e  changes ,  t h e  o u t p u t  o f  t h e  oximeter  i s  a f f e c t e d  by 
changes i n  t h e  blood p r e s s u r e ,  Thus, t h e  u n i t  can  b e  used t o  o b t a i n  a  
r e l a t i v e  measure of b lood  p r e s s u r e  b u t  n o t  a n  a b s o l u t e  measure.  The 
problem o r i g i n a t o r  s t a t e d  t h a t  t h e  r e l a t i v e  change i n  blood p r e s s u r e  was 
of major i n t e r e s t  because  i s  i s  t h i s  r e l a t i v e  measure t h a t  is of importance 
i n  d e t e c t i n g  t h e  o n s e t  of shock.  The problem o r i g i n a t o r  a l s o  s t a t e d  t h a t  
tests needed t o  b e  conducted t o  de te rmine  whether  t h e  p e r i p h e r a l  b lood  
p r e s s u r e  could  b e  used as a n  adequa te  measure of t h e  o n s e t  of shock.  



A4rrangements were  made t o  l o a n  t h e  ox imete r  t o  the N a t i o n a l  Cancer 
L n s t i t x t e  ( N C I )  f o r  t e s t s .  At t h e  p r e s e n t  t ime ,  t e s t s  are underway t o  
de te rmine  a number of c h a r a c t e r i s t i c s  of t h e  e a r  ox imete r  i n  t h i s  p a r t i -  
c u l a r  problem a r e a .  Long-term s t a b i l i t y  t e s t s  on t h e  o u t p u t  o f  t h e  
oximeter  a r e  b e i n g  made as w e l l  a s  c a l i b r a t i o n  t e s t s  t o  de te rmine  t h e  
s e n s i t i v i t y  of t h e  u n i t  f o r  changes i n  b lood  p r e s s u r e .  Although some 
p r e l i m i n a r y  iizf o rmat ion  was a v a i l a b l e  on t h e s e  m a t t e r s  from NASA, t h e  
problem o r i g i n a t o r  n a t u r a l l y  wants  t o  pe r fo rm h i s  own t e s t s .  Fol lowing 
t n e  outcome of  t h e s e  t e s t s ,  t h e  o u t p u t  c i r c u i t  of t h e  ox imete r  w i l l  b e  
modif ied by i n s t a l l i n g  a  s m a l l  a l a r m  c i r c u i t  which w i l l  b e  t r i g g e r e d  by 
c;langes i n  b lood  p r e s s u r e .  The b a s i c  i d e a  i s  t o  have a n  a la rm which w i l l  
be  t r i g g e r e d  when t h e  mean b lood  p r e s s u r e  d rops  below a  p a r t i c u l a r  p o i n t .  
T h i s  t h r e s h o l d  l e v e l  w i l l  b e  a d j u s t e d  f o r  each i n d i v i d u a l  p a t i e n t .  The 
T e a m  p l a n s  t o  work c l o s e l y  w i t h  t h e  problem o r i g i n a t o r  t o  make c e r t a i n  
chat any impediments i n  t h e  u t i l i z a t i o n  of t h i s  equipment a r e  q u i c k l y  
s o l v e d .  

S u c c e s s f u l  c o n c l u s i o n  of t h e  t e s t s  a t  N C I  w i l l  p r o v i d e  a  v a l u a b l e  t o o l  
i n  moni to r ing  c r i t i c a l l y  ill p a t i e n t s .  Although t h e  major  emphasis a t  
c h i s  p o i n t  i s  on t h e  measurement of shock i n  leukemia p a t i e n t s ,  i t  i s  
c l e a r  t h a t  t h i s  t y p e  of moni to r ing  would a l s o  b e  u s e f u l  i n  a lmos t  any 
type of i n t e n s i v e  c a r e  u n i t  where shock i s  a s i g n i f i c a n t  h a z a r d .  Pub l i -  
ca t io iz  of f a v o r a b l e  r e s u l t s  from t h e  ongoing t e s t s  w i l l  p r o v i d e  e x c e l l e n t  
v i s i b i l i t y  f o r  t h e  u s e  of t h i s  equipment i n  g e n e r a l  c r i t i c a l  moni to r ing  
s i t u a t i o n s .  

~71?OBL,EM TU-2  Resp i ra toq  Rate Measurement 

R devzte des igned  t o  measure r e s p i r a t i o n  of a s t r o n a u t s  i s  b e i n g  used i n  
the d i a g n o s i s  of r e s p i r a t o r y  d i s e a s e s  i n  c h i l d r e n .  R e s p i r a t o r y  d i s e a s e s  
'Are t h e  major  c a u s e  of i l l n e s s  i n  c h i l d r e n  from i n f a n c y  th rough  ado les -  
cence ,  Some of t h e  more s e r i o u s  r e s p i r a t o r y  d i s e a s e s  a r e  as thma,  c y s t i c  
f i b r o s r s ,  and b r o n c h i t i s .  Much r e s e a r c h  i s  p r e s e n t l y  b e i n g  conducted i n  
causes, d i a g n o s e s ,  and c u r e s  of r e s p i r a t o r y  d i s e a s e s .  

One v a l u a b l e  i n d e x  f o r  d iagnos ing  l u n g  d i s e a s e  i s  t h e  r e s p i r a t o r y  r a t e  
of c h i l d r e n  engaged i n  q u i e t  p l a y .  I f  t h i s  r a t e  is  s t u d i e d  f o r  t h e  same 
p a t i e n t  o v e r  a p e r i o d  of months,  much i n f o r m a t i o n  can b e  ga ined  abou t  
tile c o n d i t i o n  and changes i n  c o n d i t i o n  of t h e  p a t i e n t ' s  l u n g s .  Respira-  
t i o n  r a t e  i s  i m p o r t a n t  because  i t  i s  d i r e c t l y  r e l a t e d  t o  l u n g  compliance 
o r  s t i f f n e s s .  For example, i f  d i s e a s e  s t i f f e n s  t h e  l u n g s ,  t h e  body w i l l  
adjust t o  t h e  d i s e a s e  by b r e a t h i n g  more s h a l l o w l y  and more r a p i d l y .  I n  
t i l e  c a s e  of as thma,  which r e s t r i c t s  t h e  a i r  f low,  t h e  p a t i e n t  w i l l  b r e a t h e  
more s lowly  and more deep ly .  Thus,  r e s p i r a t o r y  r a t e  is a n  i m p o r t a n t  
parameter  i n  t h e  d i a g n o s i s  of l u n g  d i s e a s e .  

The p a t i e n t s  r a n g e  i n  age  from i n f a n c y  t o  a d o l e s c e n c e ,  and t h e  moni to r ing  
w i l l  occur  i n  a  h o s p i t a l  c l i n i c .  The r a t e  measurement method s h o u l d  n o t  
encumber t h e  c h i l d ,  b u t  s h o u l d  l e t  him b e  f r e e  t o  engage i n  q u i e t  p l a y .  

The impedance pneumograph (ZPB) used by NASA on t h e  Gemini s p a c e  f l i g h t s  
was a p p l i e d  t o  t h i s  problem. The impedance pneumograph was des igned  by 



NASA t o  measure r e s p i r a t i o n  r a t e  and r e s p i r a t o r y  volume during a manned 
space f l i g h t ,  Although t h e  u n i t  had been s l i g h t l y  modified f o r  t h e  
Lqollo missions,  t h e  Gemini equipment appeared capable of so lv ing  t h i s  
problem, The Team performed a search  of the  commercial l i t e r a t u r e  and 
determined t h a t ,  although c e r t a i n  commercial impedance pneumography 
equipment was a v a i l a b l e ,  none of t h e  equipment was a s  smal l  a s  t h e  NASA 
equipment. 

This approach was discussed w i  t h  t h e  problem o r i g i n a t o r ,  and i t  w a s  
determined t h a t  t h e  NASA ZPN would be  a u s e f u l  approach t o  t h e  problem. 
The f i r s t  s t e p  i n  t h i s  e f f o r t  was t o  ob ta in  t h e  Gemini hardware t o  t e s t  
t h e  s u i t a b i l i t y  of t he  equipment. When t h e s e  t e s t s  proved s a t i s f a c t o r y ,  
i t  was decided t o  implement t h e  te lemetry p o r t i o n  of t h e  problem wi th  a 
piece of commercial te lemetry equipment, During t h e  prel iminary t e s t s  
a t  t h e  Tulane Univers i ty  School of Medicine, i t  was determined t h a t  no t  
only was r e s p i r a t i o n  r a t e  information a v a i l a b l e ,  b u t  the  c l ean  waveforms 
produced by t h e  impedance pneumograph allowed both i n s p i r a t o r y  and expira-  
t o r y  times t o  be  determined. 

A t  t he  p re sen t  t ime, t h e  impedance pneumograph has been mated w i t h  a 
commercial te lemetry system. I n i t i a l  t e s t s  on t h i s  system al low t h e  
s u b j e c t  t o  range up t o  40 f e e t  from the  antenna,  and a mu l t ip l e  antenna 
system has been i n s t a l l e d  which w i l l  al low the  c h i l d r e n  t o  roam f r e e l y  
throughout t h e  c l i n i c  a r e a ,  The u n i t  has  been packaged i n t o  a smal l  
fins$ u n i t ,  shown i n  Figure 5 ,  t h a t  w i l l  enable  c l i n i c a l  use t o  s t a r t  
i m e d i a t e l y .  

Figure 5. Impedance Pneramograph wi th  Telemetry and Bat te ry  Package 
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' rnia t r a n s f e r  w i l l  e n a b l e  t h e  problern o r i g i n a t o r  "c ob Lain v a l u a b l e  
clinical i n f o r m a t i o n  on t h e  r e s p i r a t o r y  r a t e s  of chi . ldren who a r e  moving 
f r e e l y  and unimpaired i n  a  q u i e t  p l a y  environment ,  Th i s  i n f o r m a t i o n  can  
b e  w e d  b o t h  f o r  d i a g n o s t i c  purposes  and f o r  o b t a i n i n g  b a s e l i n e  i n f o r -  
~ndtio:1 351 r e s p i r a t o r y  r a t e s  o f  s m a l l  c h i l d r e n .  I t  i s  b e l i e v e d  t h a t  base-. 
l i n e  i n f o r m a t i o n  a t  t h e  p r e s e n t  t i m e  i s  i n a c c u r a t e  because  of t h e  f a c t  
rhac  r h a  a c t  o f  t a k i n g  t h e  r e s p i r a t o r y  r a t e  m o d i f i e s  t h e  v o l u n t a r y  c o n t r o l  
oE the r e s p i r a t i o n ,  Thus,  b o t h  g e n e r a l  c l i n i c a l  i n f o r m a t i o n  and s p e c i f i c  
d i a g n o s t i c  i n f o r m a t i o n  can b e  o b t a i n e d  because  of t h i s  t r a n s f e r .  

NASA e x p e r t i s e  i n  moni to r ing  a i r  f lows h a s  been  a p p l i e d  t o  moni to r  f low 
i n  r e s p i r a t o r s  a t  t h e  Goldwater Memorial H o s p i t a l  o f  t h e  PJew York Univer- 
s i e y  VIiiedical C e n t e r ,  one of t h e  l a r g e s t  r e s p i r a t o r y  c e n t e r s  i n  t h e  Uni ted 
S ta res*  Users  of t h e s e  r e s p i r a t o r s  a r e  permanently d i sab led- -e .g . ,  
s t r o k e  v i c t i m s ,  p a r a l y s i s  v i c t i m s ,  and o t h e r s  permanently u n a b l e  t o  r e s p i r e  
themselves a s  a r e s u l t  of a c c i d e n t  o r  d i s e a s e .  T h i s  means t h a t  t h e  res- 
pirators must b e  used on t h e  p a t i e n t s  c o n t i n u o u s l y ,  The r e s p i r a t o r s  have 
b a t t e r y - o p e r a t e d  alarms connected t o  t h e i r  mechanisms which f u n c t i o n  when 
the r e s p x r a t o r  becomes d i s a b l e d .  The alarms a r e  n o t  f o o l p r o o f ,  however, 
because t h e  a l a r m  sys tem i t s e l f  i s  s u b j e c t  t o  f a i l u r e ;  c i r c u i t  f a i l u r e s  
can aad do occur .  I n  a d d i t i o n ,  t h e  b a t t e r i e s  t h a t  power t h e  a l a r m  sys tem 
;ax become d e p l e t e d  w i t h o u t  t h e  knowledge of the n u r s e ,  and maintenance 
personnel must b e  r e l i e d  on t o  i n s u r e  t h a c  t h e  b a t t e r i e s  are always a d e -  
q u d t e ,  Consequent ly ,  t h e  n u r s e s  do n o t  f u l l y  t r u s t  t h e  a l a r m  system.  
Ti; is r e s ~ i L t s  i n  c l o s e r  s u r v e i l l a n c e  by t h e  n u r s e s  and ,  correspol idingly  , 
reqr l i r es  more o f  t h e i r  t ime.  There  have been r e p o r t e d  c a s e s  i n  which 
patients have  d i e d  when r e s p i r a t o r s  w i t h  f a u l t y  a la rms  became i n o p e r a t i v e  
be fo re  medica l  pe rsonne l  became aware of t h e  s i t u a t i o n .  A s  a r e s u l t ,  a  
s e p a r a t e  alarm sys tem is  d e s i r e d ,  independent  of t h e  r e s p i r a t o r  a la rm,  
W ~ L C ~  eaa s e n s e  when a p a t i e n t  is  n o t  b e i n g  r e s p i r e d .  It i s  d e s i r e d  t h a t  
tlbe alarm b e  a t t a c h e d  t o  t h e  p a t i e n t  and moni to r  some paramete r  t h a t  i s  
a direct i n d e x  o f  whe ther  t h e  p a t i e n t  i s  b e i n g  r e s p i r e d  o r  n o t .  D e t e c t i o n  
o f  a mechanical  pa ramete r ,  such a s  change i n  volume of t h e  c h e s t  w i t h  res- 
p i A a t i o n ,  would b e  a c c e p t a b l e .  

The d a ~ m  must b e  r e l i a b l e .  It musc b e  s e n s i t i v e  enough t o  d e t e c t  l o s s  
o f  n - e s p i r a t i o n ,  b u t  n o t  s o  s e n s i t i v e  as t o  g i v e  f r e q u e n t  f a l s e  a l a r m s .  
Lf f r e q u e n t  f a l s e  a la rms  o c c u r ,  t h e  u n i t  w i l l .  b e  t u r n e d  o f f  o r  ignored  
and w i l l .  s e r v e  no u s e f u l  purpose .  Attachments t o  t h e  p a t i e n t  must n o t  
be so IruJky as t o  c a u s e  p a t i e n t  d i s c o m f o r t .  I n  summary, s i m p l i c i t y ,  
r e l i a b i l i t y ,  and low f a l s e  alarm rate a r e  primary r e q u i r e m e n t s .  

N A ~ A ' s  .P;mes Research Cente r  h a s  developed a t h e r m i s t o r  a la rm sys tem f o r  
determining r e s p i r a t o r  f a i l u r e  o r  f o r  moni to r ing  b r e a t h i n g  r a t e .  T h i s  
technique depends upon t h e  r i s e  i n  t empera tu re  of t h e  i n s p i r e d  a i r  when 
i s  i s  passed  i n t o  t h e  l u n g s  and h e l d  t h e r e .  The t empera tu re  r ise i s  
sensed by means of a t h e r m i s t o r  p l a c e d  i n  t h e  e x p i r e d  airstream from t h e  
l ungs*  The NASA technology ,  a s  o r i g i n a l l y  developed,  employed t e l e m e t r i c  
t echn iques  p e r m i t t i n g  remote  l o c a t i o n  o f  alarms, I n  t h i s  p a r t i c u l a r  
a p p l i c a t i o n ,  remote  alarms were  n o t  r e q u i r e d ;  t h e r e f o r e , t h e  sys tem could 
b e  s ~ n p l i f i e d  c o n s i d e r a b l y  by removing t h e  t e l e m e t r i c  p o r t i o n  of t h e  
system, M r .  J a c k  Pope des igned  and f a b r i c a t e d  a  hard-wire  sys tem w i t h  



an audlble alarm which could be used on the respirators available at the 
Goldwater Memorial Hospital, The system, shown in Figure 6, consists of 
a thermistor placed in the exhaust tube. 

Figure 6. Respiration Alarm 

The thermistor detects the thermal fluctuation of the air as the patient 
is respired, This thermistor is hard-wired to a signal processor and 
alarm circuit, Adjustments are provided for depth of respiration, and 
a delay is incorporated into the circuit which can be adjusted for indi- 
vidual requirements. When a failure is detected, an audible alarm is 
actuated, 

This unit will permit one of the more seriously ill patients to be moni- 
tored for respiration failure on a long-term basis with significant con- 
fidence. This will eliminate much of the monitoring which is presently 
done by the nurse and will free her for other duties for which she is 
badly needed in the hospital. Favorable final evaluation is likely to 
result in a number of the units being constructed for use at the Gold- 
water Memorial Hospital on those patients who are critically ill and who 
must be maintained on respirators for long periods of time. If final 
evaluation of this technology is favorable, it is recommended that 
information on these techniques be disseminated to some of the major 
hospitals which maintain large numbers of patients on respirators; for 
example, an effective alarm system might find application in many of the 
VA hospitals across the United States, 

PISOBLm WF-98 An Improved Technique to  Yield Precise Infomation on 
Surface Morphology o f  Kidney Stones 

Research techniques at NASA's Marshall Space Flight Center have been used 
to extract information on the structure of kidney stones. A researcher 



at 3owman Gray School of Medicine has been engaged i n  a  long-term study 
o f  kidney s t o n e s ,  t h e i r  occurrence,  causes,  and r e l a t e d  surg2ca l  tech- 
niques, The o v e r a l l  o b j e c t i v e  of h i s  r e sea rch  i s ,  of course,  t o  prevent  
t h e  formation of kidney s tones  i n  p a t i e n t s .  S p e c i f i c a l l y ,  he  i s  seeking 
t o  understand the  mechanisms which cause kidney s tones  t o  form i n  some 
people and no t  i n  o t h e r s .  To t h i s  end, he  has undertaken a  number of 
r e sea rch  programs and techniques which have y i e lded  much u s e f u l  informa- 
tLon, Eiowever, a  p r e c i s e  theory f o r  why kidney s tones  form i n  c e r t a i n  
people and not  i n  o t h e r s  has not  yc:t been c l e a r l y  e s t a b l i s h e d .  For 
example, i t  appears  t h a t  concent ra t ion  of t h e  chemical components i n  t h e  
urine may no t  be  t h e  c r i t i c a l  f a c t o r  because s tones  form i n  c e r t a i n  
people who have lower concent ra t ions  of t h e  chemicals which seem t o  b e  t h e  
b a s i c  i ng red ien t s  from which u r i n a r y  c a l c u l i  a r e  formed. Tiny c r y s t a l s  
are formed i n  t h e  tubules  of t h e  kidneys i n  many people,  However, i n  
certain people t hese  t i n y  c r y s t a l s  grow and form kidney s tones .  A s  a 
r e s u l t  of t h e  r e s e a r c h e r ' s  work i n  t h i s  a r e a ,  he suspec t s  t h a t  t h e r e  may 
be a d i f f e r e n c e  i n  the  s u r f a c e  s t r u c t u r e  o r  i n  t h e  s u r f a c e  energy between 
those c r y s t a l s  which grow and form u r ina ry  c a l c u l i  and those  which remain 
in she tubules  and do not  grow. 

A s i g n i f i c a n t  po r t ion  of t h e  popula t ion  is a f f e c t e d  by kidney s t o n e s .  
Passing kidney s tones  i s  an extremely p a i n f u l  process ,  and those  which 
are n o t  passed can f r equen t ly  cause seve re  problems and even n e c e s s i t a t e  
s u r g i c a l  i n t e r v e n t i o n .  The r e sea rche r  i s  seeking t o  determine those  
f a c t o r s  which c o n t r o l  t h e  formation of kidney s tones  i n  human be ings .  
Kn t h i s  p a r t i c u l a r  problem, he  i s  seeking a  means t o  examine t h e  s u r f a c e  
morphology of r e n a l  c a l c u l i  which w i l l  y i e l d  more u s e f u l  information on 
the s u r f a c e  s t r u c t u r e  than  t h a t  p re sen t ly  obta ined  from l i g h t  microscope 
techniques.  B a s i c a l l y ,  a  means of examining t h e  s u r f a c e  s t r u c t u r e  of 
var ious  kidney s tones  i s  des i r ed  s o  a s  t o  b e  a b l e  t o  determine whether 
o r  not s u r f a c e  morphology i s  a  f a c t o r  i n  kidney s t o n e  format ion ,  

AS a r e s u l t  of a  v i s i t  t o  t h e  Marshall  Space F l i g h t  Center (MSFC) by one 
of tlze KT1 Team members, t h e  ex i s t ence  of a  very e x c e l l e n t  scanning 
e l e c t r o n  microscope f a c i l i t y  a t  MSFC was a l r eady  known t o  t h e  Team, The 
p o t e n t i a l  usefu lness  of t h e  scanning e l e c t r o n  microscope i n  performing 
che s u r f a c e  s t r u c t u r e  s t u d i e s  which were needed was d iscussed  w i t h  
Dr, 3oyce. Discussions revea led  t h a t  this technique appeared capable 
o f  providing t h e  exac t  in format ion  he  r equ i r ed .  

Flr, Juan P i z a r r o  of t h e  Technology U t i l i z a t i o n  Of f i ce  a t  MSFC made 
arrangements t o  use t h e  f a c i l i t y  and f o u r  samples of r e p r e s e n t a t i v e  kidney 
s tones  w i t h  i d e n t i f i c a t i o n  numbers were s e n t  t o  t h e  scanning e l e c t r o n  
microscope f a c i l i t y  a t  MSFC. E lec t ron  micrographs were d e s i r e d  of t h e  
su r f aces  of t h e  kidney s tones  and of t h e  c ross -sec t ions  obta ined  when t h e  
c r y s t a l s  were f r a c t u r e d .  This  was accomplished by t h e  scanning e l e c t r o n  
microscope f a c i l i t y  a t  MSFC, and a  t o t a l  of f o r t y  scanning e l e c t r o n  
micrographs were made (one of t h e s e  i s  shown i n  F igure  7 ) .  

The immediate b e n e f i t  of t h i s  t r a n s f e r  i s  t h a t  t h e  a n a l y t i c a l  techniques 
necessary f o r  t h e  r e sea rche r  t o  determine t h e  a p p l i c a b i l i t y  of a t h e o r e t i -  
c a l  hypothes is  which he had formulated regard ing  t h e  formation of kidney 
s tones  i n  human beings has been made a v a i l a b l e .  The r e sea rche r  d id  not  



F i g u r e  7 .  E l e c t r o n  Micrograph o f  a Kidney S tone  

Rave a v a i l a b l e  w i t h i n  t h e  School of Medicine t h e  a n a l y t i c a l  t e c h n i q u e s  
and t h e  i n s t r u m e n t a t i o n  which were  r e q u i r e d  f o r  t h e  s o l u t i o n  of t h i s  
problem. The long-range b e n e f i t s  sf t h i s  t r a n s f e r ,  of  c o u r s e ,  depend 
upon whether  t h e  h y p o t h e s i s  concerning t h e  r e l a t i o n s h i p  between s u r f a c e  
morphology and kidney s t o n e  fo rmat ion  i s  proved o r  d i sproved .  I f  t h e  
r e l a t i o n s h i p  i s  indeed e s t a b l i s h e d ,  t h e n  s i g n i f i c a n t  s t r i d e s  w i l l  have 
been  made i n  t h e  unders tand ing  of t h e  fo rmat ion  of k idney s t o n e s  i n  human 
b e i n g s ,  One can f o r e s e e  t h a t  once a f m d a m e n t a l  unders tand ing  of t h e  
nechanisms invo lved  h a s  been  d e l i n e a t e d ,  methods t o  p r e v e n t  t h e  fo rmat ion  
of k idney s t o n e s  would soon f o l l o w ,  

2 , 2  P o t e n t i a l  Technology A p p l i c a t i o n s  

During t h e  r e p o r t i n g  p e r i o d ,  t h i r t e e n  problems achieved t h e  
s t a t u s  o f  p o t e n t i a l  technology a p p l i c a t i o n s ,  Th i s  i n d i c a t e s  t h a t  a n  
adequa te  s o l u t i o n  t o  t h e  problem h a s  been i d e n t i f i e d  and implementat ion 
i s  i n  v a r i o u s  s t a g e s  of accomplishment,  These t h i r t e e n  problems a r e  
d i s c u s s e d  i n  t h e  fo l lowing  s u m a r i e s ,  

PROBLEM GP-3 Automated Measurement from Coronamj Angiograrns 

Techniques used t o  e x t r a c t  i n f o r m a t i o n  from p i c t u r e s  of Mars a r e  b e i n g  
used t o  o b t a i n  automated i n f o r m a t i o n  on t h e  performance of t h e  human 
hear t ,  Medical  r e s e a r c h e r s  a t  Duke U n i v e r s i t y  Medical  Center  developed 
a t echn ique  t o  de te rmine  myocardia l  c o n t r a c t i l i t y  o r  f u n c t i o n a l  c h a r a c t e r  
of  the c a r d i a c  muscle.  Th i s  t echn ique  shou ld  b e  p a r t i c u l a r l y  u s e f u l  i n  



dctermiliing the  l o c a t i o n  and e x t e n t  of l o s s  of muscle func t ion  and a s  a  
means; of  determining e f f e c t i v e n e s s  of s u r g i c a l  procedures designed t o  
improve ca rd i ac  func t ion  by improving t h e  blood supply t o  t h e  h e a r t .  The 
technique i s  thus s u i t a b l e  both  pre- and pos t -opera t ive ly  t o  determine 
coronary r e v a s c u l a r i z a t i o n  fol lowing t rea tment .  The most app ropr i a t e  
s u r g i c a l  procedure o r  t reatment  t o  improve ca rd i ac  blood flow, and i n  
turn ca rd i ac  func t ion ,  can be  determined by t h i s  technique which i s  
based upon measurements taken from s e q u e n t i a l  coronary angiograms . 
ia coronary angiogram is  an X-ray image of t h e  h e a r t  taken a f t e r  i n j e c t i o n  
of a radiopaque dye i n t o  t h e  coronary a r t e r y ;  t h i s  procedure makes t h e  
coronary a r t e r y  and the  a r t e r i a l  b i f u r c a t i o n s  (branching p o i n t s )  v i s i b l e .  
The a n a l y s i s  technique above r e l i e s  on measurements of dimensional 
changes of va r ious  po r t ions  of ca rd i ac  muscle dur ing  a  ca rd i ac  cyc le .  
These l i n e a r  dimensional clzanges can b e  r e l a t e d  d i r e c t l y  t o  ca rd i ac  
muscl e func t ion .  The measurement of t hese  dimensional changes i s  accom- 
p l i shed  by measurement of p o s i t i o n  of s p e c i f i c  a r t e r i a l  b i f u r c a t i o n s  re- 
corded i n  coronary angiograms. Two s e p a r a t e  angiograms a r e  needed, a  
front-back view and a  s i d e  view, t o  determine t h e  l o c a t i o n  i n  three-  
dimensional space  of a  s p e c i f i e d  b i f u r c a t i o n .  The d i s t a n c e  between two 
b i f u r c a t i o n s  i s  a  measure of t h e  dimension of t h e  in t e rven ing  muscle a t  
that i n s t a n t  of time. 

A t  present t h i s  procedure i.s implemented mantially. About 20 s p e c i f i c  
b i f u r c a t i o n  po in t s  a r e  recorded on t h e  two X-ray views, and t h e  p o s i t i o n s  
of these po in t s  a r e  then  recorded over s e v e r a l  complete c a r d i a c  cyc l e s  by 
angiogra~ns exposed every 1/60 second. A t  60 frames per  second, two pro- 
j e c t i o n s ,  20 s p e c i f i e d  b i f u r c a t i o n s  and a  t o t a l  of s e v e r a l  seconds of 
cir,eangiograms, t h e  r equ i r ed  de termina t ion  of p o s i t i o n  changes and t h e i r  
t i n i e  course  is  an  exceedingly d i f f i c u l t  and lengthy t a sk .  A reasonable  
method of automating t h i s  a n a l y s i s  of t h e  angiograms i s  c l e a r l y  needed 
i f  t h i s  technique of ca rd i ac  func t ion  a n a l y s i s  i s  t o  achieve c l i n i c a l  
importance. 

The automated reading of t h e  35 mm X-ray f i l m  s t r i p s  should provide 
r a p i d  and a c c u r a t e  information on the  p o s i t i o n s  of s p e c i f i e d  a r t e r i a l  
bifxarcations.  Accuracy should be  compatible w i t h  image r e s o l u t i o n  on t h e  
o rde r  of 500 x 500 image r e s o l u t i o n  elements ,  I t  would b e  accep tab le  and 
probably d e s i r a b l e  t o  manually i d e n t i f y  (poss ib ly  by a  l i g h t  pen o r  similar 
tec l~nique)  on t h e  f i r s t  f i l m  frame the  s p e c i f i c  b i f u r c a t i o n  p o i n t s  t o  be  
used, a n d  have t h e  f i l m  reading system automat ica l ly  fol low t h e  l o c a t i o n  
of t these p o i n t s  i n  t h e  subsequent frames. 

One approach would be  t o  d i g i t i z e  each e n t i r e  f i l m  frame and apply p a t t e r n  
r ecogn i t i on  techniques.  This  i s  d i f f i c u l t  and probably very i n e f f i c i e n t  
f o r  this problem, however, because a t  each frame t h e  p o s i t i o n s  of t h e  
tweiaty or. s o  des i r ed  p o i n t s  a r e  a l ready  f a i r l y  w e l l  known from t h e  a n a l y s i s  
o f  the preceding frame. What i s  needed i s  a  method of i d e n t i f y i n g  and 
1ai:ating t h e s e  po in t s  whose neighborhood va lues  a r e  a l ready  known, 

The Team determined t h a t  t h e  informat ion  of i n t e r e s t  was a t  t h e  J e t  
Prc3ipuTsion Laboratory. D e t a i l s  of t h e  JPL VICAR sof tware  program were 
given t o  t h e  r e sea rche r  and he decided t h a t  t h e  enormity of t h i s  p r o j e c t  
required t h a t  he work d i r e c t l y  a t  JPL f o r  a  s h o r t  per iod .  Thus, he  app l i ed  



for and received a summer fellowship at SPL for 1970, During this period 
he learned the SPL image processing procedures, worked out his own al- 
gorith, and determined that this approach could solve his problem. Be 
then designed a modified system of image scanning and processing which 
was contracted by Dicomed Corporation, This equipment has been delivered 
and is operational, 

Figure 8. X-Ray of Human Beart Enhanced by Computer Techniques 

This significant medical problem will be sol~ied using a modification of 
the SPL image processing procedures, The equipment is operational, but 
the size of this effort will prevent the actual bifurcation identification 
from being accomplished for about one year, Figure 8 shows the result 
o f  using this technique to identify a region of reduced flow (the circled 
area in the figure), Additional use of this technique will enable the 
researcher to automatically record dimensional changes in the heart during 
a cardiac cycle, 

PROBLEM DU-31 catheter-Moun-ted Pressure Transducer 

A pressure transducer developed for use in the aerospace program has been 
modified for measurement of pressure in human hearts, 

Heart disease is the major cause of death among the _American people. The 
disease affects every age group, and it is extremely interesting that the 
youngest age group, infants, demonstrates nearly all varieties of abnormal 
cardiac condition, Thus the study of pediatric heart disease is of major 
importance. Many types of abnormal heart conditions in children can be 
surgically corrected, but proper diagnosis becomes of paramount importance. 
The correct diagnosis of heart disease in children requires very careful 
measurements of pressure and volume of the heart, The arteries and heart 
chambers are very small and require an unusually small catheter for 



making various measurements. One of the measurements of great importance 
is pressure in the aorta and all four chambers of the heart. This pres- 
sure measurement is more difficult in small children because heart rates 
can range as high as 300 beats per minute. Thus the pressure transducers 
must be able to measure rapid changes in pressure and very small gradients 
in pressure in order to detect the abnormalities in heart condition, 

A major research effort at Duke University Medical Center is devoted to 
understanding the heart diseases in children, In particular, the research 
is devoted to determining a correlation between pressure changes in all 
four  chambers of the heart with motions of the chest wall. The motions 
sf the chest wall can be detected by an apex cardiogram. Thus a correla- 
tion will be made between a measurement technique requiring penetration of 
the heart and a measurement technique entirely external to the body. It 
is necessary to measure pressure, but the existing methods of measuring 
pressure do not have sufficient sensitivity, frequency response, or size 
capability, Also fluid-fill catheters which are commonly used cause sig- 
nificant overshoot in the contraction pressure waveform. Thus a new 
pressure measuring device is required, 

A pressure transducer with size /I5 French (1.5 mm) or smaller is required. 
The pressure range is -30 mm to +300 mm Hg, The maximum frequency of 
response is undetermined, but frequencies as high as 100 Hz may be en- 
countered, Pressure resolution of 1 mm Eg is required, and temperature 
compensation from 35'-40'~ is required, The transducer should be mounted 
on the side of a catheter to prevent erroneous readings due to motion of 
the catheter against the heart wall. 

The solution to this problem appears to be the tunnel diode transducer 
developed by Dr, W. Rindner at Electronics Research Center, Dr. Rindner 
has formed his own company, Device Research Incorporated, and is presently 
offering the NASA-developed transducer. The Duke researcher has examined 
the specifications of the Rindner TD-1 Transducer and believes that this 
w i l l  solve his problem. 

Figure 9, Tunnel Diode Pressure Transducer 

The TD-1 pressure transducer, shown in Figure 9, is presently undergoing 
tests at Duke University Medical Center to determine its characteristics 
in animal experiments. 



PROBll,%B DU-74 Tes ting 07 il7ewnopathic Pat-ients 

21 system designed to  measure p i l o t  performance has  been adapted f o r  t h e  
study of neuromuscular d i s o r d e r s ,  

Maoy people s u f f e r  neuromuscular d i so rde r s  which r e s u l t  i n  t h e  l o s s  o r  
impairment of muscular con t ro l .  The cause of t h e s e  d i so rde r s  f s  dmage  
to cbe nervous system which con t ro l s  t h e  musculature.  One symptom of 
i h i s  d i so rde r  i s  uncon t ro l l ab l e  onse t  and r e l a x a t i o n  of muscles.  

Modern t h e r a p e u t i c  t rea tment  al lows many thousands of p a t i e n t s  t o  i m -  
psove t h e  degree t o  which they can e x e r c i s e  voluntary  c o n t r o l  over t h e i r  
nmscles and, t h e r e f o r e ,  t o  assume a  more a c t i v e  and u s e f u l  r o l e  i r z  soc i -  
ety, Therapeut ic  t r ea tmen t ,  however, is  p re sen t ly  hampered by t h e  d i f f i -  
culty of measuring t h e  improvement ehat  i n d i v i d u a l  p a t i e n t s  make during 
t h e  course  of therapy ,  As  an example oE a  c u r r e n t l y  employed technique 
icr measuring a p a t i e n t ' s  p rog res s ,  t h e  p a t i e n t  is  presented wi th  a  draw- 
ing  of a th in- l ined  geometr ica l  p a t t e r n  and i s  asked t o  t r a c e  t h e  p a t t e r n  
ci~irh a  p e n c i l ,  From t h i s  experiment,  one can make a  sub j e c t i v e  judgment 
regarding t h e  degree t o  which a  p a t i e n t  i s  a b l e  t o  c o n t r o l  t h e  movement , 

ef his hand. A more q u a n t i t a t i v e  measurement of a  p a t i e n t ' s  progress  
would l e a d  t o  r e f i n e d  the rapeu t i c  techniques which, i n  t u r n ,  should 
bxing about more r a p i d  and more complete recovery f o r  t h e  many p a t i e n t s  
s u f f e r i n g  from neuromuscular d i so rde r s .  

In the des ign  of h ighly  r e l i a b l e  a i r c r a f t  and space  systems which a r e  t o  
b e  opera ted  under d i r e c t  manual c o n t r o l ,  t h e  problem of t h e  man-machine 
i n t e r f a c e  becomes c r i t i c a l .  S c i e n t i s t s  a t  NASA" Langley Research Center 
have been working f o r  s e v e r a l  yea r s  on t h e  problems of designing f l i g h t  
v e h i c l e s  which a r e  w e l l  s u i t e d  f o r  c o n t r o l  by a  human ope ra to r ,  Of 
major importance is  t h e  understanding of t h e  motor and pe rcep tua l  charac- 
t e r i s t i c s  of t h e  h m a n  p i l o t .  To measure p i l o t  c h a r a c t e r i s t i c s  such a s  
%mib c o n t r o l l a b i l i t y ,  response t ime,  r a t e  of movement, e t c . ,  LRC research-  
ers developed a v a r i e t y  of t e s t s  and t e s t i n g  appara tuses ,  This  research  
r e s u l t e d  i n  a mathematical model of t h e  herman p i l o t .  

The Team l ea rned  of t h i s  research  a t  kangley and arranged a  v i s i t  t o  
talk with two of t h e  p ioneers  i n  p i l o t  modeling. Upon d i scuss ing  t h i s  
problem w i t h  t h e  Langley r e sea rche r s ,  i t  became evident  t h a t  t h e  t e s t s  
atley had devised t o  determine p i l o t  c h a r a c t e r i s t i c s  had much i n  comon 
with the requirements f o r  t e s t i n g  p a t i e n t s  w i th  motor d i s o r d e r s ,  The 
Team was given  a demonstrat ion of a t r ack ing  t a s k  which was employed 
a t  LRG, I n  t h i s  case ,  a i r c r a f t  p i l o t s  were r equ i r ed  t o  t r a c k  a  random 
dxstulsgoance by pos i t i on ing  a j o y s t i c k  i n  a  manner which maintains  an  
osc i l l o scope  t r a c e  i n  t h e  zero  p o s i t i o n .  With t h i s  con f igu ra t ion ,  i t  w a s  
possible t o  record  both  p i l o t  response and ins tan taneous  e r r o r  i n  t rack-  
i n g  random dis turbance .  Included i n  t h e  t a s k  were model s t i c k  and a i r -  
craft d y n m i c s ,  This  con f igu ra t ion  i s  i l l u s t r a t e d  i n  Figure 10 f o r  a 
s i ng le  a x i s  t r ack ing  t a sk .  The Langley r e sea rche r s  suggested t h a t  t h e  
srick and a i r c r a f t  dynamics be  removed from t h e  t a s k s  i n  o rde r  co acqu i r e  
a bet ter  measurement of t h e  motor performance of neuromuscular p a t i e n t s ,  
The LBC t r ack ing  t a s k  w i ~ h  t h e  suggested modi f ica t ions  a s  shawn i n  
Figure 82 w a s  implemented, and t h e  problem o r i g i n a t o r  i s  eva lua t ing  
the technique. 
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I'2CJ~~'lbly DU- 75 EpicardiaZ Electrodes 

M n,aterial  des igned f o r  s p a c e c r a f t  an tennas  is  be ing  cons idered  f o r  use  
as e p i c d r d i a i  e l e c t r o d e s  i n  t h e  s t u d y  of h e a r t  d i s e a s e .  

Early d i a g n o s i s  of h e a r t  d i s e a s e  i s  a n  impor tan t  f a c t o r  i n  reduc ing  t h e  
m~rtality from t h e  major cause  of d e a t h  i n  t h i s  c o u n t r y ,  A t  t h e  p r e s e n t  
c i x ~ e ,  the e l e c t r o c a r d i o g r a p h  i s  t h e  p r i n c i p a l  t o o l  i n  d iagnos ing  h e a r t  
disease, The e l e c t r o c a r d i o g r a m  i s  a  measure of t h e  e l e c t r i c a l  a c t i ~ i t y  
a t  the s u r f a c e  of t h e  c h e s t  which i s  genera ted  by h e a r t  a c t i o n  and i s  
determined a s  a  f u n c t i o n  of t ime. One of t h e  most s i g n i f i c a n t  a d v m c e s  
i n  e l e c t r o c a r d i o g r a p h y  is  t h e  r e c e n t  development of body s u r f a c e  mapping 
0.c i s o p o t e n t i a l s  s u r f  a c e  maps, Th is  t echn ique  i n v o l v e s  measuring t h e  
p r g g r e s s  o f  i s o p o t e n t i a l s  on t h e  c h e s t  s u r f a c e  a s  a  f u n c t i o n  of t ime .  
Rather t h a n  a  t ime r e l a t i o n  of a f i x e d  p o i n t ,  t h e  i n t e r r e l a t i o n  of a  
Bargs number of p o i n t s  and,  i n  p a r t i c u l a r ,  t h e  phase  r e l a t i o n s h i p s  between 
rhes2 p o i n t s  i s  s t u d i e d ,  

One o f  r h e  b a s i c  d i f f i c u l t i e s  i n  t h i s  t y p e  of s t u d y  i s  de te rmin ing  how 
snrict; information is  a c t u a l l y  r e q u i r e d  i n  o r d e r  t o  map t h e  p o t e n t i a l  d i s -  
t r i b u c i o n s .  Th i s  s t u d y  a t t e m p t s  t o  determine whether  o r  n o t  t h e  p r e s e n t -  
Iv used 150 e l e c t r o d e s  a r e  a c t u a l l y  r e q u i r e d  i n  o r d e r  t o  de te rmine  t h e  
i s a p o r e n t i a l ,  Obviously ,  from a  f i n a n c i a l  p o i n t  of v iew,  i t  i s  d e s i r a b l e  
t o  f i n d  t h e  s m a l l e s t  p o s s i b l e  number of e l e c t r o d e s  which w i l l  p rov ide  a  
grven arncunt of i n f o r m a t i o n .  I n  o r d e r  t o  o b t a i n  t h i s  i n f o r m a t i o n ,  t h e  
2ceen:La.l~ genera ted  a t  t h e  s u r f a c e  of t h e  h e a r t  and c h e s t  must b e  d e t e r -  
r n ~ n e d  s o  t h a t  a  c o r r e l a t i o n  can b e  made between t h e  two, Th is  informa- 
ti~r, is  then fed  i n t o  a  PDP-12 computer f o r  a n a l y s i s  on t h e  amount of 
rzdundanr in fo rmat ion .  

~ ~ i i r o ~ g h  the major i n t e r e s t  i n  t h e  p a s t  has  been i n  v e n t r i c u l a r  poten- 
t ,a1 s , r e s e a r c h e r s  a t  Duke U n i v e r s i t y  Medical  Cen te r  have r e c e n t l y  shown 
t h a t  t he  i n f o r m a t i o n  a t  t h e  a t r i a l  s u r f a c e  i s  of major importance--in 
particular, i t  i s  i n t e r e s t i n g  t h a t  s m a l l  t r a n s i e n t  r e l a t i o n s  on t h e  
atrial s u r f a c e  may b e  of major importance.  

Th2 p r e s e n t  s t u d y  i n v o l v e s  a t t a c h i n g  f o r t y  e l e c t r o d e s  t o  t h e  a t r i a l  
surface, These f o r t y  e l e c t r o d e s  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  concerning 
chavges  o n  t h e  a t r i a l  s u r f a c e .  The e l e c t r o d e s  w i l l  b e  a t t a c h e d  d u r i n g  
ope r  chest s u r g e r y  and must occupy an  a r e a  n o t  g r e a t e r  t h a n  1 mm. The 
basic 2roblem i s  t o  develop a method of q u i c k l y  a t t a c h i n g  t h e s e  e l e c -  
erodes  w h i c h  w i l l  b e  implanted f o r  a  p e r i o d  of s e v e r a l w e e k s .  The 
e x i s z i n g  nethod of a t t a c h i n g  t h e  e l e c t r o d e s  r e q u i r e s  an  i n o r d i n a t e  
amount o f  t ime ;  r a p i d  a t tachment  would n o t  on ly  s a v e  s u r g i c a l  t ime  b u t  
wc~ld also reduce trauma, 

NASA has developed a  method f o r  opening an tennas  i n  s p a c e  by us ing  a  
material w i t h  a  mechanical  memory. Th is  m a t e r i a l ,  c a l l e d  N i t i n o l ,  i s  
anaealed i n  a  p a r t i c u l a r  shape  a s  shown i n  F i g u r e  12c .  When cooled t o  
room rempjerature, t h e  m a t e r i a l  can b e  deformed a s  shown i n  F igure  l 2 a ;  
t h e n  when i t  i s  r e h e a t e d  above t h e  c r i t i c a l  t r a n s i t i o n  t empera tu re ,  t h e  
naterial w i l l  r e t u r n  t o  i t s  annealed form. Th is  c r i t i c a l  t r a n s i t i o n  
tenpGra@!ire can b e  a d j u s t e d  t o  body tempera tu re ,  Thus i f  e l e c t r o d e s  
made of Ni t inoP a r e  annealed i n t o  a  hooked c o n f i g u r a t i o n  a t  body tempera- 
ture and then lowered t o  room tempera tu re ,  t h e  hook shape  can b e  

26 



Then when %.5.* s t s a i g ; ~ t e n e d  1 e c t r o . d i .  is srs;ck into t h e  
.the ?-look will i , ~ l ~ ~ i ? d i a t e l . y  form axd at tach the  elec t r o d c  

emulsioras by  a NASA. researcher m~ly improve the 
al~ltora.ciiographIc cud;; ~f cancer,  

cancsr ic exy;c:rla.ej.lb;ll anyria;.: tax be facflii:atgid k y  label -  
.ri t:: radioacteve i - ~ < ~ t $ . ? ~ g ~ ~  '&z ~ ~ i " ~ ~ ~ ~  at ta .ches  <",self f-0 

? find che division of the tumor c e l l  produces new l a b e l e d  
,!, process  ca l led  a.utnl:s.df ography de i-ects a rad.i,.oac"_ve cell by 
.I f i "n o f  photographic erc,uls:ron over :.he czll a.nd exposing the 

r ad i cae t i s r i  ty , IXxisting emulsions r e q u i r e  c2i1 exposure 
ozrlr;" 32 - ; I ~ o c ~ ~ s .  .&& '" a muck f e j s ~ e : ~  :ZiLrn earl b e  deveioped, 

Th:l.s 1~211- prcvFde a i.s41;k&;e new techrieque i~ t k  fight: 

enp.bopd soi~.~.di . i~g rcckets 
s.i t - i o - .~  and energy spectra 

s"i.GSF'C was pre~ehs.j:ed w i t h  tk1Ls  pr3.b- 
acch Tromblca who was quite 
experimented s i t h  several 



-1 pa-"- ., f s p e c i a l l y  p repared  n o a c o m e r c i a l _ l y  avai3ab 1 e em~als ions  which 
v reduce The r e q u i r e d  exposure  r ime,  A Team member met w i t h  D r ,  
i x c m k ~ e , ~  and he d i s c u s s e d  t h e s e  t echn iques  a t  Length,  Dr, Trornbka 
 reed t o  p r e p a r e  such an  emuls ion f o r  t e s t i n g  a t  N C I .  These new emul- 
;Isns ~ffer t h e  promise  o f  improved i n f o r m a t i o n  about  cancerous  c e l l s .  

1, 4'3, 311 OF - d. Blood i%boZism Detection 

rGs2rric flow d e t e c t o r s  developed by NASA may prove u s e f u l  i n  d e t e c t -  
L? a c nb ?I i s m s  o c c u r r i n g  dur ing  open h e a r t  s u r g e r y ,  

~ $ 4 -  decade has  shown a d ramat ic  i n c r e a s e  i n  t h e  use  of open heart 
a t o o l  f o r  c o r r e c t i o n  of h e a r t  d e f e c t s ,  Many of t h e s e  d e f e c t s  

Tar d i s o r d e r s ,  s e p t a l  d e f e c t s ,  s h u n t s ,  p a t e n t  duc tus  a r t e r i -  
y of F a l l o t  can b e  c o r r e c t e d  by open 'lieart s u r g e r y ,  

t i s  opened, 3 h e a r t -  l u ~ l g  machine i s  used t o  p rov ide  t h e  
. "ion ot   he hear t  and oxygenat ion o f  the blood  s u p p l y ,  Many 
s feei that the weakest  l i n k  i n  t h e  machine is  ehe oxygenator-- 

d i f f  ~ c u l t i e s  being the p r o d u c t i o n  of gas embolisms which can 
" r c u l a t i o n  ~f lodged i n  a s m a l l  a r t e r y ,  I n  a d d i t i o n ,  s u r g e r y  
s e  small p a r t i c l e s  which can s t o p  b lood  c i r c u l a t i o n ,  It is 

of open h e a r t  s u r g e r y  c a s e s  at p r e s e n t  r e s u l t  i n  a 
i e n c y  (reduction of blood flow t o  the brain); thus  a 

g t n e  embolisms as they  occur  is  v i t a l  f o r  s u c c e s s f u l  

k m b c s l i s ~ a s  cccur d u r i n g  open c h e s r  suagerjr ,  a t  tachmeat of 
is e a s i l y  accomplished,  P a r t i c l e  s i z e s  as s m a l l  a s  i micron 

d e t e c t e d  -n t h e  output of  t h e  hear t - lung  machine,  The p a r t i -  
ne er the r  gas o r  s o l i d ,  

contacred Mr, Sal KosiLano of h e s  Research Cente r  who h a s  had 
i n  the measurement of b lood f l o w ,  Mr, Ros i tano  adv i sed  t h a t  

d4*ii:isenic blood flow u n i t s  developed f o r  NASA by 1, 6r I4 E E l c t r o n i c s  
r , c  A ; c e ; i e c t e m b o l i s n s  of t h e  t y p e  of i n t e r e s t  t o  f i e  problem o r i g i n a t o r ,  

t t  +3-2E!.iers, o r i g i n a t o r  was adv i sed  of t h i s  f a c t  and h e  i s  now o b t a i n i n g  
c! ios, on a d e v i c e  s imiLar  t o  tile NASA-developed u ~ i i t s .  

developed f o r  measuring Lalcium Loss i n  a s t r o n a u r  bones may 
in n e a s u r i n g  calc ium l o s s  of cancer p a t i e n t s ,  

.tie many effects of a cancer  i s  t h e  s e c r e t i o n  of a hormone which 
calc~um from t h e  bone,  Th is  can produce l e t h a l  hyperca lcemia ,  

i ,L 2 iziq l e g  20% o f  lung cancer  v i c t i m s  and 40% of b r e a s t  cancer  v i c t i m s  
r,,,-k4 1 yp1-calcemia dur ing  t h e  course  of t h e i r  d i s e a s e s ,  Although some 
-=r,i: ;i nypercalcemia can b e  t r e a t e d  m e d i e a l l y ,  t h e  fundamental  cause  
c c c c u r r e n c e  i s  unknown, I n  s t u d i e s  of e x p e r i m e n t a l ,  tumor bearing +II ; s w h i e h  s e c r e t e  a hypercalcemia-producing s t ibs tance ,  measurements 
,>; i-o )a density would b e  u s e f u l  i n  o r d e r  t o  EoELow t h e  p r o g r e s s  of de- 
r d i  pi-al . .  cats_on. Thus,  a method of  measuring bone d e n s i t y  i n  exper imenta l  
3 . ~  1, lis o be used in b a s t c  r e s e a r c h  on cancer  is r e q u i r e d ,  



A t  p r e s e n t ,  bone d e n s i t y  i s  measured u s i n g  t h e  r a d i o g r a p h i c  method i n  
which an X-ray i s  made of t h e  bone,  and t h e  d e n s i t y  of t h e  X-ray f i r m  
i s  used a s  a  measure of t h e  bone d e n s i t y ,  Th i s  method i s  u n s u i t a b l e  
for r e p e a t e d  measurements because  of t h e  h i g h  doses  of X-rays r e q u i r e d .  
A method which does no t  i n v o l v e  X-rays would b e  d e s i r a b l e ,  

Although t h e  t echn ique  w i l l  be used evenuua l ly  on humans, i n i t i a l l y  i t  
w i l l  b e  used on s a t  tibia (3 x 0-5 cm) Changes i n  bone d e n s i t y  a s  h igh  
as 59Z a r e  expec ted ,  and t h e  accuracy o f  d e t e c t i o n  shou ld  b e  25%. Pref -  
erably, t h e  ra t  w i l l  not b e  s a c r i f i c e d  s o  t h a t  r e p e a t e d  measurenents  can 
be made o v e r  a fourteen-we& p e r i o d ,  Large nw-bers  o f  an imals  b e a r i n g  
tumors can b e  u t i l i z e d  a l l o w i n g  f o r  d e s t r u c t i v e  measurement e o r g a r i s o n s  
t o  be made, 

A teekiaique developed to measure as t ronau t .  bone d e n s i t y  on t h t  Skylab 
f l i g h t s  h a s  been i d e n t i f i e d  as a p p l i c a b l e  t o  t h i s  problem, B a s i c a l l y ,  
t n i s  d e v i c e  (shown i n  F i g u r e  13) measured t h e  u l t r a s o n i c  v e l o c i t y  through 
t ~ e  bone which could b e  c o r r e l a t e d  w i t h  bone d e n s i t y ,  

F igure  43,  NASA Bone Densitomeker 

Wisaussions w i t h  Dr , Ray Gause and Mr , J i m  Hoop of MSFC r e v e a l e d  t h a t  
this i n s t r u m e n t  was d i r e c t l y  a p p l i c a b l e  t o  t h i s  p a r t i c u l a r  problem, A 
cornplate d e s c r i p t i o n  of t h e  i n s t r u m e n t  was g i v e n  t o  t h e  problem o r i g i n a -  
tor, who has  s t a t e d  t h a t  h e  would l i k e  t o  o b t a i n  such  a u n i t  f o r  h i s  
exper l~nen tak  s t u d i e s .  E f f o r t s  are now b e i n g  made t o  o b t a i n  t h e  l o a n  of 
the MSPC bone d e n s i t o m e t e r  for the Ochsner r e s e a r c h e r ,  



?PXBLEM TU-3 Lung Sound De-teetion 

A technique developed t o  analyze sounds of a i r c r a f t  engines is  be ing  
a p p l l e d  t o  s tudy  r e s p i r a t o r y  d i seases  i n  ch i ld ren .  

The ieajor cause of i l l n e s s  in. c h i l d r e n  from infancy through adolescence 
i s  r e s p i r a t o r y  d i s e a s e  of which t h e  s e r i o u s  forms inc lude  asthma, c y s t i c  
.fiSrcsis, and b r o n c h i t i s ,  S i g n i f i c a n t  research  i s  be ing  conducted both 
i n  the causes and cures  of r e s p i r a t o r y  d i seases  and i n  b e t t e r  methods of 
diagncpsris of t h e  d i s e a s e s ,  This  problem s ta tement  i s  devoted t o  f i nd ing  
a method of improved d iagnos is  which w i l l  improve t h e  t rea tment  of res -  
p-i.ratory d i s e a s e s .  

mi) i n e  r e s p i r a t o r y  system c o n s i s t s  of t h e  lungs and t h e  system of tubes o r  
duccs which feed  air  i n t o  t h e  lungs ,  A i r  proceeds from t h e  nose and 
mouth through t h e  t r achea  wliich i s  t h e  c e n t r a l  a i r  d u c t ,  From t h i s  cen- 
tral tube, two branches d iverge  t h a t  eventua l ly  feed  a i r  i n t o  t h e  two 
lungs, These two branches,  c a l l e d  t h e  l e f t  and r i g h t  bronchus, eventua l ly  
s u b d ~ v i d e  s t i l l  f u r t h e r  i n t o  sma l l e r  tubes c a l l e d  b ronch ia l  tubes .  Each 
brrsncklial tube feeds  a i r  i n t o  and out  of a  s e c t i o n  of t h e  lung9  and each 
cube has a symmetrical coun te rpa r t  i n  t h e  o t h e r  l ung ,  

One u s e f u l  and s imple  method t o  determine whether a po r t ion  of t h e  lung 
i s  performing proper ly  is t o  l i s t e n  t o  t h e  sounds made by a i r  flow. 
Usua.ll_y t h i s  i s  done wi th  a  s te thoscope ,  b u t  only one s e c t i o n  of t h e  lung 
can be  heard a t  a time. To compare s e c t i o n s  of t h e  lung,  i t  would b e  
useful t o  b e  a b l e  t o  compare t h e  sounds generated by a  s e c t i o n  of t h e  
Lung wi th  t h e  sounds generated by t h e  symmetrical counterpar t  i n  t h e  
o ther  lung,  

The b a s i c  problem is t o  d e t e c t  t h e  sounds from two s e c t i o n s  of t h e  ches t  
wall by *?li.crophones and d i sp l ay  t h e  sounds g raph ica l ly .  Comparison w i l l  
LP made on t h e  amplitude, frequency, and t ime i n t e r v a l  between appearance 
of the two sounds. 

The f requencies  of i n t e r e s t  w i l l  b e  50-25,000 Nz. Breathing r a t e s  nor- 
mally w i l l  b e  25 brea ths /minute  although a  range of 12 t o  80 may occur ,  
The  a ~ n p l i t u d e  of t h e  sounds of i n t e r e s t  i s  no t  known, Measurements w i l l  
be made on c h i l d r e n  from infancy  t o  adolescence i n  a h o s p i t a l  c l i n i c ,  

I n  the b a s i c  d e s c r i p t i o n  of t h e  problem, t h e  r e sea rche r  d e s i r e d  simply 
a s t ~ i p  c h a r t  r eco rde r  and microphone c o d i n a t i o n .  However, t h e  Team 
advised him t h a t  f a r  more informat ion  could b e  gained by going t o  specs- 
rraL a n a l y s i s  such as had been used i n  analyzing a i r c r a f t  engines.  A 
d i f f s c u l t y  a r i s e s  i n  s p e c t r a l  a n a l y s i s  i n  t h a t  r e a l  time s p e c t r a l  a n a l y s i s  
i s  r equ i r ed  because s f  t h e  r a p i d l y  changing informat ion  i n  lung sound, 
231~s a simple scanning f i l t e r  s p e c t r a l  a n a l y s i s  technique was i n s u f f i c i e n t  
because of t h e  t ime response r equ i r ed ,  A computer s ea rch  of t h e  NASA 
docun~ent f i l e  revea led  t h a t  NASA had dope cons iderable  work i n  s p e c t r a l  
ana lys i s - -pa r t i cu l a r ly  as p e r t a i n s  t o  a i r c r a f t  engines and v i b r a t i p n  f o r  
irZ2ration t e s t i n g  of s p a c e c r a f t .  Tlne Team proposed t o  t h e  phys ic ian  a  
systea,  shown i n  F igure  14 ,  composed of a microphone, a m p l i f i e r ,  and 
el~velope d e t e c t o r  which could b e  f e d  t o  a dual-channel s t r i p  c h a r t  re-  
carder, This  dual-channel system would allow time delay measurement f o r  
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F i g u r e  14.  Block Diagram of Lung Sound Ana lys i s  System 

r e s p i r a t o r y  sounds between s i m i l a r  l o b e s .  I n  a d d i t i o n ,  t h e  o u t p u t  of t h e  
a m p l i f i e r  cou ld  be  f e d  i n t o  a s p e c t r a l  a n a l y z e r  s i m i l a r  t o  t h a t  used i n  
a e r o s p a c e  a p p l i c a t i o n s .  

'Xhe XASA c o n t r a c t o r  who s u p p l i e s  t h e  s p e c t r a l  a n a l y s i s  equipment i s  
p r e s e n t l y  d i s c u s s i n g  a  j o i n t  i n v e s t i g a t i o n  w i t h  t h e  p h y s i c i a n  on a  spec-  
tral a n a l y z e r  s p e c i f i c a l l y  f o r  r e s p i r a t o r y  a n a l y s i s .  The c o n t r a c t o r  h a s  
agreed  t o  f u r n i s h  t h e  equipment a t  a f r a c t i o n  o f  t h e  normal c o s t ;  i n  
c e tu rn ,  t h e  p h y s i c i a n  w i l l  p r o v i d e  t h e  medical  c o n s u l t a t i o n  n e c e s s a r y  t o  
develop t h i s  new p r o d u c t .  

TSe Team f e e l s  t h a t  t h i s  h i g h l y  s i g n i f i c a n t  p o t e n t i a l  technology a p p l i -  
catLo11 w i l l  r e s u l t  i n  a new d i a g n o s t i c  t o o l  of p a r t i c u l a r  importance i n  
the  p e d i a t r i c  f i e l d  f o r  d e t e c t i o n  of asthma, c y s t i c  f i b r o s i s ,  and bron- 
c h i t i s .  

i)Riii)KLIZM TU-3 Human Voice Analysis 

An a z r o s p a c e  t e c h n i q u e  f o r  improving speech  t r a n s m f a s i o n  from a i r c r a f t  
i s  b e i n g  a p p l i e d  i n  a n a l y z i n g  speech  d e f e c t s .  

Approximately 6-7% of t h e  p o p u l a t i o n  i s  c o n s i d e r e d  to have  e i t h e r  tempo- 
r a r y  o r  c h r o n i c  speech  d e f e c t s .  I n  c h r o n i c  c a s e s ,  i n a d e q u a t e  unders tand-  
i n g  of t h e  causes  of speech d e f e c t s  hampers t r e a t m e n t .  For example, one 
speech  d e f e c t  i s  c h a r a c t e r i z e d  by a p i t c h  t h a t  i s  e i t h e r  t o o  h i g h  o r  t o o  
low and can  b e  caused by c o n t a c t  u l c e r s ,  p o l y p s ,  po lypo id  d e g e n e r a t i o n ,  
o r  c h r o n i c  l a r y n g i t i s .  



A t e c h n o l o g i c a l  impediment e x i s t s  i n  t h e  a n a l y s i s  of speech d e f e c t s  
because oE t h e  i n a b i l i t y  t o  p r e c i s e l y  q u a n t i z e  c h a r a c t e r i s t i c s  of t h e  
human v ~ i c e ,  Th is  i s  f u r t h e r  complicated by t h e  f a c t  t h a t  many changes 
i n  the hurnari v o i c e  a r e  e a s i l y  d e t e c t e d  by t h e  ear b u t  a r e  o f t e n  q u i t e  
subtle i n  t h e i r  s p e c t r a l  d e n s i t y  o r  f requency changes.  A number of 
tecliniqt~es have been employed i n  an  a t t e m p t  t o  q u a n t i z e  t h e  human v o i c e ,  
b u t  20 date no t echn ique  h a s  been found which p e r m i t s  t h e  t h e r a p i s t  t o  
measure changes i n  t h e  human v o i c e  b e f o r e  and a f t e r  t h e r a p y .  

Speech c o n s i s t s  of a b road  fundamental  f requency and many harmonics .  
Sna l l  s h r f t s  i n  fundamental  f requency and ampl i tude  cause  l a r g e  changes 
i n  the Pluman v o i c e .  Frequency spectrum a n a l y s i s  must b e  a b l e  t o  d e t e c t  
fundamenLaP f r e q u e n c i e s  t h a t  r ange  from as low a s  50 Hz f o r  low-pitched 
maLe voices t o  more t h a n  400 Hz f o r  h igh-p i t ched  c h i l d r e n ' s  v o i c e s ,  The 
tec l~nique  must measure fundamental  f r e q u e n c i e s  t o  a p r e c i s i o n  of 1 cps 
and ampl i tude  t o  a p r e c i s i o n  of 1 db. The a n a l y s i s  t e c h n i q u e  must t a k e  
i n i o  account b o t h  fundamental  f requency and harmonics and t h e i r  r e l a t i o n  
to che fundamental  f requency.  Although n o t  r e q u i r e d ,  r e a l  t ime a n a l y s i s  
i s  des i rak~ le ,  

A cuxnputer s e a r c h  of t h e  NASA document f i l e  was conducted and 136 c i t a -  
ticns were noted .  Among t h i s  l a r g e  number, s e v e r a l  documents appeared 
t o  be  of p a r t i c u l a r  s i g n i f i c a n c e  i n  t h a t  they d i s c u s s e d  speech a n a l y s i s  
and, i n  p a r t i c u l a r ,  f a s t  F o u r i e r  t r a n s f o r m  a s  a p p l i e d  t o  speech a n a l y s i s .  
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Figure  15 .  Block Diagram of Voice Ana lys i s  System 



These documents were  concerned w i t h  de te rmin ing  t h e  s p e c t r a l  d i f f e r e n c e s  
between s e v e r a l  languages  and i n  v o i c e  d e t e c t i o n  from a n o i s y  environment 
(for example, s p a c e c r a f t ) .  The t e c h n i q u e s  d i s c u s s e d  i n  t h e  documents ap- 
peared t o  b e  d i r e c t l y  r e l e v a n t  t o  t h e  problem of speech  t h e r a p y ,  and 
the problem o r i g i n a t o r  expressed  s t r o n g  i n t e r e s t  i n  pursu ing  t h i s  approach.  
Che u s e  of t h e  f a s t  F o u r i e r  t r a n s f o r m  and a d i g i t a l  computer f o r  a n a l y s i s  
was cf e x c e p t i o n a l  i n t e r e s t  because  o f  t h e  a v a i l a b i l i t y  of a  computer 
c a p a b l e  of h a n d l i n g  t h e  f a s t  F o u r i e r  t r a n s f o r m  a n a l y s i s  a t  t h e  Tulane 
U n i v e r s i t y  School of Medicine.  T h i s  computer was i n  t h e  Neurology 
De?artment,  b u t  ar rangements  were  made f o r  i t s  u s e  by t h e  Otolaryngology 
Department.  A t  t h e  p r e s e n t  t i m e ,  t h e  f a s t  F o u r i e r  t r a n s f o r m  t e c h n i q u e s ,  
o u t l i n e d  i n  F i g u r e  1 5 ,  a r e  b e i n g  implemented on t h e  d i g i t a l  computer f o r  
a n a l y s i s  of tape-recorded speech ,  and comparisons are b e i n g  made b e f o r e  
and a f t e r  t h e r a p y .  The i n i t i a l  p o r t i o n  of t h e  s t u d y  i s  t o  e s t a b l i s h  a  
b a s e l i n e  of i n f o r m a t i o n  from which changes can  b e  documented. The physi -  
c i a n  h a s  i n d i c a t e d  t h a t  t h e  i n i t i a l  r e s u l t s  a r e  f a v o r a b l e ,  and i t  i s  
a n e i c i p a t e d  t h a t  a n  advance i n  speech  the rapy  w i l l  r e s u l t .  

13110BLEI'11 TU-10 Quantiza-tion of Heart Tissue Hardness 

J 'echniques developed t o  s t u d y  a e r o s p a c e  m a t e r i a l s  have  been  used t o  s t u d y  
t i l e  human h e a r t  d u r i n g  p a t h o l o g i c a l  examinat ion.  

ixamirzation of t h e  v a r i o u s  o rgans  of t h e  human body f o l l o w i n g  d e a t h  c a n  
r e v e a l  n o t  on ly  t h e  c a u s e  of d e a t h ,  b u t  o t h e r  c o n d i t i o n s  a f f e c t i n g  t h e  
p e r s o n  a t  t h e  t ime of d e a t h .  Research a t  t h e  Tulane U n i v e r s i t y  School  o f  
Medicine h a s  shown t h a t  i n  some c a s e s ,  a p e c u l i a r  s o f t e n i n g  o f  t h e  h e a r t  
t i s s u e  can  b e  s e e n  i n  p a t i e n t s  t h a t  d i d  n o t  d i e  o f  h e a r t  d i s e a s e .  The 
c a u s e  o f  t h i s  unusua l  s o f t e n i n g  i s  n o t  known, b u t  a  number of f a c t o r s  a r e  
b e l i e v e d  t o  b e  i m p o r t a n t ,  For example, t h e r e  a p p e a r s  t o  b e  a n  i n f a r c t i o n  
and a d e f i n i t e  s o f t n e s s  i n  t h e  h e a r t  t i s s u e .  The r e a s o n s  f o r  t h i s  a r e  
being s t u d i e d  i n  e x p e r i m e n t a l  work u s i n g  r a t s  i n  which t h e  b lood  i s  c u t  
off t e m p o r a r i l y  from p o r t i o n s  of t h e  h e a r t  i n  o r d e r  t o  d i s c o v e r  t h e  
changes i n  t h e  h e a r t  t i s s u e .  S imul taneous ly ,  s t u d i e s  a r e  b e i n g  conducted 
on human h e a r t s  i n  au topsy  examinat ions  t o  de te rmine  whether  t h i s  s o f t  
r e g i o n  can b e  a t t r i b u t e d  t o  any known c o n d i t i o n  of t h e  human p r i o r  t o  
death, I n  o r d e r  t o  c a r e f u l l y  c h a r a c t e r i z e  t h e s e  s o f t  r e g i o n s ,  a  means 
of measuring s o f t n e s s  of t h e  h e a r t  t i s s u e  i s  r e q u i r e d .  The r e s e a r c h e r  
has a t t empted  t o  u s e  a  c o n v e n t i o n a l  eye  tonometer f o r  t h i s  purpose ,  b u t  
the r e s u l t s  have n o t  been  r e p r o d u c i b l e .  

The Team performed a computer s e a r c h  of t h e  NASA document f i l e  on measur- 
i n g  i lardness  of s o f t  m a t e r i a l s  such a s  sponge r u b b e r s  and p l a s t i c s .  T h i s  
s e a r c h  r e v e a l e d  t h a t  M r .  John S c h e l l  o f  M a r s h a l l  Space F l i g h t  Cen te r  had 
condacted exper iments  on a  v a r i e t y  of h a r d n e s s  t e s t i n g  t echn iques  which 
appeared t o  b e  a p p l i c a b l e  t o  t h i s  problem. The Team v i s i t e d  MSFC f o r  
d i s c u s s i o n s  w i t h  M r .  S c h e l l  and d i s c o v e r e d  t h a t  anumber of t e c h n i q u e s  
i n  c u r r e n t  u s e  a t  PfSFC were  a p p l i c a b l e  t o  t h i s  problem. M r .  S c h e l l  n o t  
on ly  r n d i c a t e d  t h e  t y p e  of i n s t r u m e n t  r e q u i r e d  f o r  t h i s  purpose  b u t  a l s o ,  
of more impor tance ,  i n d i c a t e d  t h e  p rocedures  n e c e s s a r y  t o  o b t a i n  repro-  
d u c i b l e  r e s u l t s .  T h i s  i n f o r m a t i o n  was t h e n  r e l a y e d  t o  t h e  p h y s i c i a n  a t  
Tularle U n i v e r s i t y  School  of Medicine who purchased a s p e c i a l  i n s t r u m e n t  
(shown i n  F i g u r e  16)  which had been  modi f i ed  f o r  h i s  purposes  by M r .  S c h e l l ;  



F i g u r e  1 6 ,  Hardness T e s t e r  f o r  Human T i s s u e  

the p h y s i c i a n  a l s o  i n c o r p o r a t e d  M r ,  S c h e l l "  s u g g e s t i o n s  i n  h i s  t e s t i n g  
procedures. The exper iments  by t h e  p h y s i c i a n  a r e  c u r r e n t l y  underway 
u:$h: z i n g  t h e  NASA t e c h n i q u e s ,  and t h e  r e s u l t s  t o  d a t e  have been success-  
Eul,  It i s  a n t i c i p a t e d  t h a t  t h e  r e s u l t s  of t h i s  exper iment  w i l l  have 
great niedieal s i g n i f i c a n c e .  

~~llPl"li:LEl\X TU- 2 2  X-Ray Microp Zanigraph 

An aeros2ace method used f o r  a n a l y s i s  of p r i n t e d  c i r c u i t  boards  i s  b e i n g  
apgiied t o  o b t a i n  improved X-ray t echn iques  of cancer  d e t e c t i o n .  

Cancer i s  t h e  second l a r g e s t  c a u s e  of d e a t h  i n  t h i s  coun t ry  and, accord ing  
to a recent s u r v e y ,  i s  t h e  d i s e a s e  most f e a r e d  by t h e  American people .  
The stare of  cancer  t r e a t m e n t  today i s  such t h a t  g e n e r a l l y  t h o s e  c a n c e r s  
which a re  found e a r l y  can b e  s u c c e s s f u l l y  t r e a t e d .  The easiest cancers  
t o  c ie tec t  are t h o s e  t h a t  a r e  on t h e  s u r f a c e  o f  t h e  body, and t h o s e  most 
difficult t o  d e t e c t  a r e  t h o s e  deep w i t h i n  t h e  body. Thus, c a n c e r s  a r i s i n g  
deep wirhin t h e  body u s u a l l y  r e s u l t  i n  t h e  d e a t h  of t h e  p a t i e n t  because  
detection of t h e  cancer  occurs  t o o  l a t e .  

TI: i s  d e s i r a b l e  t o  develop an  ins t rument  capak le  of d e t e c t i n g  tumors deep 
w i t h i n  the body. I n  a d d i t i o n ,  i t  i s  d e s i r a b l e  t o  b e  a b l e  t o  de te rmine  
whet:aer or n o t  t h e  tumor i s  malignanc o r  benign and t h e  e x t e n t  t o  which 
the tumor h a s  s p r e a d .  One common method of d e t e c t i n g  tumors i s  by X-ray. 
U n f o r t u n a t e l y ,  when t h e  e n t i r e  body i s  X-rayed, s m a l l  tumors cannot  b e  
detected because  t h e  background l e v e l  of s i g n a l  of t h e  X-ray i s  v a s t l y  
increased by t h e  t h i c k n e s s  of t h e  body. It would b e  h i g h l y  d e s i r a b l e  t o  
devi:bkop a technrique whereby X-rays cou ld  b e  made of lamina r e g i o n s  on ly .  
Thus, the X-rays could  b e  made of t h i n  laminae and s m a l l e r  tumors could 



b e  de tec ted .  The b a s i c  problem then is  t o  develop a method whereby X-rays 
of t h i n  laminae can b e  made of a p a t i e n t  i n s t e a d  of t h e  convent ional  
X-ray technique. 

The technique of making X-rays of t h i n  laminae wi th  high r e s o l u t i o n  is  
called X-ray microplanigraphy. This technique has  been t h e o r e t i c a l l y  pos- 
sible lEor many yea r s .  Recently,  a development i n  NASA has  s i g n i f i c a n t l y  
increased  t h e  p o s s i b i l i t y  of developing such a technique,  NASA developed 
such a technique f o r  i n spec t ing  mul t i l aye r  p r i n t e d  c i r c u i t  boards l a y e r  
by l a y e r  w i th  a r e s o l u t i o n  of 0 ,001  inch ,  This technique has been w e l l  
developed by a NASA con t r ac to r  a t  I l l i n o i s  I n s t i t u t e  of Technology. 
Bas i ca l ly ,  i t  involves  moving t h e  X-ray source and d e t e c t o r  i n  a p a r t i -  
cular  geometr ical  arrangement i n  such a manner t h a t  only t h i n  laminae a r e  
measured. The work was funded by MSFC, and t h e  Team was appr i sed  of t h e  
work through a computer search .  The Team then contacted MSFC f o r  addi- 
tional information and was r e f e r r e d  t o  t h e  I IT  i n v e s t i g a t o r ,  The prob- 
l e m  o r i g i n a t o r  has  d iscussed  t h i s  technique i n  d e t a i l  wi th  t h e  NASA 
con t r ac to r  and has  decided t h a t  t h i s  work is  h igh ly  r e l e v a n t  t o  h i s  
i n v e s t i g a t i o n ,  An example of t h e  use of t h e  technique is  shown i n  
Figure 17.  

A. Conventional X-Ray Image 
of a Mouse 

B, X-Ray Plan igraphic  Image 
of a Mouse 

Figure 17 

The problem o r i g i n a t o r  has  submit ted a proposal  t o  t h e  National  I n s t i t u t e s  
of Health f o r  development of t h i s  device.  It i s  h igh ly  s i g n i f i c a n t  t h a t  
the  e n t i r e  proposal  i s  based on NASA work. I n  a d d i t i o n  t o  t h e  NASA work 
a t  T I T ,  t h e  problem o r i g i n a t o r  has  re ferenced  a s i g n i f i c a n t  po r t ion  of t h e  
documents d i sc losed  i n  t he  computer search .  Be has  a l s o  acknowledged t h e  
a s s i s t a n c e  of t h e  Team i n  t h e  proposal.  The Team f e e l s  t h a t  i f  t h i s  tech- 
nique can be  implemented, a major d i agnos t i c  t o o l  f o r  cancer  w i l l  be  de- 
veloped, 
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;bi a s ~ a l y t i c  technique developed f o r  aerospace r a d i a t i o n  d e t e c t i o n  i s  
be ing  considered f o r  scanning tumors i n  animals ,  

GalLium-67, a r a d i o a c t i v e  i so tope ,  possesses  t h e  s p e c i a l  p roper ty  of 
concent ra t ing  i n  va r ious  types of tumors when administered o r a l l y  o r  
ir , travenously t o  a p a t i e n t .  The mechanism of ga l l ium uptake is  n o t  w e l l  
urzderstood; i t  i s  not  known whether t h e r e  i s  a d i r e c t  binding: of ga l l ium 
i n  che tumor t i s s u e  o r  b inding  t o  some o t h e r  agent  which i n  t u r n  i s  con- 
c e n t r a t e d  by t h e  tumor. Whichever i s  t h e  case ,  Gallium-67 appears  mainly 
i n  v i a b l e  r a t h e r  than  n e c r o t i c  tumors, En a d d i t i o n ,  s t u d i e s  i n d i c a t e  
that Gallium-67 is  s u p e r i o r  t o  o t h e r  commonly employed tumor-scanning 
agencs i n  abso lu t e  tumor concen t r a t ion  and i n  r a t i o  of tumor t o  normal 
t i s b u e  concent ra t ion ,  These observa t ions  a r e  poss ib ly  t h e  most s i g n i f i -  
can t  r e c e n t  developments i n  nuc lear  medicine. 

By adminis te r ing  Gallium-67 t o  a p a t i e n t  and scanning t h e  body wi th  an 
ins t rument  which w i l l  d e t e c t  t h e  presence of r a d i o a c t i v e  substarrces,  t h e  
l c c a t i o n  a s  w e l l  a s  t h e  s i z e  of a tumor can be  determined, Radio logis t s  
c u r r e n t l y  employ a v a r i e t y  of ca-mera and scanning systems which a r e  use- 
ful in l o c a t i n g  tumors i r ~  humans b u t  a r e  re1ativel.y i n e f f e c t i v e  i n  study- 
ing the response of t h e  tumor t o  therapy ,  I n  o rde r  t o  fol low tumor 
growth on a day-to-day b a s i s ,  a h igh  r e s o l u t i o n  scanning system which is 
s e n s i t i v e  t o  Gallium-67 is  needed. I n  p a r t i c u l a r ,  t he  scanning system 
should b e  s u i t a b l e  f o r  scanning t h e  e n t i r e  bodies of smal l  e w e r i m e n t a l  
a~zimals .  Such a system would o f f e r  a unique oppor tuni ty  t o  s tudy  methods 
of i n k i b i  Ling o r  r e t a r d i n g  tumor growth, 

A s o l u t i o n  t o  t h i s  problem was proposed by D r ,  R. T. Siege l ,  D i r ec to r  of 
th2 Space Radia t ion  E f f e c t s  Laboratory (SREL) which i s  opera ted  by the  
College of William and Mary under suppor t  from Langley Research Center ,  
Dr, S i e g e l P s  sugges t ion  involves  t h e  use  of l i t h i m - d r i f t e d  germaniml 
d e t e c t o r s  t o  ana lyze  t h e  galma r a d i a t i o n  e n i t t e d  dur ing  t h e  decay oE 
Gallium-67. The e x c e l l e n t  r e s o l u t i o n  of t h e s e  d e t e c t o r s  should l e a d  t o  
easy i d e n t i f i c a t i o n  of t h e  primary r a d i a t i o n  and w i l l  g r e a t l y  s imp l i fy  
the co l l ima t ion  procedq~re s i n c e  s c a t t e r e d  r a d i a t i o n  w i l l  normally be  
degraded i n  energy and t h e r e f o r e  e a s i l y  separa ted  from t h e  primary rad ia-  
t m n  of i n t e r e s t .  In-ves t iga tors  a t  SREL a r e  prepar ing  a three-dimensional 
a:omputer-controlled scanning mechanism f o r  u se  i n  r a d i o b i o l o g i c a l  experi-  
ments. D r ,  S i e g e l  suggested t h a t  t h i s  scanning mechanism might b e  used 
t o  c o n t r o l  two 1i;chiuni-drifted germanim d e t e c t o r s  (opera t ing  a t  r i g h t  
angles t o  each o the r )  t o  scan  a tumorous source  i n  t h r e e  dimensions. A 
daca dcqt r i s i t ion  system developed a t  SWL would move a smal l  animal 
r e l a r i v e  t o  t h e  two r a d i a t i o n  d e t e c t o r s  and record  the  p o s i t i o n  of t he  
~miaa.1 a t  a l l  t imes dur ing  t h e  scanning procedure. The § E L  system would 
then produce a map of t h e  a c t i v i t y  of t h e  animal.  

It appears  t h a t  SREL i s  remarkably s u i t e d  t o  s o l v e  t h e  problem of scanning 
small animals.  D r .  S i e g e l  has agreed t o  demonstrate t h i s  system i n  t h e  
near f u t u r e ,  Tumorous mice w i l l  b e  suppl ied  t o  SIiEL by the  Nat iona l  Cancer 
i n s t i t u t e .  



V1.!I)ULdl;[\I IVF- 99 A Means o f  Subjecting an Excised Heart t o  Physio logical  
Pressure Pulses 

A c o n t r o l  sys tem developed by NASA may prove u s e f u l  i n  t h e  s t u d y  o f  
inyocardial  i n f a r c t i o n .  

'1h.e medical  r e s e a r c h e r  is  p r e s e n t l y  p lann ing  a  r e s e a r c h  program i n  which 
methods f o r  de te rmin ing  t h e  i n f a r c t e d  a r e a  of human h e a r t s  w i l l  b e  evalu-  
ated, The o v e r a l l  o b j e c t i v e  o f  t h e  program i s  t o  develop a means whereby 
the presence  of i n f a r c t e d  a r e a s  on t h e  h e a r t  can b e  d e t e c t e d  and t h e  e x a c t  
l o c a t i o n  o f  t h e  i n f a r c t e d  a r e a  d e l i n e a t e d .  During Phase  I of t h i s  p r o j e c t ,  
e x c i s e d  h e a r t s  having i n f a r c t e d  a r e a s  w i l l  b e  p laced  i n  a f l u i d - f i l l e d  
chan~ber s i m u l a t i n g  t h e  c h e s t  c a v i t y .  Var ious  t e c h n i q u e s  w i l l  t h e n  b e  
e v a l u a t e d  f o r  t h e i r  e f f e c t i v e n e s s  i n  d e t e c t i n g  and l o c a t i n g  t h e  i n f a r c t e d  
area, I n  o r d e r  f o r  t h i s  s i m u l a t i o n  t o  b e  r e a l i s t i c ,  i t  i s  n e c e s s a r y  t h a t  
tne  h e a r t  i t s e l f  b e  s u b j e c t e d  t o  p r e s s u r e  p u l s e s  of t h e  magnitude and dura- 
;-Lon of t h e  normal h e a r t  by means of a n  e x t e r n a l  pump, The r e s e a r c h e r  i s  
seeking a pump which can  s i m u l a t e  t h e  volume and f low r a t e s  a long  w i t h  t h e  
pressure and waveshape c h a r a c t e r i s t i c s  of t h e  normal human h e a r t ,  

A manual s e a r c h  r e v e a l e d  a NASA document, TND-6171, "Pneumatic A r t i f i c i a l  
Heart Dr iv ing  System P r o v i d i n g  Quasi-Steady-State R e g u l a t i o n  and P r e s s u r e  
IJ~iveform Cont ro l " ,  by John  A.  Webb, J r . ,  Michael J .  Crosby, and Mi les  0 .  
Dust in  o f  t h e  Lewis Research C e n t e r ,  C leve land ,  Ohio. Th is  document 
d i s c u s s e s  t h e  d e s i g n  of a n  a r t i f i c i a l  h e a r t  c o n t r o l  sys tem f o r  reproduc ing  
t k e  pumping and f l o w - r e g u l a t i n g  f u n c t i o n s  of t h e  n a t u r a l  h e a r t .  The 
q u a s i - s t e a d y - s t a t e  c h a r a c t e r i s t i c s  of t h e  n a t u r a l  h e a r t  are reproduced 
i n  an a r t i f i c i a l  h e a r t  by means of feedback c o n t r o l .  The sys tem uses  a 
s p e c i a l l y  des igned  se rvo-va lve  t o  p r o v i d e  a d j u s t a b l e  p r e s s u r e  waveforms. 
T h i s  e lement  o f  t h e  a r t i f i c i a l  h e a r t  c o n t r o l  sys tem ( t h e  s p e c i a l l y  des igned  
se rvo-va lve)  p l u s  i t s  c o n t r o l  c i r c u i t r y  i s  d i r e c t l y  a p p l i c a b l e  t o  t h i s  
problem, S i n c e  t h e  f u n c t i o n  o f  t h e  a r t i f i c i a l  h e a r t  d r i v i n g  sys tem as 
a u t i i n e d  i n  TND-6171 i s  t o  p r o v i d e  p r e s s u r e  waveforms s i m u l a t i n g  t h o s e  of 
ehe n a t u r a l  h e a r t ,  t h i s  e lement  of t h e  sys tem i s  d i r e c t l y  a p p l i c a b l e  t o  
s i m u l a t i n g  t h e  p r e s s u r e  p u l s e  magnitude and d u r a t i o n  o f  t h e  normal h e a r t  
which i s  r e q u i r e d  i n  t h e  e x c i s e d  h e a r t s  which w i l l  b e  t e s t e d  d u r i n g  
Phase I of  t h i s  p r o j e c t .  The r e s e a r c h e r  h a s  i n c o r p o r a t e d  t h i s  u n i t  i n t o  
the  p l a n n i n g  f o r  h i s  r e s e a r c h  program as w e l l  as i n  a p r o p o s a l  t o  t h e  
National Heart and Lung I n s t i t u t e .  Funds i n  t h e  amount of $186,000 a r e  
being sought  i n  s u p p o r t  of t h i s  program. A t  t h e  same t i m e ,  t h e  r e s e a r c h e r  
has begun a  r e s e a r c h  program t o  g a t h e r  t h e  p r e l i m i n a r y  d a t a  f o r  Phase  I. 
T h i s  work  w i l l  no doubt  b e  accomplished by t h e  r e s e a r c h e r  even i f  fund ing  
@;Lanot b e  o b t a i n e d .  The e x p e r i m e n t a l  a p p a r a t u s  n e c e s s a r y  t o  perform 
31ese I a r e  b e i n g  g a t h e r e d .  I n  a d d i t i o n  i n f o r m a t i o n  concern ing  t h e  servo-  
valve and i t s  c o n t r o l  c i r c u i t r y  i s  b e i n g  sought  from t h e  Lewis Research 
C e n t e r  f o r  i n c l u s i o n  i n  t h e  Phase  I work. 

2,3 Impacts  

The A p p l i c a t i o n  Team's e f f o r t s  o f t e n  p r o v i d e  a  s i g n i f i c a n t  
b e n e f i t  t o  t h e  r e s e a r c h e r  even though no technology a p p l i c a t i o n  h a s  been  
accomplished.  During t h i s  r e p o r t i n g  p e r i o d ,  Team a c t i v i t i e s  had a  



s ~ g n L f i c a n t  impact on t h e  r e s e a r c h e r "  a c t i v i t i e s  i n  f o u r  such problems 
wh.sck~ a:? d i s c u s s e d  i n  "re f o l l o w i n g  summaries: 

PCS:XLLM Y E  - 79 Computer Processing of Chromosome Data 

211: r e s e a r c h e r ,  a  g e n e t i c i s t ,  i s  engaged i n  a  r e s e a r c h  program t o  pe rmi t  
rhc d e t e c t i o n  of mongolism i n  unborn f e t u s e s  s u f f i c i e n t l y  e a r l y  t o  pe rmi t  
i :ncrapeutic a b o r t i o n .  Techniques f o r  accomplishing t h i s  determination 
ard a v a i l a b l e ;  indeed ,  they  a r e  no more d i f f i c u l t  t h a n  de te rmin ing  t h e  
ssx OE ~Zle  f e t u s ,  Elowever, they  r e q u i r e  t h e  sampling of l a r g e  numbers 
cf b l o o d  c e l l s ,  s o  t h a t  t h e  p r o c e s s  i s  n o t  amenable t o  mass s c r e e n i n g .  

Tile g r e a t e s t  b e n e f i t s  can b e  d e r i v e d  from t h i s  t echn ique  on ly  i f  i t  can 
h ,  a 2 p ~ i e d  t o  t h e  e n t i r e  p regnan t  female  p o p u l a t i o n ,  For example, t h e r e  
a r e  1-50 nongoloids  born  i n  North C a r o l i n a  each y e a r .  The c o s t  d u r i n g  
c ' ie  aaongoloidk l i f e t i m e  t o  t h e  S t a t e  i s  between $50,000 and $100,000. 
3 "  ;?1>13 test could  b e  a p p l i e d  t o  t h e  e n t i r e  p regnan t  female  p o p u l a t i o n  of 
tl-t S t a t e  of  North C a r o l i n a ,  t h e r e  would a c c r u e  a  s a v i n g  of approximately  
S!?,300,000 each y e a r .  Mongolian i d i o c y  i s  t h e  major s i n g l e  cause  of 
s e v e r e  mental  d e f i c i e n c y ,  and t h e  e l i m i n a t i o n  o f  mongolism would r e s u l t  
1 1 1  ZL :LI10 p e r c e n t  r e d u c t i o n  i n  t h e  number of peop le  i n  S t a t e  mental  i n s t i -  
- n r i c ~ a s  The n a t i o n a l  s a v i n g  could  b e  e x t r a p o l a t e d  by c o n s i d e r i n g  t h a t  
a?prox-nntely 6,000 mongoloids a r e  b o r n  i n  t h i s  coun t ry  a n n u a l l y ,  

A s  p r e s e n t l y  accomplished,  a  t e c h n i c i a n  examines blood c e l l s  from t h e  
m3;ernal b lood ,  In o r d e r  t o  o b t a i n  enough f e t a l  b lood c e l l s  t o  b e  s t a t i s -  
t-:a?ly s i g n i f i c a n t ,  t h e  t e c h n i c i a n  must examine approximately  1200 c e l l s  - r ~ i s c ,  the w h i t e  c e l l s  a r e  examined and t h e  p o s i t i o n s  of t h o s e  t h a t  a r e  
? s k i d i n g  a r e  n o t e d ,  us ing  a  p r o j e c t i o n  a t t achment  t o  t h e  microscope.  The 
t . c ? t p ? .  n,umber i s  o b t a i n e d ,  Then i t  i s  necessa ry  t o  go back and look  a t  
each cell i n  d e t a i l  under h i g h e r  m a g n i f i c a t i o n .  Under h i g h  m a g n i f i c a t i o n ,  
~rlle rnromosomes of each c e l l  a r e  c l a s s i f i e d ,  Some of t h e  chromosome types  
a r e  &normal,  and t h e  p resence  of s p e c i f i c  abnormal types  p e r m i t s  
c o r r e l a t i o n  w i t h  p a r t i c u l a r  d i s e a s e  anomal ies ,  There  i s  a  p a r t i c u l a r  
ch.rcmosornal a b e r r a t i o n  a s s o c i a t e d  w i t h  mongolism. A normal pe rson  h a s  46 
cti~o:,zssoaies which c o n s i s t  of two each of 22 t y p e s  p l u s  X and Y s e x  chromo- 
somes, Mongoloids have a n  e x t r a  t y p e  21  o r  t y p e  22 chromosome o r  p a r t  of 
a ci/ronosome. There  a r e  two t y p e s  ( n o t e  i n  t h e  fo l lowing  examples,  21 
can b e  r e a d  a s  e i t h e r  t y p e  21 o r  t y p e  22 chromosomes), a s  f o l l o w s :  

(1) Priplo-21,  i n  which t h e  i n d i v i d u a l  h a s  47  chromosomes 
w i t h  t h r e e ,  i n s t e a d  of two, t y p e  21  chromosomes. 

( 2 )  T r a n s l o c a t i o n  mongolism, i n  which t h e  e x t r a  t y p e  21 
chromosome h a s  become a t t a c h e d  t o  one of t h e  chromo- 
somes n o t  a s s o c i a t e d  w i t h  t h e  s e x  of t h e  i n d i v i d u a l .  
Genera l ly ,  t h e  e x t r a  t y p e  2 1  becomes a t t a c h e d  t o  one 
of t h e  t y p e  1 5  chromosomes, s o  t h a t  t h e  i n d i v i d u a l  h a s  
46 chromosomes. I n  t h i s  c a s e  t h e r e  a r e  two normal type  
21 chromosomes, b u t  on ly  one normal type 1 5  chromosome, 
The abnormal chromosome i s  t h e  j o i n e d  15-21 chromosome. 

Anctnes i ~ n p o r t a n t  f a c t o r  i n  mongolism i s  t h a t  t h e  i n c i d e n c e  of mongolism 
1-n:reaass w i t h  t h e  age  of t h e  mother.  For example, a  woman of 20 h a s  one 
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~hance i n  3,030 of producing a mongoloid,  w h i l e  a woman of 45 h a s  one 
chance i n  40. 

Ihis icarotyping (chromosome c l a s s i f i c a t i o n )  must b e  done on t h e  f  e t a 1  
b lood  c e l l s .  F e t a l  b lood  c e l l s  a r e  p r e s e n t  i n  ve ry  s m a l l  c o n c e n t r a t i o n s  
i n  the m a t e r n a l  b l o o d ,  Blood samples a r e  t a k e n  from t h e  mother ,  hence 
the m a j o r i t y  of b lood  c e l l s  t h u s  o b t a i n e d  a r e  m a t e r n a l  c e l l s .  

f w u  zpproaches  can b e  t a k e n  t o  reduce  t h e  t i m e  r e q u i r e d  i n  k a r o t y p i n g  
b l o o d  f o r  d e t e c t i n g  mongolism. F i r s t ,  a  means of p r o c e s s i n g  t h e  blood 
sample  s o  as t o  e n r i c h  t h e  number of f e t a l  c e l l s  w i t h  r e s p e c t  t o  m a t e r -  
nal c e l l s  would s i g n i f i c a n t l y  r e d u c e  t h e  s c r e e n i n g  t i m e .  One phase  of 
che r e s e a r c h e r ' s  program is  aimed a t  t h i s  a s p e c t  of t h e  problem. 

Second, d a t a  p r o c e s s i n g  t e c h n i q u e s  can b e  a p p l i e d  t o  t h e  problem t o  
speed up t h e  s c r e e n i n g  p r o c e s s ,  There  a r e  two l e v e l s  a t  which computer 
i ? rocess ing  cou ld  b e  used t o  advantage:  

(1) The computer can  b e  used t o  s t o r e  t h e  daka,  t o  n o t e  t h e  
p o s i t i o n  of t h e  i n d i v i d u a l  c e l l s ,  and t o  a c c e s s  t h e  c e l l s  
on t h e  microscope s l i d e  f o r  k a r o t y p i n g  w i t h  v i s u a l  d i s -  
c r i m i n a t i o n  and c l a s s i f i c a t i o n  b e i n g  performed by t h e  
t e c h n i c i a n .  

( 2 )  By employing d i g i t a l  image p r o c e s s i n g  and p a t t e r n  recogni-  
t i o n  t e c h n i q u e s ,  t h e  computer can  b e  made t o  pe r fo rm t h e  
k a r o t y p i n g  as w e l l  as t h e  d a t a  p r o c e s s i n g ,  

11 t h e  k a r o t y p i n g  i s  performed by means of a  computer,  a  s c a n n e r  of some 
type i s  r e q u i r e d .  I n  a d d i t i o n ,  a more s o p h i s t i c a t e d  computer i s  r e q u i r e d  
than  t h e  computer t h a t  would b e  needed t o  perform t h e  f i r s t  o p t i o n .  
Because of t h e  equipment c o s t  and complex i ty ,  i t  is expected t h a t  t h e  
f i r s c  o p t i o n  w i l l  b e  e x e r c i s e d  w i t h  p o t e n t i a l  expansion of t h e  sys tem t o  
p e r m i t  a u t o m a t i c  computer k a r o t y p i n g  f o r  mongolian i d i o c y .  

campucer s e a r c h  of t h e  a e r o s p a c e  l i t e r a t u r e ,  "Chromosomal Image Process -  
ing," "1851 and a manual s e a r c h  were  made and d e l i v e r e d  t o  t h e  r e s e a r c h e r ,  
O f  p a r t i c u l a r  i n t e r e s t  was Tech B r i e f  BS9-10088 and a  number o f  documents 
on the d i g i t a l  image p r o c e s s i n g  t e c h n i q u e s  developed by D r ,  Rober t  Nathan 
a t  the NASA J e t  P r o p u l s i o n  L a b o r a t o r i e s ,  Ln a d d i t i o n ,  because  of p r e v i o u s  
d i s c u s s i o n s  by t h e  Team w i t h  r e s e a r c h e r s  a t  t h e  Goddard Space F l i g h t  Cen te r  
I n  ehe f i e l d  of o p t i c a l  d a t a  p r o c e s s i n g ,  t h e  a p p l i c a t i o n  of o p t i c a l  d a t a  
p r o c e s s i n g  was s u g g e s t e d  t o  t h e  r e s e a r c h e r ,  C o n s u l t a t i o n  between o p t i c a l  
data p r o c e s s i n g  p e r s o n n e l  a t  RTI and t h e  medica l  r e s e a r c h e r  were  a r r a n g e d ,  
The i n f o r m a t i o n  r e s u l t i n g  from t h e s e  documents and c o n s u l t a t i o n s  h a s  
r e s u l t e d  i n  t h e  p r e p a r a t i o n  of a p r o p o s a l  t o  t h e  N a t i o n a l  I n s t i t u t e s  o f  
h e a l t h  i n  t h e  amount o f  $70,000.  I n f o r m a t i o n  f u r n i s h e d  by t h e  Team and 
c o n s u r - t a t i o n  by RTI s c i e n t i s t s  were  d i r e c t l y  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  
of this g r a n t ,  I n  f a c t ,  t h e  Research T r i a n g l e  I n s t i t u t e  i s  a s u b c o n t r a c t o r  
i n  this p r o p o s a l  t o  t h e  r e s e a r c h e r  f o r  t h e  purpose  o f  performing t h e  
equipment d e s i g n  and o p t i c a l  d a t a  p r o c e s s i n g  invo lved  i n  t h i s  p r o p o s a l .  

PROBLEF? WE-89 Animal Restraints for Primates 

i l i c e u i o s c l e r o s i s  is  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary  
d i s e a s e ,  The b u i l d u p  o f  e x t r a n e o u s  material w i t h i n  t h e  a r t e r i a l  sys tem 



causcs a r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which c a r r y  
L i f e - g i v i n g  oxygenated blood t o  t h e  body t i s s u e s .  Th i s  narrowing of t h e  
a r r e r i e s  can occur  s y s t e m i c a l l y  o r  l o c a l l y .  When t h e  a r t e r i e s  a r e  narrowed, 
\tils k l a o d  flow t o  t h e  t i s s u e s  i s  reduced.  I f  t h e  blood f low is  reduced 
s u f i : c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by t h e  a r t e r y  d i e s .  I f  t h e  ccro- 
nar> a r t e r i a l  sys tem,  which s u p p l i e s  b lood  t o  t h e  h e a r t ,  i s  t h u s  a f f e c t e d ,  
the part of t h e  h e a r t  t i s s u e  b e i n g  s u p p l i e d  by t h a t  a r t e r y  d i e s .  Th i s  i s  
:ailed a n  i n f a r c t ,  

Narrowing of t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance of t h e  a r t e r t a l  
sys tem.  In an  a t t e m p t  t o  m a i n t a i n  blood supp ly  t o  t h e  t i s s u e ,  t h e  h e a r t  
must work h a r d e r ,  t h u s  imposing a n  a d d i t i o n a l  workload on t h e  h e a r t .  
'her1 c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  i s  a n  a u t o r e g u l a t o r y  feed-  
back- mechanism which causes  d i l a t i o n  of t h e  a r t e r i e s  ( v a s o d i l a t i o r , )  i n  
an attempt t o  compensate f o r  r e d u c t i o n  i n  b lood  supp ly  t o  t h e  t i s s u e .  I n  
a d d i t ~ ~ o n ,  t h i s  v a s o d i l a t i o n  can b e  accomplished by t h e  a d m i n i s t r a t i o n  of 
c e r t a i n  d rugs  ( v a s o d i l a t o r s ) ,  These drugs  a r e  f r e q u e n t l y  employed i n  
*:reg tmat of a r t e r i a l  d i s e a s e  and a s s o c i a t e d  problems where t h e  o b j e c t i v e  
i s  i c  improve t h e  b lood  supp ly  t o  t h e  t i s s u e s .  However, much i s  n o t  under- 
s t o c d  about t h e  mechanisms and e f f e c t s  of t h e s e  d rugs .  Th is  r e s e a r c h  
prop,ram i s  des igned  t o  o b t a i n  t h i s  i n f o r m a t i o n  on v a r i o u s  v a s o d i l a t o r s  t o  
p e r n ~ l t  t h e i r  more e f f e c t i v e  use .  

The investigator h a s  accomplished e x t e n s i v e  r e s e a r c h  t o  de te rmine  t h e  
e f f e c t s  cf v a s o d i l a t o r s  on dogs u s i n g  open c h e s t  methods. The n e x t  phase 
o f  the r e s e a r c h  program r e q u i r e s  t h e  use  of r h e s u s  monkeys u s i n g  c l o s e d  
chzs t  nethods. The monkeys w i l l  b e  ins t rumented  t o  measure blood f low,  
5 l o c d  p r e s s u r e ,  t empera tu re ,  and ECG.  The s e n s o r s  w i l l  b e  implanted by 
\>pen chest s u r g e r y ,  and t h e  animal w i l l  t h e n  b e  sewn up,  The monkeys 
wiii oe ~ n o n i t o r e d  f o r  t h r e e  t o  s i x  months d u r i n g  t h e  c o u r s e  of t h e  s t u d y .  
3u-ing t h i s  p e r i o d  t h e  monkeys must b e  r e s t r a i n e d  from a c t i v i t i e s  which 
k ~ a u l d  p o t e n t i a l l y  impa i r  o r  damage t h e  i n s t r u m e n t a t i o n ,  A s  a  r e s u l t  of  
,he B i o s a t e l i i t e  Program and NASA r e s e a r c h  i n v o l v i n g  monkeys, i t  was 
felt by the r e s e a r c h e r  t h a t  animal  r e s t r a i n t  a p p a r a t u s  may have been  b u i l t  
ny LASl"a,which would b e  p o t e n t i a l l y  u s e f u l  i n  t h i s  program, 

Suibe'rsle animal  r e s t r a i n t  a p p a r a t u s  which can b e  employed on r h e s u s  mon- 
keys to preven t  impairment o r  damage t o  i n s t r u m e n t a t i o n  i s  r e q u i r e d .  The 
ap i la ra tws  must pe rmi t  maintenance of t h e  monkeys f o r  p e r i o d s  of t h r e e  t o  
s i x  a:oanths, 

Jseful i n f o r m a t i o n  r e s u l t e d  from c o n t a c t  w i t h  t h e  B i o s a t e l l i t e  P r o j e c t  
Off ice  ac the Ames Research C e n t e r .  M r ,  Louis  P o l a s k i ,  a s  a  r e s u l t  of 
d telephone c o n t a c t  t h e  t h e  Team, f u r n i s h e d  complete  i n f o r m a t i o n  on t h e  
nr.h~ia~e r e s t r a i n t  sys tem which h a s  been developed a t  ARC f o r  t h e  Bio- 
s a t e l l i t e  Program, S p e c i f i c a l l y ,  complete e n g i n e e r i n g  drawings of t h e  
primare r e s t r a i n t  sys tem were  f u r n i s h e d  t o  t h e  r e s e a r c h e r ,  and one of 
the a i 7 i m a . l  r e s t r a i n t  s u i t s  was mai led t o  t h e  r e s e a r c h e r  by M r .  Char les  
A, h;ii son, B i o s a t e l l i t e  P r o j e c t  Planager, f o r  i n s p e c t i o n .  This  in fo rmat ion  
and t n r  c o o p e r a t i o n  from A R C ,  has  been extremely u s e f u l  t o  t h e  r e s e a r c h e r  
and has baen a p p l i e d  a s  background and s u p p o r t i n g  i n f o r m a t i o n  i n  t h e  
2repasatlon of a  g r a n t  r e q u e s t  t o  t h e  N a t i o n a l  H e a r t  and Lung I n s t i t u t e  
:or the e s t a b l i s h m e n t  o f  a n  a t h e r o s c l e r o s i s  r e s e a r c h  c e n t e r  a t  t h e  Bowman 
G r a y  School of Medicine. Th is  g r a n t  r e q u e s t  covers  a  szven-year program 



in t h e  amount of 3.8 m i l l i o n  d o l l a r s ,  The p a r t i c u l a r  p o r t i o n  of t h e  
program t o  which t h i s  i n f o r m a t i o n  was a p p l i e d  i s  one f a c e t  o f  t h e  e x p e r i -  
mental  program compris ing $238,000 of t h e  t o t a l  g r a n t  r e q u e s t .  It shou ld  
b e  noted i n  a s s e s s i n g  t h e  impact r e p o r t s  f o r  t h i s  r e p o r t i n g  p e r i o d  t h a t  
tlils p a r t i c u l a r  g r a n t ,  because  of i t s  s i z e ,  h a s  invo lved  t h e  u s e  of 
i i i forrnat ion wlzich h a s  been  s u p p l i e d  on two o t h e r  problems (WF-90 and WF-91) 
as  w e l l .  T h e r e f o r e ,  t h e  g r a n t  d i s c u s s e d  i n  t h e  impact  r e p o r t s  on t h e s e  
problems i s  t h e  same g r a n t  a s  t h e  one r e f e r r e d  t o  on t h i s  problem, 

i n  a d d i t i o n ,  t h e  p r i m a t e  r e s t r a i n t  sys tem i n f o r m a t i o n  h a s  been  used i n  
thz p r e p a r a t i o n  o f  a th ree -year  g r a n t  r e q u e s t  t o  t h e  American Hear t  Asso- 
c i a t i o n  i n  t h e  amount of $42,300, Th is  program i n v o l v e s  t h e  s rudy  of 
a i s i ~ e r o s c l e r o s i s  and coronary  a d r e n e r g i c  r e s p o n s e ,  The e x p e r i m e n t a l  an imals  
ro b e  used i n  t h i s  p a r t i c u l a r  r e s e a r c h  program are s i m i l a r  i n  s i z e  and 
weigh t  t o  t h e  an imals  used on t h e  B i o s a t e l l i t e  Program s o  t h a t  t h e  Bio- 
s a t z 1 L i  t e  r e s t r a i n t  u n i t s  can  b e  e a s i l y  modif ied f o r  t h i s  r e s e a r c h  program. 

ii1103s,LV1 WF-91 Blood Flow hleasmement in Primates 

A r t a r i o s c l e r o s i s  i s  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary  
d i s e a s e .  The b u i l d u p  of e x t r a n e o u s  m a t e r i a l  w i t h i n  t h e  ar ter ia l  system 
causes a  r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which c a r r y  
l i f e - g i v i n g  oxygenated b lood  t o  t h e  body t i s s u e s ,  Th i s  narrowing of t h e  
a r t e r i e s  c a n  occur  s y s t e m i c a l l y  o r  l o c a l l y .  When t h e  a r t e r i e s  a r e  narrowed, 
the blood f low t o  t h e  t i s s u e s  is  reduced ,  I f  t h e  b lood  f low i s  reduced 
s u f f i c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by t h e  a r t e r y  d i e s ,  I f  t h e  coro- 
nary a r t e r i a l  sys tem,  which s u p p l i e s  b lood  t o  t h e  h e a r t ,  is t h u s  a f f e c t e d ,  
the p a r t  of t h e  h e a r t  t i s s u e  b e i n g  s u p p l i e d  by t h a t  a r t e r y  d i e s .  T h i s  i s  
cd. Led an  i n f  a r c t .  

Sarrowing of t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance of t h e  a r t e r i a l  
system. I n  a n  a t t e m p t  t o  m a i n t a i n  b lood  supp ly  t o  t h e  t i s s u e ,  t h e  h e a r t  
must work h a r d e r ,  t h u s  imposing a n  a d d i t i o n a l  workload on t h e  h e a r t .  
Ullen c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  i s  a n  a u t o r e g u l a t o r y  
feedback  mechanism which causes  d i l a t i o n  of t h e  a r t e r i e s  ( v a s o d i l a t i o n )  
411 a n  a t t e m p t  t o  compensate f o r  r e d u c t i o n  i n  b l o o d  supp ly  t o  t h e  t i s s u e .  
i n  a d d i t i o n ,  t h i s  v a s o d i l a t i o n  can  b e  accornplished b:7 t h e  a d m i n i s t r a t i o n  
o f  c e r t a i n  d r u g s  ( v a s o d i l a t o r s ) .  These d rugs  a r e  f r e q u e n t l y  employed i n  
t r e a t m e n t  of a r t e r i a l  d i s e a s e  and a s s o c i a t e d  p r o b l e n ~ s  where t h e  o b j e c t i v e  
i s  t o  improve t h e  b lood  supp ly  t o  t h e  t i s s u e s ,  However, much i s  n o t  under- 
stood about  t h e  mechanisms and e f f e c t s  of t h e s e  d r u g s ,  T h i s  r e s e a r c h  
program i s  des igned  t o  o b t a i n  t h i s  i n f o r m a t i o n  on v a r i o u s  v a s o d i l a t o r s  t o  
pe rmi t  t h e i r  more e f f e c t i v e  use .  

i h e  ~ n v e s t i g a t o r  h a s  accomplished extensive r e s e a r c h  t o  de te rmine  che 
e f f e c t s  of v a s o d i l a t o r s  on dogs u s i n g  open c h e s t  methods. The n e x t  phase  
3f t h e  r e s e a r c h  program r e q u i r e s  t h e  u s e  of r h e s u s  monkeys u s i n g  c l o s e d  
c h e s t m e t h o d s .  The monkeys w i l l  b e  ins t rumented  t o  measure b lood  f low,  
blood p r e s s u r e ,  t empera tu re ,  and ECG. The s e n s o r s  w i l l  b e  implan ted  by 
open c h e s t  s u r g e r y ,  and t h e  an imal  w i l l  b e  sewn up. 

Ihe monkeys w i l l  b e  moni tored f o r  t h r e e  t o  s i x  months d u r i n g  t h e  c o u r s e  
of the s t u d y .  During t h i s  p e r i o d ,  i t  i s  r e q u i r e d  t h a t  t h e  b lood  f l o w  i n  



the coronary a r t e r y  b e  monitored f o r  approximately  one hour  d u r i n g  each 
exper imenta l  p e r i o d  which may las t  up t o  f o u r  h o u r s ,  Although cont inuous  
mcnitorlng is  d e s i r e d  d u r i n g  each o f  t h e s e  p e r i o d s ,  r e p e t i t i v e  f low 
rleassarernent a t  i n t e r v a l s  n o t  exceeding one second i s  a c c e p t a b l e .  The 
;low rate t o  b e  measured i s  i n  t h e  range of 5-500 cc /minu te  and a n  accuracy 
of 5 ;  p e r c e n t  i s  d e s i r e d ,  The coronary a r t e r y  of t h e  r h e s u s  monkey i s  
n:~roxzmately 3-5 mm i n  c i rcumference ,  

' x  9rzv lous  exper iments ,  b lood flow h a s  been measured w i t h  a  noncannula t ing  
e l e c t r o m a g n e s i c  b lood  flow probe and a  C a r o l i n a  Medical  E l e c t r o n i c s  
Nodel 301 s ing le -channe l ,  square-wave e l e c t r o m a g n e t i c  b lood  flowmet2r.  
L e r ~  k l o w  was o b t a i n e d  a s  a  r e f e r e n c e  by b r i e f l y  occ lud ing  t h e  corcnary  
- ~ r t * z r y  distal t o  t h e  probe u s i n g  a l i g a t u r e .  

It i s  dss  i r e d  t o  a s c e r t a i n  i f  improved blood f low measurement t echn iques  
s p p l i c a b L e  t o  animal  implementat ion have been developed. D e s i r a b l e  
c h a r a c t e r i s t i c s  sought  a r e  s m a l l e r  s i z e ,  e a s i e r  i m p l a n t a t i o n ,  g r e a t e r  
accviracy, c o m p a t i b i l i t y  w i t h  long-term i m p l a n t a t i o n ,  and e l i m i n a t i o n  of 
exter?al. :onnections. It i s  t h u s  a p p a r e n t  t h a t  t h e  i d e a l  s o l u t i o n  would 
b e  a pearrrsanently i m p l a n t a b l e  b lood  f low meter- te lemetry  package s m a l l  
enough t o  f i t  e a s i l y  w i t h i n  t h e  c h e s t  c a v i t y  o f  a r h e s u s  monkey. The 
available volume f o r  a l l  i n s t r u m e n t a t i o n  i n  t h e  c h e s t  c a v i t y  i s  approxi-  
Fiar%ly 1 2  c u b i c  i n c h e s .  Only one-half t h i s  volume cou ld  be  a l l o t t e d  t o  
rhr  b load Elow i n s t r u m e n t a t i o n .  

A :ompute-r s e a r c h  of t h e  ae rospace  l i t e r a t u r e ,  "Blood Flow and Blood 
Pressure Measurement i n  Pr imates , "  ij2137 and a  manual s e a r c h  were  made 
and deiLvered t o  t h e  r e s e a r c h e r .  A number of documents were found which 
sere p s r t i n e n t  t o  t h i s  p a r t i c u l a r  problem. Of p a r t i c u l a r  i n t e r e s t  were 
d o c ~ o e a t s  N70-21292, AD-70136, and N69-31632, The i n f o r m a t i o n  con ta ined  
In 31esr documents was used a s  background and s u p p o r t i n g  i n f o r m a t i o n  i n  
a $425,000 p r o p o s a l  t o  t h e  N a t i o n a l  H e a r t  and Lung I n s t i t u t e .  In format ion  
sn i i e s e  documents was u s e f u l  t o  t h e  r e s e a r c h e r  i n  f o r m u l a t i n g  an  approach 
eo certain a s p e c t s  of t h e  r e s e a r c h  program t o  which t h e  p r o p o s a l  was 
d i r ~ c r e d ,  

Sn a d d i t i o n  t o  t h e  above g r a n t  r e q u e s t ,  t h e  i n f o r m a t i o n  on u l t r a s o n i c  
Dopp le r  t echn iques  r e s u l t i n g  from t h e  documents l i s t e d  above was extremely 
i ~ e i p f u l  i n  t h e  p r e p a r a t i o n  of a  p roposa l  i n  t h e  amount of $186,000 t o  t h e  
XatXanai & a r t  and Lung I n s t i t u t e  and i n  t h e  f o r m u l a t i o n  of t h e  approach 
to be employed i n  a t t a c k i n g  t h i s  r e s e a r c h  a r e a .  

i)R313,~hl WiZ-  90 B Zood Pressure j4easuremen t s  i n  Primates 

A r t e r i o s c l e r o s i s  i s  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary 
disesse, The b u i l d u p  of ex t raneous  m a t e r i a l  w i t h i n  t h e  a r t e r i a l  sys tem 
causes a r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which c a r r y  
l i f e - g i v i z ~ g  oxygenated b lood  t o  t h e  body t i s s u e s ,  Th i s  narrowing of t h e  
arcerfes can occur  s y s t e m i c a l l y  o r  l o c a l l y .  When t h e  arteries a r e  
n a r r ~ i ~ e d ,  the blood flow t o  t h e  t i s s u e s  i s  reduced ,  I f  t h e  blood flow 
i s  reduced s u f f i c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by t h e  a r t e r y  d i e s .  
If the coronary a r t e r i a l  sys tem,  which s u p p l i e s  b lood t o  t h e  h e a r t ,  i s  
thus  a f f e c t e d ,  t h e  p a r t  of t h e  h e a r t  t i s s u e  be ing  s u p p l i e d  by t h a t  a r t e r y  
d i e s ,  This i s  c a l l e d  a n  i n f a r c t .  
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Sarrowing of t he  a r t e r i e s  a l s o  inc reases  t h e  impedance of t h e  a r t e r i a l  
system, In acw. at tempt  t o  m i n t a i n  blood supply t o  'the t i s s u e ,  t h e  h e a r t  
xus t  woxk ha rde r ,  thus  imposing an a d d i t i o n a l  workload on t h e  h e a r t ,  
Mkeen c o n s t r i c t i o n  of t h e  a r t e r i e s  occurs ,  t h e r e  i s  an  au toregula tory  
feedback mechanism. which causes d i l a t i o n  of t h e  a r t e r i e s  (vasod i l a t i on )  
in an a t t e q t  t o  c o v e n s a t e  f o r  reduct ion  i n  blood supply t o  t h e  t i s s u e .  
I n  ddd i t i on ,  t h i s  v a s o d i l a t i o n  can b e  accomplished by t h e  admin i s t r a t i on  
3f cer tain drugs (vasod i l a to r s )  . These drugs a r e  f r equen t ly  employed i n  
treatment o f  a r t e r i a l  d i s e a s e  and a s soc i a t ed  p rob lem where t h e  o b j e c t i v e  
i s  zo rnnprove t h e  blood supply t o  t h e  t i s s u e s ,  However, much is  no t  
understood about t h e  mechanism and e f f e c t s  of t h e s e  drugs,  This  research  
prt~gzac is designed t o  ob ta in  t h i s  information on var ious  v a s o d i l a t o r s  t o  
oer1n.i t t h e i r  more e f f e c t i v e  use ,  

f h e  i n v e s t i g a t o r  has  accomplished ex tens ive  research  t o  determine t h e  
effects of v a s o d i l a t o r s  on dogs using open ches t  methods. The next  phase 
C$ %he research  program requ i r e s  ;L?he use  of rhesus mnkeys  using closed 
~ ~ ~ e s t  nethods,  The monkqs w i l l  b e  i n s t r m e n t e d  t o  measure blood flow, 
~ 1 i o J  pressure, temperature,  and EGG, The sensors  w i l l  b e  implanted by 
u p e u  -5est su rge ry ,  and the  animal w i l l  then b e  sewn up, 

The laonkegs w i l l  be monitored f o r  t h r e e  t o  six months during the  course  
c f  t n e  s tudy ,  During t h i s  per iod ,  i t  i s  requi red  t h a t  t h e  p u l s a t i l e ,  sys- 
*- - c ~ ~ ~ ~ c  a r t e r i a l  blood pres su re  a s  measured i n  t he  a o r t a  be  monitored f o r  
apprsxln~ate ly  one hour  dur ing  t h e  var ious  experimental per iods which may 
Last- up $10 four hours ,  Pressure  measurement dur ing  the  experimental 
1;ar;ads muss be e i t h e r  continuous o r  r e p e t i t i v e  a t  no l e s s  than one 
mtdsumz.nent per  second, The p re s su re  range t o  be  measured Is 50 t o  250 
zan 4g, and an accuracy of +.I percent  i s  d e s i r e d ,  

,I cclnputer  search  of t he  aerospace l i t e r a t u r e ,  "Blood F l m  and Blood 
S-'aeasurs Measurements i n  Primates," /I2137 and a manual search  were made 
Lac a s l i v e r e d  t o  the r e sea rche r ,  Severa l  doe~men t s  were of s i g n i f i c a n t  
7 , , ~  *rest t o  the researcher .  In p a r t i c u l a r ,  information on t h e  ERC "curnel 
d ia i i e  pres su re  t ransducer  was extremely use fu l ,  I n  a d d i t i o n  t o  t h e  NASA 
2;ilbilcations concerning the  EWC pres su re  t ransducer ,  information was ob- 
~arned from Device Research Incorporated which i s  p re sen t ly  marketing 
I ia bRC ~ u n n e l  diode pressure  t ransducer  comercialllly, The d e t a i l e d  
iA~l.smsiraon about pres su re  r e s o l u t i o n ,  dynamic range,  temperature corn- 
pensasLon., and cos t  and de l ive ry  were of s i g n i f i c a n t  va lue ,  Addi t iona l  
j ~Eoramtion considered t o  be  very re levan"c t  t h i s  problem was tha"con- 
c e : * ~ i , ~ g  the Mark IV u l t r a s o n i c  Doppler instrument  f o r  i n d i r e c t  blood 
lressalrs measurement which was developed a t  t h e  Southwest Research I n s t i -  
tixte,. Deta i led  information inclwding an  i n s t r u c t i o n  manual and a  demon- 
L : ra r ic ,~  u n i t  were borrowed from SwRI, Using t h e  demonstration u n i t ,  t h e  

s e 8 d c j ~ e r  was able to determine the  a p p l i c a b i l i t y  of t h i s  technique t o  
++ ,ate spe,- h f  i c  measurements requi red  i n  h i s  research  program, TRi s corPllrfned 
I itormation h a s  been used a s  backgrourld and support ing d a t a  i n  a  g ran t  
nequesr to the National  Heart and Lung I n s t i t u t e  f o r  t h e  estabEishment of 
anz a t n c s o s c l e r a s i s  research  cen te r  a t  t h e  Boman Gray School of Medicine, 
This Ls a seven-year program i n  t h e  arraaunt of 3.8 ~ l l i o n  d o l l a r s ,  Tbe 
y,~;"cular po r t ion  of the program t o  which t h i s  i n f o r m t i o n  was appl ied  
was ole :facet of t he  experimental program c o q r i s i n g  $231,000. It should 
l,- 13oted i n  a s se s s ing  the  impact r e p o r t s  for t h i s  r epo r t ing  per iod  that 



! 1 dr z i c u l a r  g r a n t ,  because of i t s  s i z e ,  has invalved ",he use o f  
A 1 1  i l i o a  which has been s u p p l i e d  on two orher problems as well, They 

r 5;'- \-I and WF-91, The g;-ant d i s c u s s e d  ? L L ~  ti-e iaa1pac.r reports on these 
I ,u ,cans is the same grant as the  one referred th; in t h i s  problem, 



3-0 SUItIMARY OF TEAM A C T I V I T Y  DURING REPORTING PERIOD 

3 , l  Problem Activity Summary 

The following is a summary of project activity undertaken by 
the RTI Team during the period October 1, 1970, to March 31, 1971. 

iVm Prob Zems Accepted 

Prob Zems Rejected 

ProbZems Inactivated 

Problems Reactivated 

Total Problems Currently Active 

PreZiminary Problem Statements Prepared 

Problem Statements Disseminated 

Responses t o  Prob Zem Statements 

RDC Computer Searches In i t ia ted  

Impacts 

Potential Technologxj AppZications 

Techno Zogg App Zications 

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

Table 1 lists the currently active problems by impact area. 

3 , 2  Presentations by Team Members at Conferences, Meetings, and 
Symposia 

On October 27, 1970, Dr. F. T. Wooten presented a paper en- 
titled "Application of Aerospace Technology to Medicine" at the First 
Western Space Congress in Santa Maria, California. The paper is attached 
as Appendix C of this report. 

On Decenber 9, 1970, Dr. F. T. Wooten presented the paper in Appendix C 
to the New Orleans Group on Biomedical Engineering of the Institute of 
Electrical and Electronic Engineers. 



TABLE I 

IMPACT AREAS OF A C T I V E  PROBLEMS 

"lea: t"irea Analytic Sys tem 
Smpac l: Instrument Components Prosthetic Materials/ 



On January 18 ,  1971, M r .  Ernest  Harr ison presented a paper on t h e  
*$pplication Team Program a t  t h e  S p l i n t i n g  Workshop a t  t he  Univers i ty  of 
North Carol ina Hand Rehab i l i t a t i on  Center.  

3 . 3  V i s i t s  t o  NASA F i e l d  Centers 

I n  order  t o  con t inua l ly  i nc rease  Team knowledge of NASA 
resea rch ,  members make f requent  v i s i t s  t o  f i e l d  cen te r s  f o r  t echn ica l  
d i scuss ions .  During t h i s  r epo r t ing  per iod ,  v i s i t s  were made t o  Ames 
Research Center ,  Langley Research Center ,  J e t  Propuls ion  Laboratory,  and 
Marshall Space F l i g h t  Center.  

3 . 4  Associat ion f o r  Advancement of Medical Ins t rumenta t ion  (AAMI) 

I n  order  t o  enhance t h e  impact on t h e  medical community of 
Team t r a n s f e r s ,  t h e  Team is  a c t i v e l y  seeking  i n d u s t r i a l  manufacture of 
narke tab le  technology app l i ca t ions .  The approach conceived r ecen t ly  was 
che formation of a committee w i t h i n  t h e  Assoc ia t ion  f o r  Advancement of 
Medical. Ins t rumenta t ion  ( M I )  which w i l l  consider  ways t o  adv i se  and 
interest t h e  i n d u s t r i a l  community i n  app l i ca t ions  of technology. An 
o rgan iza t iona l  meeting was he ld  a t  t h e  annual meeting of AAMI i n  Los 
~ h g e l e s  on March 19 ,  1971. It i s  a n t i c i p a t e d  t h a t  t h i s  committee, 
chaired by D r .  F. T .  Wooten, w i l l  b e  a u se fu l  f o r c e  i n  seeking i n d u s t r i a l  
p a r t i c i p a t i o n  i n  t he  Appl ica t ion  Team Program. 





roB SUMMARY OF BIOMEDICAL APPLICATION TEAM STATUS AT USER INSTITUTIONS 

?, 1 I n t r o d u c t i o n  

I n  S e c t i o n  l , 4  of t h i s  r e p o r t ,  t h e  1 4  medical  i n s t i t u t i o n s  
participating i n  t h e  RTI A p p l i c a t i o n  Team Program were  l i s t e d ,  as w e l l  
ds seven i n s t i t u t i o n s  t h a t  have p a r t i c i p a t e d  on c e r t a i n  s p e c i a l  problems. 
The major  t h r u s t  of t h e  a c t i v i t y  of t h e  Team h a s  been a t  t h e  pr imary 
,ris:itutions. I n  o r d e r  t o  p u t  i n t o  p e r s p e c t i v e  t h e  r e l a t i v e  a c t i v i t y  
a173 h"hsto9-y of t h e  a c t i v i t y  a t  each s c h o o l ,  t h e  fo l lowing  b r i e f  summaries 

F:-esented. 

4,2 Summary S t a t u s  f o r  User I n s t i t u t i o n s  P a r t i c i p a t i n g  i n  t h e  
Program on March 31,  1971  

Duke University ld~d ica l  Center - T h i s  i n s t i t u t i o n  h a s  been 
, ~ L L L V ~  i n  t h e  A p p l i c a t i o n  Team Program f o r  f o u r  y e a r s ,  and a t o t a l  of 
kl2 problems have been cons idered  a t  t h i s  s c h o o l .  During t h e  p a s t  y e a r ,  
1:Pt2re pas been a  n o t i c e a b l e  s l a c k e n i n g  of a c t i v i t y  because  of t h e  reduc- 
ilon i n  F e d e r a l  f u n d s ,  b u t  t h e  Team e x p e c t s  t o  s e e  a n  i n c r e a s e  of a c t i v i t y  
a t  e h i s  s c h o o l  dur ing  t h e  coming y e a r ,  

?cuman Gray SchooZ o f  fledieine of  the  Wake Forest University - This  
schoci  has  been a c t i v e  i n  t h e  A p p l i c a t i o n  Team Program f o r  f o u r  y e a r s  
duiriag which t i m e  a  t o t a l  of 99 problems have been cons idered .  A c t i v i t y  
iiac slowed n o t i c e a b l y  i n  r e c e n t  months, and a  g e n e r a l  r e d u c t i o n  i n  a c t i v -  
Ity i s  a n t i c i p a t e d  a t  t h i s  s c h o o l  o v e r  t h e  n e x t  y e a r .  

cliiivsrsity of Aiorth Carolina Ne&caZ SehooZ and DentaZ School - A 
~ v ~ d l  o f  89 problems have been d e f i n e d  a t  t h e  s c h o o l s  of medicine  and 
a e n t i s t r y  d u r i n g  t h e  p a s t  f o u r  y e a r s ,  b u t  a c t i v i t y  a t  t h e  p r e s e n t  t i m e  i s  
a t  a v i r t u a l  s t a n d s t i l l .  The pr imary r e a s o n  f o r  t h i s  is t h e  l a c k  of a  
suitable c o n s u l t a n t  a t  t h i s  s c h o o l  making i t  v e r y  d i f f i c u l t  f o r  t h e  Team 
LO reach t h e  p o t e n t i a l  u s e r s  of t h e  program. No change i n  t h e  low a c t i v -  
i t v  s t a t u s  a t  t h i s  s c h o o l  i s  a n t i c i p a t e d  i n  t h e  n e a r  f u t u r e ,  

2'~Zane University School of Medicine - Team a c t i v i t y  s t a r t e d  a t  
Tulane i n  December 1969 making t h i s  s c h o o l  one of t h e  more r e c e n t  a d d i t i o n s  
t o  t he  Appl ica t ion  Team Program. The c o o p e r a t i o n  and enthusiasm of t h e  
!ulane s t a f f  have c o n t r i b u t e d  t o  a v e r y  s u c c e s s f u l  program. Thus f a r ,  a  
t o t a l  o f  2 3  problems have been  c o n s i d e r e d ,  and a c t i v i t y  i s  expected t o  
cgrtinue a t  a  ve ry  s a t i s f a c t o r y  l e v e l .  

3qs t i t u t e  of  Rehabil i tat ion Medicine of  the N m  York University - 
Since a c t i v i t y  s t a r t e d  i n  t h i s  s c h o o l  i n  A p r i l  1969, a t o t a l  o f  26 problems 
have b s e a  cons idered .  Th is  i n s t i t u t i o n  i s  a small group w i t h i n  a  l a r g e  
a n i v e r s i t y ,  and most of t h e  a c c e p t a b l e  problems have a l r e a d y  been consid- 
d No f u r t h e r  a c t i v i t y  i s  a n t i c i p a t e d  w i t h  t h i s  i n s t i t u t i o n ,  



AiationaZ Cancer I n s t i t u t e  - A c t i v i t i e s  a t  t h e  N a t i o n a l  Cancer 
Institute (NCI) s t a r t e d  i n  August 1969, and a t o t a l  of 12 problems have 
been  cons idered .  Th is  r e l a t i v e l y  low l e v e l  of a c t i v i t y  was des igned  t o  
allow t h e  N C I  p e r s o n n e l  t o  e v a l u a t e  t h e  program. N C I  p e r s o n n e l  have 
expressed s a t i s f a c t i o n  w i t h  t h e  s u c c e s s  of t h e  program, and con t inued  
activity i s  a n t i c i p a t e d  d u r i n g  t h e  coming months. 

Ochsner CZinic and Foundation - The Ochsner Foundat ion i s  a smal l  
research group a s s o c i a t e d  w i t h  a p r i v a t e  c l i n i c  i n  New Or leans .  Only 
" r w o  problems have been  d e f i n e d  a t  t h i s  i n s t i t u t i o n ,  b u t  b o t h  problems 
have a h i g h  p r o b a b i l i t y  of s o l u t i o n .  

Phginia  Department of  Vocational Rehabil i tat ion - This  depar tment  
operates t h e  Woodrow Wilson R e h a b i l i t a t i o n  Cente r .  An u n s o l i c i t e d  
request f o r  Team a s s i s t a n c e  was r e c e i v e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d ,  
and problem d e f i n i t i o n  s t a r t e d  i n  November 1970. A  t o t a l  of 1 4  problems 
hase been cons idered  a t  t h i s  i n s t i t u t i o n .  A c t i v i t y  i s  a n t i c i p a t e d  t o  
coct iave a t  about  t h e  same l e v e l .  

liational Heart and Lung I n s t i t u t e  - A c t i v i t i e s  s t a r t e d  w i t h i n  t h e  
Medical Devices A p p l i c a t i o n  Branch of NHLI i n  September 1970. A  t o t a l  
of s i x  problems have been d e f i n e d ,  and con t inued  i n t e r a c t i o n  is a n t i -  
clpated with t h i s  p r e s t i g i o u s  i n s t i t u t i o n .  

lljational I n s t i t u t e  of  Environmentaz XeaZth Sciences - This  i s  t h e  
smallest i n s t i t u t e  of t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  and a c t i v i t i e s  
s t s r ted  h e r e  i n  October 1970, A  t o t a l  of t h r e e  problems have been ac- 
cepted, and a low l e v e l  of problem a c t i v i t y  i s  a n t i c i p a t e d  from t h i s  
111s t i t u t i o n .  

Ernoq  University SehooZ of  Medicine - A c t i v i t i e s  a t  t h i s  s c h o o l  
started i n  January  1971, and a  t o t a l  of twelve problems have been consid- 
e red ,  Cont inuing s u b s t a n t i a l  a c t i v i t y  i s  a n t i c i p a t e d  a t  t h i s  s c h o o l ,  

University of  Miami School of Medicine - I n  answer t o  a n  u n s o l i c i t e d  
request, t h e  Team i n i t i a t e d  a c t i v i t i e s  i n  December 1970 a t  t h i s  i n s t i t u -  
t i o n ,  An i n c r e a s i n g  l e v e l  of problem a c t i v i t y  i s  a n t i c i p a t e d  from t h i s  
s choa i  dur ing  t h e  coming y e a r .  

Me?dicaZ University of  South Carolina - I n  answer t o  a n  u n s o l i c i t e d  
request, t h e  Team i n i t i a t e d  a c t i v i t i e s  a t  t h i s  s c h o o l  d u r i n g  March 1971. 
Although a c t i v i t i e s  a r e  c o n c e n t r a t e d  i n  one group of i n d i v i d u a l s  i n  t h e  
Department of Surgery ,  a s u b s t a n t i a l  l e v e l  of a c t i v i t y  i s  a n t i c i p a t e d  
a t  t h i s  i n s t i t u t i o n  d u r i n g  t h e  coming y e a r .  The r e s p o n s e  a t  t h i s  s c h o o l  
has been h i g h l y  e n t h u s i a s t i c ,  and s i g n i f i c a n t  e f f o r t s  w i l l  b e  devoted t o  
c h i s  s c h o o l .  



5-0 APPLICATIONS ENGINEERING PROGRAM 

Selected problems have been accepted for implementation of technol- 
ogy under the Applications Engineering Program. In this program, the 
techaoLogy is actually complemented by a NASA facility, Activities for 
these seven problems are presented in the following summaries: 

PROBLi34 IF- 3 Prosthetic Valve for Urinary Tract 

A number of different injuries and diseases can result in loss of control 
of uriraary function. Victims of congenital defects, urogenic bladder 
diseases, stroke, and multiple sclerosis, as well as war and automobile 
casualties, experience bladder and urethral malfunctions. These mal- 
functions frequently involve an inability to control the muscles which 
open and close the urethra, i,e., the passage through which the bladder 
is emptied. This condition results in gradual deterioration of the 
b l a d d e r ,  infections of the urinary tract, and in some cases damage to 
t h e  kidneys and subsequent death. This condition is the most frequent 
cause of death among paraplegics. In addition, inability to control 
urinary function in even ambulatory patients is a serious inconvenience. 
fn treating patients who cannot control urinary function, it is important 
t b s t  the bladder be allowed to fill and then be emptied rapidly every 
three to four hours. This periodic functioning allows the muscles in 
the bladder to be exercised and, as a result, to remain healthy. A valve 
which ran be implanted in the urethra and controlled by the patient is 
qeeded to successfully treat the loss of urinary functions. 

A suggestion was received from the NASA Lewis Research Center which was 
relevant to this problem. It involved a valving technique which was used 
at t h e  Lewis Research Center involving hazardous fluids. This problem was 
su5mittsd as an applications engineering candidate to the Technology 
Utilizakion Division and was subsequently approved for reengineering. 
The Biomedical Engineering Department of the University of Virginia has 
been involved in reengineering this technology to the medical application 
for some time. A preliminary unit, shown in Figure 18, has been con- 
structed, and finished units are expected to be completed within a very 
short time. These units will be used by the researcher in an animal 
exper?-xnentation program to test the feasibility of these valves as a 
solution to this problem. 



F i g u r e  1 8 .  P r o s t h e t i c  U r e t h r a l  Valve 

PROBLm DU-31 Catheter-Mounted Pressure Transducer 

A c t i v i t i e s  f o r  t h i s  problem a r e  d i s c u s s e d  i n  t h e  P o t e n t i a l  Technology 
A p p l i c a t i o n  Report  i n  S e c t i o n  2 . 2 ,  

PROBLM IRM-23 A Respiration A l a r m  

A c t i v i t i e s  f o r  t h i s  problem a r e  d i s c u s s e d  i n  t h e  Technology A p p l i c a t i o n  
Report  i n  S e c t i o n  2 .1 .  

PWBLEM N C I - 3  Blood Pressure M@asurernent 

A c t i v i t i e s  f o r  t h i s  problem a r e  d i s c u s s e d  i n  t h e  Technology A p p l i c a t i o n  
Report i n  S e c t i o n  2.1. 

PROBLEM N C I  -9 Improved Emulsion for Autoradiography 

A c t i v i t i e s  f o r  t h i s  problem a r e  d i s c u s s e d  i n  t h e  P o t e n t i a l  Technology 
A p p l i c a t i o n  Report  i n  S e c t i o n  2 .2 .  

PSZOBLEV OF-  2 Bone Densi ty !4easurement 

A c t i v i t i e s  f o r  t h i s  problem are d i s c u s s e d  i n  t h e  P o t e n t i a l  Technology 
A p p l i c a t i o n  Report  i n  S e c t i o n  2 . 2 ,  



i~lZOBL131 WF- 89 Animal Res-traints for Primates 

A c t i v i t i e s  f o r  t h i s  problem a r e  d i s c u s s e d  i n  t h e  Impact  Repor t  i n  
Section 2 - 3 .  





6-0 CONCLUSIONS AND RECOMMENDATIONS 

During t h e  p a s t  s i x  months, t h e  Team h a s  accomplished a t o t a l  o f  
f c u r  a p p l i c a t i o n s  and t h i r t e e n  p o t e n t i a l  a p p l i c a t i o n s  of a e r o s p a c e  tech- 
nology t o  medicine ,  The major s o u r c e  of s o l u t i o n  f o r  t h e s e  problems h a s  
been the d i r e c t  c o n t a c t  w i t h  t h e  NASA F i e l d  Cen te r s  by Team p e r s o n n e l .  
D ~ r i n g  t h i s  r e p o r t i n g  p e r i o d ,  70% of  t h e  a p p l i c a t i o n s  and p o t e n t i a l  a p p l i -  
cations o f  technology were  s o l v e d  by d i r e c t  c o n t a c t  w i t h  t h e  f i e l d  c e n t e r s  
and 30% were s o l v e d  by i n f o r m a t i o n  s e a r c h i n g .  I n  t h e  r e p o r t i n g  p e r i o d  f o r  
March tnrough September 1970, d i r e c t  c o n t a c t  w i t h  t h e  f i e l d  c e n t e r s  re -  
s n i t e d  i n  more t h a n  60% of t h e  s o l u t i o n s  w h i l e  i n f o r m a t i o n  s e a r c h e s  re- 
sulted i n  on ly  9% of t h e  s o l u t i o n s .  Thus,  i t  can b e  s e e n  t h a t  t h e  primary 
source of i n f o r m a t i o n  is s t i l l  d i r e c t  c o n t a c t  w i t h  t h e  f i e l d  c e n t e r s  a l though  
a s i g n i f i c a n t  improvement i n  i n f o r m a t i o n  s e a r c h i n g  r e s u l t s  h a s  occur red  d u r i n g  
t h e  p a s t  s i x  months* The r e a s o n  f o r  t h e  improvement i n  i n f o r m a t i o n  s e a r c h i n g  
nay be  r e l a t e d  t o  t h e  e f f o r t s  of D r .  W e  Clingman of D a l l a s ,  Texas ,  i n  h i s  
s t i ~ d j .  o f  t h e  i n f o r m a t i o n  s e a r c h i n g  p rocedures ,  

F c  is no s u r p r i s e  t h a t  p e r s o n a l  i n t e r a c t i o n  w i t h  NASA r e s e a r c h e r s  h a s  
been a major s o u r c e  of i n f o r m a t i o n  f o r  t h e  Team. P e r s o n a l  i n t e r a c t i o n  
has been proven r e p e a t e d l y  t o  b e  a keys tone  o f  t h e  A p p l i c a t i o n  Team 
Program, Ln f a c t ,  t h e  concept  of a small, m u l t i d i s c i p l i n a r y  group work- 
i n g  between two d i v e r s e  d i s c i p l i n e s  i s  b a s e d  upon t h e  concept  t h a t  per-  
sorral i n t e r a c t i o n  i s  a v i t a l  f o r c e  i n  b r i n g i n g  remote d i s c i p l i n e s  c l o s e r  
together, The p e r s o n a l  i n t e r a c t i o n s  t h a t  a r e  i m p o r t a n t  o c c u r  a t  every  
Level of Team a c t i o n .  They a r e  impor tan t  w i t h  t h e  problem o r i g i n a t o r  i n  
a d s q u a t e l y  unders tand ing  h i s  problem; they  a r e  i m p o r t a n t  i n  unders tand ing  
t he  vast amount of r e s e a r c h  performed by NASA; and they  a r e  ex t remely  i m -  
portant i n  a s s u r i n g  t h a t  once a n  adequa te  s o l u t i o n  h a s  been found t h e  so lu -  
-j_7ioC will b e  implemented by t h e  r e s e a r c h e r .  Thus,  t h e  p e r s o n a l  i n t e r a c t i o n  
.l- ,bed Sy the  Team w i l l  c o n t i n u e  t o  b e  a keys tone  i n  t h e  s u c c e s s  of any 

a s p l i c a t i o n  of technology.  

During the p a s t  s i x  months, t h e r e  h a s  been a s i g n i f i c a n t  i n c r e a s e  i n  t h e  
numbex of new i n s t i t u t i o n s  b e i n g  s e r v e d  by t h e  Team. The Team h a s  r e c e i v e d  
numerous u n s o l i c i t e d  r e q u e s t s  f o r  a s s i s t a n c e  a t  new u s e r  i n s t i t u t i o n s .  
The Tea3 h a s  found t h a t  i n  new i n s t i t u t i o n s  i t  i s  much e a s i e r  t o  o b t a i n  
good problems f o r  s o l u t i o n  s t u d y  t h a n  a t  some i n s t i t u t i o n s  t h a t  have  been 
s e r v e d  f o r  s e v e r a l  y e a r s  by t h e  Team. 

Tiae Team h a s  n o t e d  i n  p a s t  r e p o r t s  t h a t  a key i n d i v i d u a l  i n  d e f i n i n g  new 
problems i s  t h e  c o n s u l t a n t  a t  each u s e r  i n s t i t u t i o n .  The s o u r c e  of prob- 
l e m s  i s  u s u a l l y  w i t h i n  t h e  c i r c l e  of t h e  c o n s u l t a n t q s  c o l l e a g u e s ,  and 
because t h i s  i s  a f i n i t e  number, t h e  number o f  problems coming t o  t h e  Team 
shaws a d e c r e a s e  w i t h  t ime.  Thus i n  some i n s t i t u t i o n s  t h e r e  may w e l l  b e  
s ignif i c a n t  problems of which t h e  Team i s  unaware. Consequently,  i t  may 



to change consultants at certain ~clrar~als after a mu&er of 
" ~LeractHon, Careful. sel.e::.tion c f  21, new consultant could sig- 

broaden t h e  b a s s  of i.b"iteraction, 

developed considerable experience in problems at rehabili- 
rs This experience has shown c h a t ,  as compared with prob- 
r sectzons o f  the medical crrn~murrri py, the problems originated 

n cenEers tend td be a reqdirernen; f o r  a relatively simple 
;1 e-1 type of technology. There is also a considerable need 

f echnclogy , T h i s  requirement r e f l e c t s  no@: only the nature 
~ i t h i i r i  rehabilltation but also the philosophy of rehabiili- 

Ihd medical proSler0 i s  less s l g r  ificant because o f  

recnnoicgy is reduced, T h ~ s  iccteased problem selection 
app"L*ed In tfre reka'bil ira;son Area to assure that the 

requare 1dPSA tnchnology 

is relaaxi! to the  o the r  extreme 
la. h i g h l y  suphi-s  t i..cated f ethnology Q f  or 
F:..teractisn, of mnedical and NASA personnel 

to tr2.nsfe.s. the technology, In 
areas, it becomes necessary for the 

i e n t i s t  to work t oge the r  f o r  a 
t h a t  a format suck as t h e  sur&ner 

~~~~~~ chese nore I.e?i.gthy interactions 
h e  ~ u m b e r  of p r o b l e ~ n s  w i t h  very 

u b s t a c l e  LO the transter of technology to medicine 
X l t h o ~ g l l  ssgcrl'icaat efforts in the 

M S B  nave occurred, continued emphasis 
area ro overcone ~ 2 - s  major obstacle, The 
press [or ~rnpleme,  t atlnn w a t h i ~ a  their own 
large n ~ i n h e r s  of ~ ~ t s  tanding proposals asso- 

ca t i ans  at th x s t i m e  ; however,  continued care- 
p l i c a t l a n s  e n g ~ n e e r i n g  needs to be made, 

- r-3 p ~ l 3  ; :he ~ n c x e a s i n g  number of unsolicited 
F:cm b o t i ~  ~ n d ~ v l d u i i i  LS and medical schools The 
xncrease xs a r e s u l t  of increased awareness of the 

p a s t  s sccesses oE the pzograv,  H ~ w e v e r ,  an addi-  
lty A S  requ i red  iT the program is to continue to 

A s i a ~ ~ p o r  t, The Team recommends that publicity be 
a c t L v l t l e s  on a Local and national level in the 

s ~ g ~ l i  asslst in the continuing support by the 
t pragram, 



APPENDIX A 

PROJECT ACTIV ITY  SUMMARY 





TECHNOLOGY APPLICATIONS ACCOMPLISHED 

CP" 3 

TIU- 31 

DU-74 

DU-7'5 

!XI-9 

XI-lo 

OF-i 

OF- 2 

m-3 

TU- 9 

735-10 

Til- 22 

I@-99 

A Respiration Alarm 

Blood Pressure Measurement 

Respiratory Rate Measurement 

An ~mproved Technique t o  Y ie ld  Precise Information on 
Surface Morpho Zogy of Kidney Stones 

POTENTIAL TECHNOLOGY APPLICATIONS I D E N T I F I E D  

Automated Measurement from Coronary Angiograms 

Catheter-Mounted Pressure Transducer 

Testing of  Neuropathic Patients  

Epieardial Electrodes 

Improved Emulsion for Autoradiography 

Scanning Tumors i n  SmaZZ AnirnaZs wi th  GalZiwn-67 

Blood Embolism Detection 

Bone Density Measurement 

Lung Sound Detection 

Human Voice Analysis 

Quantization of Heart Tissue Hardness 

X-Ray Microp Zanigraph 

A Means of Subjecting an Excised Heart t o  Physiological 
&essure Pulse 



IMPACTS 

Computer Proeessing of Chromosome Data 

Animal Restraints for Primates 

Blood Pressure Measurements in Primates 

Blcod Flow Measurement in Primates 



CURRENTLY A C T I V E  PROBLEMS AS OF 3 1  MARCH 1971 

P r o b l e m  Status 
Nil~nS er -- Code* Problem Title 

Automated Measurements from Coronary Angiograms 

U t i l i za t i on  of Hodgkin-Huxley Equation for Determining 
the Propagation of Cardiac Action Potentials 

Catheter-Mounted Pressure Transducer 

Urine F l m e t e r  

Grooves i n  Glass for Cell  Growing 

Shadow Coating i n  Electron Microscopy 

Testing of Neuropathic Patients 

Epieardial Electrodes 

Measurement of Pleural Pressure 

Detection of Blood Vessels i n  Bronchus 

Llll- 8 2  B Maintaining Posit ion of Telemetry Capsule i n  Digestive 
Tract 

A Means of Stripping Insulation from Fine Wire 

A Means of Maintaining Tuo 25-Micron Wires i n  Fixed 
Relationship t o  Each Other 

Prevention of Electrode Migration i n  Tissue 

A Simple Method of Obtaining Electrical  Connection t o  
25-Micron Wire 

Sensors t o  Define the  Position o f  Spec i f i c  Parts of 
the Human Anatow i n  Space during Normal Locomotion 

Method of  Controlling Temperature i n  Open Body Cavities 
of Experimental Animals 

Precise, Remote MicromanipuZator Control 

A Simp Ze, Re Ziab l e  Means of Attaching Instrumentation 
t o  the Skin 

A Means of Uniquely Numbering Events Using One Channel 
of a Hard Copy Recorder 

An Implantable, Four-Channel Telemetry System EU- I0 

EL-1 2 

1 F34- 2 2 

A Rapid Method of Applying EEG Electrodes 

A Means of T~ack ing  Eye Movements While V iming  Printed 
Matter, Geometric Forms, and Pictures 

"See explanation of status codes at end of listing. 
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Status 
Code Problem T i t l e  

A Respiration Alarm 

p02 Telemetry Capsule 

Noise Reduction i n  Laminar F l o w  Rooms 

Lactate/Pyruuate Measurement i n  Blood 

Blood Pressure Measurement 

Controlled Rate of Freezing a Liquid 

Separation of White Cel ls  

Method of  Fast Warming of a Frozen Liquid 

E l l i p t i ca l  Lens 

Improved Emulsion for Autoradiography 

Scanning Tumors i n  Small Animals wi th  Gallium-67 

N e w  or Improved Methods of  Detecting Breast Cancer 

Analysis Techniques for Physiological Data 

Miniature Telemetry 

A Means of Characterizing Seizures i n  Laboratory 
Animals 

A Means of Determining the  Quanti ty  and S i ze  of  Cell 
Colonies i n  a Transparent Gel 

Intramyocardial S t ress  Measurement 

Enhancement of the Eff iciency of  Transfer of  Oxygen 
through the  Boundary Layer i n  Flowing Blood 

Security System for Computer Data 

Bonding of Metal t o  Ceramic 

Techniques for S t e r i l i z a t i o n  wi th  Plasmas 

Urination Detection 

Blood Embolism Detection 

&HI, 1 - 3 
NH141 - 5 

hTHti-b 

AhdIM! 1 

OF- :! 

t'?F - 2 

T! - 2 
TU- 3 

TU- 5 

TU-6 
TLL fj 

XI-9 

~rn- 3-9 

TU-14 

Bone Density Measurement 

Respiratory Rate Measurement 

Lung Sound Detection 

Measurement of Change i n  Heart Wall Dimensions 

Measurement of pC02, p02, and pH i n  Blood 

Telemetry System for Impedance Pneumography 

Human Voice Analysis 

Quantization of  Heart Tissue Hardness 

Le f t  Ventricular Volume Measurement 



S t a t u s  
Code Problem T i t l e  

Ce Z 2 Area Measurement 

X-Ray Microplanigraph 

Oxygen Measurement i n  Microgram Tissue Samples 

Tissue Preservation 

A Displacement Monitor 

Micro focused X-Ray Bems 

Counting Exposed Points on Autoradiographs 

Passive S t ress  Measurement 

Diagnosing Gait Abnormalities 

An Improved Fluid Pressure Calibration System 

Computer Processing of Chromosome Data 

Accurate Detemination of Arterial  Pressure Pulse 
Transit  Time 

Animal Restraints for Primates 

Blood Pressure i n  Primates 

Blood Flow i n  Primates 

A Means of Detecting Arterial  Pressure Pulse Wave 
Shape and Evaluating Differences i n  Wave Shape between 
Various Points i n  the  Arter ial  System 

Method of Determining the  Time of Transit  of a Time- 
Varying Waveform between Tuo Points i n  Space 

An Ergometer for Paraplegics 

An Improved Technique t o  Yie ld  Precise In fomat ion  on 
Swface  Morphology of Kidney Stones 

A Means of Subjecting an Excised Heart t o  Physiological 
Pressure Pulses 

Marking of Iden t i f i ca t ion  Method for Tools 

A Method t o  Eliminate Slipping of Total Contact Lower 
Extremity Prostheses 

Lightweight Powered Wheelchairs 

A Multi-Purpose, Remote l y  Contro Zled Linear Motion 
Activator 

An Improved Connector for Polyvinyl Tubing 

A SignaZZing (Nurse-call) System for Multiple Sclerosis  
Patients 

A Waterproof Sealant for Rubber-Coated Nylon Stretcher 
Pads 

A Means of Reducing Frict ion i n  Upper Extremity Pros- 
theses Control Mechanisms 



Prcblern Status 
Kwmber -- Code -- Problem Title 

14&RC - *! *I B A valve t o  Permit Easy Emptying of  Leg-Bag ~ r i n a l s  b y  
~andicapped Patients  

IVWAC - 2 3 B A Remotely ControZZed Device t o  Pick Up and Transport 
Single Sheets o f  Paper 

1VW.C - 1 4 R An Improved AxiZZary Strap 

STATUS CODE DEFINITIONS 

Problem Definition 

Pr*~blem definition includes the identification of specific technology- 
related problems through discussions with biomedical investigators and 
the preparation of functional descriptions of problems using nondisci- 
p l i n a r y  terminology, 

3, infomation Searching 

Xnfarmation relevant to a solution is being sought by computer and/or 
~ a - x ~ a . 1  hformation searching. 

C, Bz--1"!>1em Abstract Dissemination 

br) rnforniation search has revealed no potential solutions, and a 
~r3blen abstract is being circulated to individual scientists and 
engineers at NASA Centers and contractor facilities to solicit suggestions. 

Potentially useful information or technology has been identified and is 
being evaluated by the Team and/or the problem originator. 

E Potential. Technology Application 

Informatron or technology has been evaluated and found to be of potential 
value but has not been applied. 

F , Fnidow-a;rp Activity 

A ;e:hnol.ogy application has been accomplished, but further activity 
(~,e,~documentation, obtaining experimental validation of utility, continuing 
modification, etc.) is required. 



APPENDIX B 

DESCRIPTION OF CURRENTLY ACTIVE PROBLEMS (CATEGORIZED 
BY HEALTH AREAS) 

(This description does not inelude those aetive problems 
previously discussed i n  Section 2 as technology appZiea- 
t ions,  potential technology applications, and impacts.) 





REHABILITATION MEDICINE 

PWT:T,F,III El l - l  A Means of Stripping Insulation from Fine Wire 

I n  EMG studies of the spinal musculature, subcutaneous electrodes are employed. 
TbLe electrodes consist of fine wire which is placed in the desired muscle by 
neans o f  a hypodermic needle. The wire is 25-micron "Karma" metal with a 10- to 
:5-mic~on thick insulating coating of either nylon or polyurethane. In fabricat- 
i ~ g  these electrodes, it is necessary to strip the insulation from both ends of 
t:!ie x~rire, from the exterior end to permit connection to a preamplifier and from 
the interior end to provide the electrode pick-up surface. A reliable means of 
removing the insulation from the wire is desired. A commercial solvent used at 
Lailgiey Research Center has been suggested as a potential solution to this 
?roblem* The manufacturer of the commercial solvent has been contacted, and 
samples have been obtained for evaluation. At the present time, the researcher 
is evaluating the use of these materials in actual clinical trials. 

PRORLBJ? EU-2 A Means of Maintaining Two 25-Micron Wires i n  Fixed Relation t o  
Each Other 

S~bc~~taneous electrodes formed by stripping the insulation from 25-micron 
w:Lres are. employed to pick up EMG signals from subsurface musculature. Two 
2lectrndes are inserted simultaneously with a hypodermic needle. Movement of 
:ne electrode with respect to the other causes signal artifacts, movement from 
the desired site, high impedance, or even shorting of the two electrodes-- 
depending on the direction of relative movement. The wires are 25-micron 
"Karma" metal with a 10- to 15-micron thick nylon or polyurethane insulation. 
4 means of attaching the two wires together so that they lie parallel to each 
o the r  is desired, This would prevent the relative movement which is causing 
d L E f i c u l t y  at the present time, Any material us d to accomplish this must be 8 
nonconducting with resistivities in excess of 10 ohms per square. The diffi- 
clalty of working with wire in this small size must be appreciated, and it must 
be possible to prevent the material from covering the bare ends of the wire 
.cl?l~ich are employed as the electrode surfaces. Since the electrodes are injected 
.i,nt:c tissue, any material used to attach the two wires together must be non- 
irritating to human tissue, In addition, it must be easy to apply and must be 
able  to withstand body fluids without electrical degradation for up to an eight- 
hour period. Finally, the overall diameter should not be increased by more 
tlzaa 20-30 microns. Vanual searching is now being accomplished, 

PROBIdE7\17 RJ-3 Prevention of ~Zectrode ~ i g r a t i o n  i n  Tissue 

111 XMC studies of the spinal musculature, fine wire subcutaneous electrodes 
are  hypodermically injected through the skin and directly into the muscle 
whose EMG signals it is desired to monitor. The electrode wires pass through 



tne s i c i ~ ,  subdermal fatty tissue, and directly into the muscle which is 
cisntra:t-Lng and relaxing. Relative motion in these tissues occurs as a result 
a+" cnqtractlon and elongation of the monitored muscle movements of the patient. 
T ' h ~ s  relative motion seems to cause the electrodes to migrate (not infrequently, 
th2y dizhdraw completely from the muscle under study) so that the precise. region 
">ping m n i t o r e d  by the electrodes is no longer known. A technique or method 
"9 s i s b i t i z e  the position of subcutaneous electrodes in active muscles For 
o r ~ l o ~ g e d  periods of time (at least one month) is desired, The techniqae must 
QE anenable to hypodermic injection of the electrodes with no further incisions 
beang permitted, Manual searching is presently being accomplished. One material 
og p c i r e n t i a l  application to this problem is the Nitinol alloy with its memory 
Dropesttes, Specifications and properties of the Nitinol alloys are ~resently 
b t ? i r ~  evalasted with respect to the requirements of this problem. 

?"i;Ri,'r'i\: f14-4 A Simple Method of Obtaining EleetricaZ Connection t o  25-Fdicron 
Wire 

' 7  v,~:es '2a~i j r lg  a 25-micron diameter are as fine as human hair, They are fragile, 
J b f f ~ c u ~ t  to see, and even more difficult to handle, EMG studies are presently 
being made of the spinal musculature using these fine wires as subcutaneous 
2"-eccnodes, The wires are stripped of insulation on one end and hypodermically 
inje:t~d into the muscle whose signal it is desired to monitor, The end of the 
I ~ - , -  ,,,isode wtre not in the muscle protrudes through the skin approximately 1 to 

4" t a c h ,  This end of the wire has approximately % inch of the insulation 
m & c e r r a i  removed, The external end of the electrode wire must be electrically 
c c > x s c r e d  to an integrated circuit preamplifier strapped or taped nearby on 
ti-is 3,:rien"i Soldering, welding, or other bonding techniques which pose a 
real or psychological danger to the patient cannot be employed, The present 
xer?icL? of making this connection uses a coiled spring as the input terminal to 
the a r ~ a ~ r l p l i f i e r ,  Connection is made by pulling the spring apart, inserting the 
b a r e  eiectrade wire, and allowing the spring to compress back down on the wire. 
il is r e s u l t s  essentially in a pair of point contacts which yield unreliable 
c o x t a c t  w i t h  large variability in the resistance of the contact, Use of the 
L~ASA-developed spray-on electrode composition has been suggested to the researcher 
2s an adrn,esive which can provide electrical contact and connection for the wires. 
T i i r i a i  trials have indicated that the dry electrode material is very easy to 
apply---requiring only the use of an artist's small, camel-hair paint brush (or 
even a natchstick for that matter), and reliable contacts have been made with a 
-~umtel- ;sf electrodes on patients. The researcher is evaluating this technique 

a 5eries of trials to determine its applicability, 

2 1 -  5 Sensors $0 Define the  Position of Speci f ic  Parts of the Human 
Anatomy i n  Space during iVorma2 Locomotion 

Pian3 a w u l l e s  involving gait, locomotion, spinal damage, etc., require the 
nleasQreaent with time of the positions and orientations of various bones with 
saspecc to each other or some external reference. Photographic and TV techniques 
qp.irns?oone or more reference grids have been employed to obtain this information 
in. a sore or less framentary and difficult-to-quantitate fashion. These tech- 
n i a u e s  require that the measurements be taken in a laboratory or other prescribed 
envlronaent in order to maintain proximity to the optical recording apparatus. 



A t c C ~ c h a b l e  sensors to indicate coordinates or relative motion of the body parts 
ars  desired in this problem, The researcher wishes to study subjects free- 
ranging in their normal environment. As a result, TV and optical techniques 
r q u i r i n g  external reference frames on which the subject must be superimposed 
are not usable. Basically, a sensor or sensors which can detect the position 
in three dimensions (either relative or absolute) to a precision of at least 
5 nu) i.i each dimension is desired. A search of the aerospace literature has 
Seen conducted, and further searching activities at NASA Research Centers is 
a:i tic i?ated, 

Wt'FiLtY FU-6 Method o f  ControZZing Temperature i n  Open Body Cavit ies of 
ExperimentaZ Animals 

TY) neurological studies of the spine, experimental animals are surgically 
awned  in the abdominal or chest cavity to expose the spine, and at the same 
t & T e ,  t h e  neck is surgically opened to expose the spine in that region, 
E l p c t r i c a l  potentials are recorded using precisely positioned microelectrodes. 
These measurements are sensitive to small changes in temperature, To reduce 
these thermal effects, the cavities are filled with a liquid which does not 
i n t e r f e r e  with the measurements being made, Unfortunately, this does not pro- 
V:IE sufficient thermal control. During the process of the experiment, the 
Lcnperature of the liquid drops as a result of cooling of the room atmosphere. 
3asica l Iy ,  a means of controlling the temperature of the fluid in these open 

0 
cavities to within 0,1 F. is desired. The introduction of additional wires or 
a c i c r  electrical apparatus into the body cavities is undesirable. Alternating 
c u r r e r ;  fields must be specifically excluded from the vicinity of the animal 
s;nc; they are likely to interfere with the measurements being taken. A 
scarc5 of the aerospace literature has been accomplished, and the researcher 
is presently evaluating the documents produced by this search. 

PRCBLD/i EU-7 Precise, Remote Jlicromanipulator Control 

7- r i e l a  nz~ping of potentials using microelectrodes is a technique employed in 

neuropbysiological research. In this technique a micromanipulator is used to 
p x i : i . o n  nic~oelectrodes in X, Y, and Z directions. Positioning must be 
accurate to 25 microns in the X and Y directions and 21 micron in the Z direc- 
L O  Manual positioning of the micromanipulator is thus a time-consuming and 
Iabarii-rus process in order to provide the field mapping required. A means of 
auto~)atXeally positioning the micromanipulator in X and Y directions and then 
s t z p p m g  in the Z direction in steps of one micron under remote control is 
desired, Such control of the micromanipulator would greatly facilitate the 
gathering of these data. Basically, X-Y control with a micromanipulator may be 
a::arnplished separately from the Z control. Once the X-Y position is achieved, 
the Z direction must then be stepped in one-micron increments. The micro- 
manipulator employs three orthogonal lead screws to control X, Y, and Z movement. 
One complete revolution of the lead screw produces a linear motion of 500 microns. 
A search of the NASA literature failed to retrieve any direct solutions to this 
pr3blern, A search of NASA tech briefs revealed two tech briefs which are 
pertpherally related to this application. These tech briefs have been supplied 
to the researcher. If, in the researcher" evaluation, the techniques described 



In the tech briefs are applicable to this problem, then contact will be made 
v ~ t h  aresearchers at the NASA Research Center from which the tech briefs origi- 
 are^! +or further information, 

3 1 1 - 8 A S i m p  Ze, Re l iable Means of Attaching Ins tmunentation t o  $he Skin 

S e ~ ~ l i c s  iul human gait and locomotion frequently require instrumentation to be 
a ; t x n e a  to human limbs to measure various parameters, such as angular relation- 
shlss hetween bones, rate of movement, and displacement, Standard te~~hniques 
3.C a c t a c h i n g  the sensors, etc,, have employed various kinds of straps or wrappings, 
"+lnForrunately, because of perspiration, vibration, and shock encount~~red during 
7-atxirg,  these techniques are very unreliable. Basically, improved aethods or 
cec~-ir~zques are desired for attaching sensors to human limbs so that a fixed 
r ; g . l l , ? i i l~ i sh ip  between the sensor and the limb to which it is attached is main- 
L ~ C - I C ~  cqroughout the locomotion studies. The attachment method must withstand 
' ~ e  + k s ~ c k  and vibration associated with human locomotion while maintaining the 

f "  
L L X C ~ C  a{-zachment relationship desired, Any materials placed in contac"cith the 
s k A 1  FU-SC be nontoxic and nonirritating and must not be affected by perspiration. 
3 3 ~ 3  L G  abtachent and removal are also necessary, A search of the NASA litera- 
t1.i-2 1,as fall& to yield a direct solution to this problem, Additional manual 
sir?ercr?igg by the Team is contiming, 

2 - 9  A iVeans of Uniquely flurnbering Events Using One Channel of a Bard 
Copy Recorder 

ht xrlr Sehabilitation Research and Training Center, most r6%search projects and 
z t u d - s s  <I*$ neurophysiology empioy computerized data processing techniques, In 
maay o f  t h e  clinical tests, however, the data is recorded on hard copy using a 
a l ~ , , : - h a 3 n e l  recorder because relatively small amounts of data are involved, 
3;rfnf cnase tests, EMG signals are recorded as the patient follows a specified 
a r o i ~ r n i  of movements. The EM2 signals are thus recorded sequentially, In 
DT~.P:- to scalyze these signals, it is absolutely necessary that any given sig- 
aG~I DE znlquely identified with the precise motion of the individual, Extraneous 
siqna~s a r e  produced by the patient between steps in the protocol; not infre- 
q v e ~ t l y ,  patients do not perform the movement properly and it must be repeated, 
-, n i s  iesds  to confusion and difficulty in correctly identifying the EMG signal 
xglth the particular step in the protocol which produced it, A simple means of 
aoijvely indicating on one channel of a hard copy recorder, the number of the 
step .in rhe protocol being accomplished by the patient as well as the beginning 
had e n d l c g  of the step is desired. Entry of the data into the recorder should 
he e a s s l y  accomplished by the researcher or clinician--preferably by depressing 
a ouck-burton, Up to 100 steps may be required in the protocol, although most 
psecec!-~rss are considerably shorter in length, A computer search of the aero- 
space I~texature has been conducted, and the researcher is presently evaluating 
the p i a t e r i a l  contained in this search, 

PRCR:l!--wS EL[-10 An Implantable, Four-Channel Te 'lerne-try System 

4 s  part sf a continuing research program in neurophysiology at the Rehabilitation 
xeseavzh. and Training Center, a numbclr of large primates (apes) are to instrumented 
so 9s tc? obtain records of the EMG slgnals from specific muscles during 



rree-ranging activities in a pen, No restriction on the motion of the apes, 
o r h d -  than the geographic bounds of the pen, are desired; therefore, a telemetry 
s;seem is required, Implantable units are desired although some compromise may 
be nossible in this area. Four data channels are required, and the signals to 
Re ?ransn i t ted  vary from 50 microvolts to 2 millivolts within a frequency spec- 
trim of 111-200 Bz, Linear output from the telemeter is desirable. A total 
i ) , ~ t t e r y  -Life of 24 hours is adequate, Remote activation and deactivation of 
thkb transmitter is desired so that data can be collected for one or two hours 
P cI1-v OVCT a nominal ten-day period. It is expected that the receiver and 
remoee control.  unit can be placed 10-15 feet from the animals so that a range 
sf 15 feet is required. Information on multichannel implantable telemetry 
s - ~ L % m s  developed at the Ames Research Center has been forwarded to the researcher. 
It xz felt that these units meet all the specifications of this problem. The 
resecirches is currently evaluating the Ames-developed telemetry systems to deter- 
m"ng3 r h e  feasibility of fabricating units for use in this research program. 

i"Rii9T,E!11 iYJ-12 A Rapid Method of Applying EEG Electrodes 

- - ine zesearcher is currently conducting an experimental program that has as its 
fundanental objective a better understanding of how people process information 
az the cortical level, One aspect of the research at the present time involves 
ser5orq-motor unit training (this represents the smallest control function that 
-aE be obtained) of individuals. In this program, audio and visual clues or 
s t i~-asui i  are given to the subject, and the ability of the subject to control 
sevsory-motor units is evaluated. Also underway is a program of modeling the 
processes of sensory-motor information of individuals. It is desired to extend 
these programs to severely mentally retarded children. The objective is to 
o b h i . ; ~  n quantitative measure of the neurological dysfunction of the child, This 
is eutrenlely important information to obtain because, if a child can process 
sersory  information, he can be rehabilitated. On the other hand, if he cannot 
orccess  sensory information, there 5s little hope for rehabilitation. As a result, 
a quai~titative measurement of neurological dysfunction in the child is extremely 
1 r ~ o ~ t a n i  to rehabilitation of the child, Electroencephalograms are useful in 
maksrrg t t x s  determination. Unfortunately, severely mentally retarded children 
o r e s e n t  a significant problem with respect to handling so that conventional tech- 
nisues oS: applying EEG electrodes and taking the EEG data are virtually useless 
[tZ-hi cl1i13 simply will not tolerate the procedures involved in attaching the 
erect-sdes) .  For these children, a means of quickly applying and removing the 
7- fiEL ' -  electrodes is required. The NASA-developed EEG helmet is thought to be a 

pcreat~al solution to this problem, Data on the EEG helmet has been furnished 
to the researcher, and efforts are being made through NASA's Technology Utilization 
D i u : \ s i o n  to obtain one of the units for evaluation at the researcher" facility. 

%OEX,DI JRM- 2 2  A Means o f  Tracking Eye Movements While Viewing Printed Matter, 
Geometric Foms, and Pietures 

Visual scanning difficulties in one side of the visual field are often encountered 
in the hemiplegic patient. These scanning difficulties interfere in the process- 
ing 05 visual information. They prevent the hemiplegic from singling out 
D e r t i n e n t  cues that are involved in visual-perception tasks. Some tend to ignore 
visual stimuli located on their impaired side; others render false information on 
the i~~pa-ired side, and as a result, spoil the information on their intact side; 



T,rB!~ <~t i"L-~  others compensate by turning their heads. These difficulties affect 
tie : o g a l t ~ v e  functioning of the hemiplegic and have consequences for act~vities 
.I! '? s c l a i l y  life--such as reading, dressing, and manipulation of his wheelchair, 

I err .s a l s c  a relationship between scanning difficulties and accidents in the 
k & ~ ~ p ~ - g i c  population, The researcher wishes to explore the movements of the 
t,- r.; r ; ?  l c -  I-he patient is viewing printed matter, geometric forms, and pi-ctures. 
" i =  -ifsrn~dtion will permit comparison of hemiplegic patients with normals and 
I.7p.f i l i y  ~ r l i l  permit the characterization of eye movementss. This infcrmation 
: l i l Z ~ ~  znen be employed in appropriate individual programs of retrainins to 
clir?--,13 te -r reduce the visual difficulties of the hemiplegic, 

A ?  0 : ~ i  ~i-net.er developed at the NASA Electronics Research Center has 5;1l the 
" ~ C ; T I ~ * . ~ " L  capability required to solve this problem. Unfortunately, its cost 
.? q 1 l L e  b.gh, and efforts to obtain a unit on a trial basis have been unsuccess- 
"-,I. 1 " f c ~ i : s  are continuing to be made, however, to obtain such a unit for the 
-, - S a ,  Li -wr.~eT' i n s use, Another unit has been identified which potentially could be 
o: .,,Lee t i 3  the solution of this problem. This unit is an automated visual 
iens -~vitp tester developed at the NASA Ames Research Center, Detailed informa- 
LO" n -  che automated sensitivity tester has been obtained from the Ames 
Kc~e,ir~hCer._-rs'lzer and is being evaluated by the medical researcher, 

0 A Passive Stress Measweinent 

T L i ~ u $ s l ~ $ i s  of Americans suffer loss or impairment of their limb functions, 
AT:I"L~"~".;; Lirnbs offer a degree of rehabilitation for many of these persons who 
x e  "do 2"b"le to resume some of their normal activities, A problem which is 
~ , ~ ~ ~ r l i n g  tho development of improved limbs is the lack of knowledge as to why 

.;...** 7 - 1  ~ , - ~ n  designs lead to more complete rehabilitation than others, To resolve 
t i i s  p.cohl_em and, therefore, to establish better design criteria for artificial 
17m>s, a researcher wishes to implant a stress sensor within certain muscle and 
: s t r ~  -issue sf the knee, The information derived by this approach should define 
chose stress conditions that are brought about by various artificial limb con- 
L g t ;  3 t i m . s  and identify those stress conditions that are compatible with more 
s O~ID 1 ere rehabilitation. 

,\r ;mo,ai:rahPe, passive stress measurement system, i,e,, one which accepts 
:-i>p;;~: f roir  a remote location and reradiates it with a modulation determined by 
ene applied stress, would provide a means of extracting stress parameters from 
pattencs w"rhout interfering with their limb movements. Of primary concern is 
_hat tho device be completely implantable and capable of periodic use over a 
2- r a  J-yea- period, 

A l,,e;a;.sr--c search failed to uncover a solution to this problem, The Team 
T+,,s a5;o to identify an engineer at NASA's Ames Research Center who had built a 
7:) i ;s~t~e st;ess measuring device, Technical information on this device was given 
7:~ I<? p~o"!>?:lcm originator and is presently under evaluation, 

?XTii9LFi\/i I//Y,! - 2 Diagnosing Gait Abnomali ties 

T'L:oldaa_l~di; 01- knericans suffer loss or impairment of their limb functions, 
2,rtxUiciai iinibs and therapeutic treatment offer a degree of rehabilitation for 
nr l r i j  3' t hese  persons who are then able to resume some of their normal activities. 



In L I L ~ C ~  co correct gait abnormalities, it is desirable to have some means of 
qsa - i i i t a l  ing the abnormality. Preliminary experiments employing triaxial 
ac:e?eroineters attached to various points on a patient's leg indicate that this 
t e c ' i n i q u e  might be used to detect and quantitate gait abnormalities. In addi- 
tion, r h i s  technique would provide a means of measuring a patient's improvement 
air.-.*- having suitable prostheses and therapy. It is planned to attach triaxial 
acc~>ieraneters to four positions on the leg. Manual analysis of the records is 
tgo cumbersome and time consuming for the full potential of this technique to 
be realized, An automatic means of analyzing the accelerometer data is nec- 
essary to make this information useful for diagnostic purposes. 

A p1-05iem statement is being prepared for dissemination to the NASA Field 
re-8 -zrs, 

?i?Oii,3vq 7.VbvRC-2 A Method t o  Eliminate S l ipping  o f  Tota l  Contact Lower 
Extremity Prostheses 

T ' l l t , i t  csntac'i: lower extremity prostheses (artificial legs) have been developed 
6 ." _ - _  b c ~ ' i ,  below- and above-knee applications. Difficulties have been experienced 
dit i- rhe above-the-knee prostheses, however, in that they tend to slip off, 
T: ,13fective of total coaezct prostheses is to eliminate straps and other 
estcT-7'31 means of keeping the prostheses in place, The prostheses are made to 
f i t  ;'if iridrvidual stump. A hole is left in the bottom of the prosthesis socket, 
ana t h e  user inserts the stump into the prosthesis and seats it firmly into the 
? r o s t \ e s i s  socket, A valve is then placed in the opening at the base of the 
stLT, i?  thas providing a seal, It is generally thought that the suction generated 
-;he" " e  prosthesis begins to slip from the stump is actually what holds the 
p r 3 s r h e s . i ~  to the stump, There is no means to dissipate the heat and water 
4123i i7-r  Crc?ni the stump so that even in mild weather, perspiration freely bathes 
th? .;t-imp and the socket of the prosthesis, When this occurs, the prosthesis 
r e g i n s  tc slip and eventually loosens or comes off as the user raises the pros- 
t ! ~ e a i s  in the process of walking. The fundamental problem is to prevent the 
Dr3sLIlesis from slipping off the stump. The most obvious solution to this 
9r:bLer is to eliminate the perspiration, Indeed, to this end antiperspirants, 
ocwJeus, and cotton socks to absorb the perspiration have already been tried 
w i t h  7itr4e or no success. Indeed, imsufficient studies have been made to 
determine whether it is even desirable to prevent perspiration unless the stump 
Lq cooled sufficiently to reduce perspiration. Most wearers of prostheses have 
near balance problems already as a result of their reduced surface area, so to 
redrice heat loss by eliminating perspiration from an additional part of the 
body might interfere with the heat balance of the body. In addition, the pros- 
these; as presently manufactured are unnecessarily heavy because of the manner 
i . rz  c'ltichthey are fabricated and the materials which are used in the fabrication 
Drocess, Several other fundamental engineering aspects in the general philos- 
o7h-y of total contact prosthesis design are involved in the solution to this 
~ r o b i e r n ,  At the present time, information is being gathered on these aspects of 
the problem, and evaluation is in process. 

PR3X%,FRl l\Jl+RC - 3 Lightweight Powered free Zchairs 

The development of powered wheelchairs has significantly increased the mobility 
of the handicapped who are unable to walk. Around the home, at work, or in any 
o t - n E r  level area, the powered wheelchair has made a significant contribution to 



:I-, rchaa,  lftation of such handicapped persons, A problem, which exists for 
i~g,Yar vrcelchairs as well, 1s that they do not interface well with other 
)e*a- ,  n' transportation* The problem has been alleviated somewhat with con- 
v - ; r - s ~ a L  wheelchairs by the design of Lightweight folding units which cpn be 
sbCI.i- ,. 2 . r  ?he trunk of an automobile or placed upright on the floor behi~nd the 
\PO-' ~241~" The handicapped person himself is frequently able to fold the chair 
" la . ' 7 ace ~t behind the front seat, This increases his mobility and se7f- 
c ~ r f - 3 ~ - n c t - ,  both important factors in the rehabilitation of the individual, 

i s  i l  
,,LL I r13~it ~swered wheelchairs, it is a difficul-nd time-consuming job to fold 
:?e c r n L r ,  and it is sufficiently heavy that it is a difficult job to Load even 
f ~ -  .I - ~ , r n ; a i  adult, Further, the problem is complicated by the fac"rrbat lead- 

- - - -  ,d $ -,>rage batteries are used which, if turned over, will result i~ spillage 
- E  .r J Tke problem originator is interested in advanced design techniques 
n ,: ,-,L;) b~ employed to reduce the weight of powered wheelchairs, "he most 

a .  

~ 1 . c ~  1 ,~*di.dates for weight and size reduction are, of course, the drive 
P E L  r 1; LST a c d  the storage battery, 

of searching the aerospace literature, a number of publications 
gy density batteries and lightweight high-efficiency electric motors 
otential for red.ucing the size and weight. of powered wheelchairs has 

to the problem originator, The problem originator plans to use 
Ion to contact one cf the commercial manufacturers of powered 
determine if reduction in size and weight could be incorporated 
designs 

4 A 2i tipurpose, mote Zy Contra ZZed Linear Ac  c iva toy 

- L , r ;  ., the handicapped for gainful employment, the cori:~, nf machines is 
Y C - , ~ ,  zL, a segnificant problem, Vocational. training to pel-TI-: the handicapped 
J c ,  - 1 "  i n t ics t r ia l  sewing machines and thus find gainful erLip?o);ment is one of 
t A 2,:s .)f activity at the tJoodrow iSiLson Rehabilibtion Cer~ter of the Virginia 

S e1.t I 'n,a:l, of Vocational RehabtEitation, A particular problem %rases when the 
I wpci , l  'has lost the function o f  both legs, Industrial 3 e ~ ~ : n p  machines 

I -L - r ti number of ways frorn xheir home counterparts. il;irst, they operate 
L , ~ c i  higher stitch speed so that rather precise speed control and virtually 
11- r I r c rn-.:>us stopping is required, Second, the sewing machine morors run 
3 t iixs.t.:ly at a constant speed, The stitching speed is controlled by a 
:I~,J :- ~ n d  make combination and is activated through a lever arm and mechanical 
11: 4;ib-e I-' foot treadle, h%en the foot treadle Is depressed, the brake on the 
~e T - L ~ :  ~:ai:blia~e drive is released and the clutch is engaged by means of a conical 
11, , r~c  7-c ~i-snlsm, The speed at which zhe sewing head is driven is proportional 

!-~e nrnL>~Jnt. the foot treadle is depressed, When the foot treadle is released, 
nc 3 crce J S  activated to stop the sewing head almost immediately, It is very 

: 9-%t, - ; * - , i t  - ;hat this almost imediate deactivation be retained since it is abso- 
_ d - , i 4 r  ,lecessary for the operator to sew as rapidly as possible up to the last 
I , I ~ Z  I: liel7o.-e he has to stop the machine to turn or remove the material, This 

-,-1, s o - L : I ~  speed must be maintained in order for the hanclicapped to remain com- 
3e-:,L I J  t% the normal operator and thus be employable, F~nally, in the 
":z?,sxir~al enviroment, most machines are operated on a two- or three-shift 
! -  Consequently, no permanent modifications to the machines can be tolerated, 
418, ,~:r~<-i: "azy mechanisms required by the handicapped must be removable so that 



the machine can be converted to normal operation quite rapidly and without tools. 
A search of the aerospace literature has been made, and no directly applicable 
technology has been found. Searching is continuing on this problem. 

PROBJ,flI IWRC - 5 An Improved Connee tor  for Po2 yviny 2 Tubing 

Many 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 poly- 
vinyl tubing to the leg-bag 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 connected 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 from the leg-bag is much more 
difficult and can be quite hard for a person of normal hand strength to accom- 
plish, Many of these patients have reduced strength and partial loss of 
function in their hands, so it is even more difficult for them. It is important 
t ha t  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 
inp-rove their mental outlook. Because of the difficulty presented by the 
cornlectors now in use, many of these patients require assistance both in the 
evening upon retiring and in the morning. This is very undesirable both from 
the patient" and the therapist's viewpoints. A new type connector which re- 
quires less strength to connect and disconnect but which provides a leak-proof 
conneetiorn is desired. 

A suggesrion from the George Washington University Biological Sciences 
Communication Project was received which indicated that a commercially available 
connector might have application to this problem. This information was relayed 
to the problem originator who plans to order several of these connectors and 
test their applicability to this problem. 

PROBLBf \hJt\RC-10 A Means of  educing Frict ion i n  Upper Extremity Prostheses 
Contro Z Fkchanisms 

Many currently used upper extremity prostheses rely upon cables to perform the 
actual control function. Generally speaking, a cable harness arrangement is 
used to permit operation of the hook so as to obtain pinch. One of the diffi- 
culties encountered with these types of prostheses is the fact that a significant 
amount of effort is required to operate them. In examining the causes of this 
effort which is required to operate the unit, it has been determined that as much 
as 40 percent of the energy is consumed as friction loss in the cabling mecha- 
nism, An effective means of reducing this friction loss to as low a value as 
possible is desired. The Team is continuing to investigate this problem and 
search for solutions. 



O F  - 1  A Valve t o  Permit Easy Ehptying o f  Leg-Bag ~ r i n a Z s  by 
Handicapped Patients  

Yany handicapped people do not have control of their urinary functions. These 
~ e o p l e  must wear a polyethylene bag strapped to their leg which collects the 
u r i n e ,  The present leg-bag urinals have a tube coming out the bottom end of 
?he bag which is used to empty the urinal, The tube is closed by a clamp 
which clamps across the tube and prevents the flow of urine except when the 
~ a t i e n t  wishes to empty the bag, The present clamp must exert a significant 
arnaixt of pressure on the tube in order to eliminate all leakage. Unfortunately, 
the clamp is very difficult to operate in that it requires a great amcunt of 
force and significant manual dexterity to either open or close. The people 
tii'~.o wear these leg-bags generally have severe disabilities and experience great 
z i f f i c u l t y  in operating these clamps. Another means of draining the leg-bag 
urinal is desired. Easy operation is of paramount importance. 

A f l e x i b l e  ball check valve employed as one component of a prosthetic urethral 
valve was identified as having potential application to this problem. This 
zheck va lve  can be operated merely by pressing on the side of the valve's 
oody, When the valve body does not experience mechanical distortion, it pro- 
 ides a leakproof seal. Such an approach appears ideal to the solution of this 
problem., Efforts are currently underway to fabricate a control valve for use 
In this application. 

PROBL,FJI IVWG - 13 A Remote Zy ControZ Zed Device t o  Pick Up and T~anspor t  Single 
Sheets of Paper 

The number of vocations open to severely disabled quadriplegics is extremely 
Ilmited, Many such patients maintain little control of their musculature, 
and t he  only basic proficiency which they can acquire is to punch pegs or to 
press keys on a keyboard. The training Division of the Woodrow Wilson 
Rehabilitation Center is constantly seeking vocations for which these patients 
can be trained, A commercially available bookkeeping machine permits the 
bookkeeping function to be accomplished by merely entering data into the proper 
categories on a machine keyboard, Quadriplegics can operate the machines as 
Ear as entering the data is concerned. In most businesses, however, the data 
is not in a form which is readily visible to them. For example, in most 
instances businesses which would employ a quadriplegic to do this sort of 
ac tsv izy  (perhaps in his home) would bring a stack of tickets to the quadriplegic 
for him to enter into the machine. This poses a difficulty since the quadri- 
7legi.e cannot reach over and remove the top ticket from the stack. Consequently, 
since he cannot gain access to the tickets underneath the top ticket, he cannot 
use the machine unless someone is present to transport the top ticket off the 
pile and I n t o  another pile as he enters the data. A simple device which can 
be remotely controlled by means of a single button to pick up the top ticket on 
a stack of papers and then to remove that ticket to another geographic position 
nearby is needed, Since the quadriplegic is certainly marginal in performing 
even this kind of an operation, the cost of implementing any solution to this 
problem must be sufficiently low so that the use of a quadriplegic in this 
operation would not be completely unfeasible from an economic standpoint. A 
cas t  9 f  $200 or less would not be considered prohibitive. Initial searching of 
:he azrospace literature has begun on this problem. 



T"I"PAL,FPd'i !@RC - 14 An Improved Azi E Zary Strap 

Comon%y used upper extremity prostheses employ a cabling arrangement to 
operate the hook so as to obtain pinch, thus permitting items to be grasped and 
transported. In operation, the cable is passed across the back of the patient 
and 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 infrequently constructed of canvas to which padding 
has been added. Unfortunately, when the wearer of the prosthesis flexes his 
s h o * ~ l d e r s  to achieve pinch on the prosthetic hand, the saddle tends to curl up 
until it actually resembles a rope, causing concentration of all the force 
beirrg exerred by the shoulder and arm on a very small area, This frequently 
resnits in sore spots caused by the excessive pressure being exerted and reduces 
the effectiveness of the patient in operating his prosthesis. Basically, a 
rneaxrs o f  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 
essectially be a universal device which can be applied to any patient requiring 
an upper extremity prosthesis. This means that individually fitted straps that 
m i g h t  be contoured to the patient's arm or shoulder would not be acceptable. 
The strap must be capable of use by a large number of people. Primary con- 
straint on the solution of this problem is low cost. Implementation of any 
solution should not require the expenditure of more than $15-25 for each 
axillary strap. Initial searching has begun on this problem. 

MENTAL HEALTH 

PT4QBLW ?JIZ\W- 9 Urination Detection 

One of the significant problems facing the National Institute of Mental Health 
is concerned with geriatric patients (patients over the age of 65). A fre- 
quent problem with these patients is incontinence of urine (the inability to 
control urination) and the lack of realization by the patient that urination 
has occurred, As an example of the extent of this problem, in one Veterans" 
~dministration hospital over 200 of the 2000 patients were incontinent, and 
the staff time and effort required to keep the patients dry significantly reduces 
the staff time available for activities such as group therapy or occupational 
~:kei"apy, 

It is belxeved that if the nursing staff could be made aware of the onset of 
u r i n a t i o n  by patients, the patients can be trained to respond to the sensation 
o f  a full-bladder by promptly being taken to the bathroom; this procedure has 
been effective with children who wet the bed. 

A traxsducer is required for detecting the onset of urination. If an appropriate 
transducer can be found, the output of the transducer will be telemetered to a 
central nursing station. 

The patients wear cotton work pants with no underclothing, and it will be possible 
to measure moisture in the pants without requiring a direct attachment to the 



genitais, The transducer must be small and lightweight because the patients 
are generally confused and might not tolerate bulky equipment strapped to them, 
"Total weLght of the transducer must be on the order of ounces, 

This (3roSlem can be solved using miniature telemetry systems developed at Ames 
Research Ceslter, Because of lack of resources, this proposed solution cannot 
be i n ~ i e m e n t e d  at this time. 

DETECTION AND mEATMENT OF HEART DISEASE 

'C?ROBLBl/I CP-6 Ut i l i za t i on  of the  Hodgkin-Hwley Equations for Determirling the 
Propagation o f  Cardiac Action Potentials  

The present understanding and capabilities for the diagnosis of cardiac diseases 
suck as myocardial infarction are limited by the lack of a precise quantitative 
description of the propagation of cardiac action potentials. This quantitative 
description requires the solution of a nonlinear partial differential equation 
developed by Nodgkin and Huxley, 

In 1352, Bodgkin and Huxley developed and tested a set of differential equations 
wh-ic1-i describe the electrical properties of the excitable membrane of the squid 
mrve fiber, Since then the range of application has been extended in two ways. 
7- r i r s t ,  r h e  original equations have been applied to a wider variety of phenomena 
zn s q d d  nerve, including the effects of temperature on the propagated action 
potent-Lal, rhe repetitive firing observed in low calcium concentrations, the 
prolorag-ld action potentials produced by tetraethylammonium ions, and the hyper- 
polarizing responses observed in high potassium solutions, Second, the equations 
have been applied to other excitable tissues including myelinated nerve and 
c n r d i a e  must-le. 

;he wnvk described in this problem statement is concerned with incorporating 
recent cardiac muscle data for the dependence of potassium conductivity into 
rhe Kadgkin"-Buxley equations to study the propagation of cardiac action potentials. 
d solution to this basic research problem in cardiac physiology would have 
m p o - t a n t  clinical and diagnostic consequences. 

Covputer programs are needed to solve numerically the Hodgkin-Huxley equation 
for the case in which the sodium and potassium conductivities vary with position, 
time, and potential, to be used in basic research on the heart. 

A campGter program used for aerospace thermal problem solution is being evaluated 
3s a potential solution to this problem, The program was obtained from NASA and 
evaluation on the problem originator's computer is underway. 

P203lqX!~! IN-68 Grooves i n  Glass for Cell  Growing 

A proposed method of growing oriented cardiac muscle cells requires troughs or 
grooves,  10 microns wide and deep with a length of several centimeters, in a 
glass surface, A simple method for producing the grooves is needed, 

The grooves are to be produced on a special type of microscope slide cover glass, 
T1:e cover glass is a disc 45 mm diameter and 0.16 mm thick, The bottom of the 
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groove should be optically clear if at all possible because the researchers 
eprpioy an inverted microscope looking upward through the glass at the cells 
growing in the groove, Also there is the possibility of a two-layer structure 
as indicated, Instead of removing glass in forming the groove, possibly some 
v ~ a t e r i a l  could be added, The question of what material is difficult because 
cf t5c cellular responses to different materials. That is why a single -naterial 
( g l a s s )  132th grooves might be better. A Payer of cellulose acetate with grooves 
c u ~  ~111-ongh to glass might work. 

X ~urnber  sf parallel grooves could be desirable for the initial work establish- 
ing ?he conditions for growing the desired linear chains of cardiac cells, The 
s 3 n i i n g  hetween parallel grooves would not be critical, possibly 100 rlicrons or 
;c iqt.uld do* Once the growth rules are established, the researchers eventually 
T,T-L ~ 3 . 1 1 ~  branching or '9-shaped'' grooves. The method of producing grooves 
shouid  work for this shape too, if possible. Simplicity, reliability, and 
reL,at ively low cost (tens of dollars per glass disc instead of hundreds) are 
,mpi\rtant constraints, and the researchers would prefer something which could 
be ii~pleniented at their university rather than require outside facilities, 

T::i; aroblen~ can probably be solved using advanced photolithography techniques 
w h i i - h  are being evaluated by the researcher. A computer search of NASA develop- 
mer" ~3 photolithography is being evaluated by the researcher, 

PRC~3'2,3~1 MTt 1- l ~ntramyocardia  Z S t r e s s  Measwement 

@yocardial infarction is a damaged or dead area of the heart muscle resulting 
From a reduction in the blood supply reaching that area. Acute myocardial 
i n f h u c t i o n  is the main cause of premature death in the population of the 
d w c l a p e d  countries, This condition can usually be diagnosed by electro- 
cardiogrsphy; however, the precise location of the affected tissue is necessary 
to nss~xre  the success of surgical procedures for repairing the injured muscle. 

Since  the damaged or dead tissue (whose size and location is dependent on degree 
c% :ornprirniised blood supply) results in a "weak area" of the heart muscle, it is 
expecesd that a measurement of the forces sustained during the contraction and 
~u :~ -e s s iv s  relaxation of the heart will differ with similar measurements made 
i n  rrnaffected areas. A probe which could be used to make stress measurements 
w i t h i n  a small region of muscle tissue would lead to a refined location of the 
region which needs to be removed by surgery. This would lead to improved 
surgical procedures and, therefore, to a higher probability of successful 
r e x v c r y  for the thousands of persons who must undergo surgery for this disorder 
eacr' year, 

4 search of the aerospace literature failed to produce a solution to this prob- 
e The Team contacted an engineer at NASA's Ames Research Center who had 
f a a r ~ c a t e d  a miniature pressure transducer and discussed this problem in detail, 
Ye selggested a technique for constructing the needed probe Ear making stress 
measurements, The suggested technique employs the Ames miniature pressure trans- 
3u:er and appears to offer an excellent solution to the problem, The suggestion 
is c t - r r e n t l y  under evaluation. 



PRORliEM W- 5 Measurement o f  Change i n  Heart Wall ~ imens ions  

Heart disease is the focus of a major research effort in this country and recent 
dsan~a t i c  advances have been made in this effort using the artificial heart. 
Cne function of the artificial heart is to provide partial assistance to a 
f a l l i n g  heart, but during the period of assistance some measure of the output 
o f  the human heart is required. This measurement is necessary in order to 
derermlne the output or work required from the artificial heart. 

R e  usual method of determining the output of the human heart is to measure 
the vulume of the left ventricle, the chamber of the heart that pumps ~lood 
t3 g n e  body after the blood has returned from the lungs. The left ver,tricular 
valume cac be measured by two techniques called dye indicator, and biz~laner 
sngiography, but neither method produces an instantaneous output, An instan- 
t s n e o ~ ~ s  measurement is necessary so that rapid changes can be made in the 
a r c i f i c i a i  heart output. 

Qe:ect--j7 3 new technique for measuring left ventricular volume has been 
i!svePoped which does allow the desired instantaneous measurement. This 
[ y e t l a .  ~rvoEves measuring the stretch or dilation of a small section of the 
hear t  r ~ a l l  and this stretch or dilation can be correlated with left ventricular 
~ o l t r n e  which, in turn, can determine the work required for a cardiac assist 
* i z ~ . c e ,  A method is required for measuring the change in dilation of a small 
sectzon of heart wall during a complete pumping cycle. 

T3.e cllstance covered by the measurement must be less than 20 millime"crs, A 
i5-50% change in dimension is expected and the accuracy of measurement must be 
b e c t c c  rhaa  5%- The accuracy of interest is the relative change and not the 
s i 7 ~ 0 , ~ i ~ e  change in dimension. 

i'i crmputer search of the NASA document bank revealed that this problem can be 
S ~ ~ V C C !  %i:h commercial ultrasonic equipment and the problem originator is 
seek-ng f ~ t q d s  to implement the recommended approach. 

I?ROMl ,Elf TZ1- 14 Left ~ e n t r i e u l a r  Volume Measmement 

Piagncs5s of heart trouble is hampered by the lack of information available 
on the pumping characteristics of the heart. The widely used ERG is a secondary 
measurement, and primary information would be more valuable. Existing methods 
for ~rreasuring left ventricular volume are too slow or too inaccurate. A new 
approach to the problem is required. The problem originator is a leading cardiac 
authority, and he estimates that a useful technique would have more impact than 
cha discovery of the EKG. 

The :vp~cai maximum left ventricular volume is 200 cc and the volume change is 
abobt '70 e c ,  A noninvasive technique would be best although a small catheter 
would be acceptable. 

A e o m p t e r  search, a manual search, and a problem statement distribution revealed 
PO n e v  approaches to this problem. 



t"Rt3infiTJEF"i INC - 5 7 A Displacement Monitor 

The Zl~nical Research Unit at the University of North Carolina Memorial 
Ros~ital is examining patients on a routine basis, One of the screening pro- 
cedurec, in the detection of cardiac difficulties involves the simultaneo~rs 
gathering of a number of parameters indicative of the state of the cardia- 
vascuLar system, At the present time, patients who are being screened undergo 
elsctroeardiograms, two audiocardiograms placed at different points on rhe 
chest  wall, a carotid pulse, and displacement measurements of the chest wall 
at two different points. This information is simultaneously recorded on multi- 
~ ! ~ a n n e l -  paper tape recorders. This is basic data input to the patient" filee, 
01: the basis of these data and other special data which may be required, the 
c o ~ i d i t i o n  of the patient's cardiac system is evaluated, Some of the data as 
now take3 is considered to be misleading because it does not represent the 
actual measurement which is desired. The specific measurement in question is 
c h e s t  ;gal1 displacement. Present units have the capability of measuring a 
:?axirnum excursion of 1/16 inch or less while the actual displacement of the 
chest wall is as high as 114 inch, Consequently, it is apparent that the 
zransducers currently being employed are not capable of measuring the entire 
cbsst wail displacement. What is actually being measured is a highly damped 
representation of the chest wall displacement in which the transducer measures 
thc outward movement of the chest wall to the limit of its maximum excursion, 
'n ncyand that point, the unit can no longer measure displacement, Therefore, 
s h c e  the displacement of the chest wall is beyond the maximum capabilities of 
th4 displacement measuring units, the resulting waveform is.obviously not 
indicative of chest wall movement throughout the entire cardiac cycle. A new 
method or new instrumentation techniques for measuring chest wall displacement 
which a n  accurately reflect the movement of the chest wall without loading 
the chest wall is desired, A search of the aerospace literature on displace- 
meat measuring techniques employed by NASA has been delivered to the researcher 
f o r  "is evaluation. 

Pi",riRL%$IF-88 Aecurate ~etermination ofArteria2 Pressure Pulse Transit Tfrne 

In the arterial system, the arterial pressure is a function of distance and 
t m e ;  hence, it has wave properties. The wave speed of the pressure pulse is 
reLz ted  to the elastic modulus of the arterial wall. In addition, wave reflec- 
4-2 ,, ~ i ~ n s  that occur in the arterial system perturb the pressure function, It is 
knotcm that the elastic properties of the arterial wall change in human beings 
wrrh age and arterial disezse. The biological problem is basically to detect 
changes in the material properties of the arterial vessel nondestructively 
early in the process of arterial disease. Change of the properties of the 
arterial wall are thought to be related to wave speed or transit time of the 
arterial pressure pulse. To validate the accuracy of this hypothesis, it is 
necessary to establish the relationship, if any, between arterial disease and 
wave speed or transit time of the arterial pulse. An accurate means of 
determining wave speed or transit time will aid in the determination of this 
relationship. If the relationship between arterial wall properties and transit 
cin:e or wave speed measurements of the arterial pulse could be established 
using improved instrumentation or improved analysis techniques, it would be an 
imnortant contribution to the diagnosis of arterial disease, 

A Yark ?V ultrasonic Doppler instrument for indirect blood pressure measurement 
designed by the Southwest Research Institute for NASA and the Air Force has 

8 1 



p;rentia4 application in the solution of this problem, A single-channel unit 
was oiitalned from SwRZ for evaluation by the researcher, Results of this 
s c ~ a i ~  atlon were that the unit appears to have the characteristics necessary 
"cr :he gatbering of the information required in the solution of this problem. 
3ipe :r rT-k t  as designed would not provide all the desired information, however; 
tierefcre, it will be necessary to modify the existing unit, Quotations for 
r r r r  dssign inodification and fabrication of a new unlt have been obtained from 
;hz SsatFwest  Research Institute, and the researcher is seeking funds from his 
conrractang resources to permit fabrication of the unit. 

;"93?LL1-?/' :iF-94 A Means of Detecting Ar t e~ ia i !  Pressure Bii!se Wave Shape and 
Evaluating Differences i n  Wave Shape between Various Points 
i n  the ~ r t e r i a i !  System 

Tyqts pr2b len  wFiich is related to WF-88 involves the detection of the arterial 
rjv \ - s s ~ r e  a pulse wave shape at different points in the arterial system, A series 
7r a r , " e r r ~ a l  pressure pulse wave shapes taken at different points in the arterial 
sys"cx could then be compared to determine if significant information is 
c a v t a ~ n e d  in the variation of arterial pressure pulse wave shape which is re- 
lated tc arrerial occlusive disease, Arterial occlusive disease is a signifi- 
cant 21121th problem in the United States affecting large segments of the popula- 
:Lon, It can be alleviated or corrected by various techniques, The major 
,i~FE~:alry i s  that it is extremely difficult to detect in its early stages when 
l l c k i c  Jamage has been done. Often the disease reaches crippling or catastrophic 
7:i;pirt-Lons before it is detected, The consequences of advanced arterial 
P ~ a e a ~ e  are numerous and severe, not infrequently leading to death with little 
aeraxrzz warning, A means to detect the presence of arterial occlusive disease 
= * ~ r X ; a r  in its development is desired. It is felt that the presence of arterial 
J:se,aas will affect the dynamic elastic properties of the arterial wall. In 
acdiiian, iscalized damage may lead to relative arterial constriction at the 
- c _ ~ i ~  S E  dasage,  The arterial pressure pulse is propagated down the arteries, 
-4-i:~ osnartg? an dynamic elastic properties or changes in diameter of the arteries 
17-~ :~9  sEf3cc che shape of the arterial pressure pulse and its transit time, 
~;:nsequzntXy, a means of accurately determining the arterial pressure pulse 
-a,.r?re snaye  nay yield information which can be correlated with the progress of 
a rze rxa l  acclusive disease, 

An ur"rasonic Doppler blood pressure measuring instrument developed by the 
Sour41~irest Research Institute for NASA and the Air Force has some capabiilty for 
pzudasrng the arterial pressure pulse waveshape. The application of this NASA 
a x  Alr Furce  developed unit to this problem is being evaluated by the researcher, 

3PC331,':4 kT- -"cl6 Miethod of Detemining the  Time of Transit  of a Time-varying 
Wavefom between Two Points i n  Space 

parameter o f  significant interest in dye dilution techniques for determining 
biszi!  volume in cardiac output is mean blood transit time. Using the dye 
d i i u z  ~ $ 2 3  cecilnique, dye is injected as a pulse into the blood vessel, Fairly 
si1ar3 pxlses  are obtained; however, there is some delay in actually getting 
r l ~ e  dye i n t o  the flo-iJling blood. In addition, it is known that the trailing 
edge of the pulse decays slowly because of dye leakage from the injector and 
inadequate mixing, Nevertheless, a mean departure time for the pulse is assigned 
oa ehe pasis sf when the dye is injected. The dye pulse is allowed to traverse a 



d i s ~ a a ~ t i  and i s  then  moiaitored by d e t e c t o r ,  The de t ec t ed  dye peak i s  ve ry  
d i f f u s e  with a  long,  s lowly decaying t r a i l i n g  edge so t h a t  i t  i s  very  d i f f i c u l t  
ct2 es t ima te  t h e  mean depa r tu re  time from t h e  d e t e c t o r ,  Using t h e s e  techniques ,  
naean t r a n s i t  t imes rwo t o  t h r e e  t imes g r e a t e r  than  t h e  t h e o r e t i c a l  mea-ra 
z r a n s l ?  rime a r e  obtained i n  cu r r en t  p r a c t i c e ,  A method of analyzing these  
puses - ~ n  o rde r  t o  more accu ra t e ly  a s s i g n  a mean depa r tu re  time from t h e  
3n-jecto-r and a  mean depar ture  t ime from  he d e t e c t o r  i s  d e s i r e d ,  

B search of t h e  aerospace l i t e r a t u r e  has been conduczed, Ce r t a in  s p e c i a l i z e d  
signal a n a l y s i s  techniques developed a t  t he  NASA Marshall  Space F l i g h t  Center 
appear t o  have a p p l i c a t i o n  t o  t h i s  problem, I n  a d d i t i o n ,  r e sea rch  i n  f l u i d  
mechanics a t  North Caro l ina  S t a t e  Univers i ty  app ropr i a t e  t o  t h i s  problem has  
been i d e n t i f i e d  by t h e  Team. Both t h e  NASA s i g n a l  a n a l y s i s  techniques and t h e  
approaches underway a t  t h e  North Caro l ina  S t a l e  Univers i ty  a r e  being eva lua ted  
for a p p l i c a t i o n  t o  t h i s  problem, 

ARTIFICIAL ORGANS 

ZlSiCiB~;i;l\il M I - 2  Enhancement OF the  Ejis".iciency o f  Transfer o f  0xgge.n through 
the Boundary Layer i n  Flowing Blood 

Heart d i s e a s e  i s  t h e  major cause of dea th  i n  t h e  United S t a t e s ,  Although much 
advancement has  been made i n  t he  t reatment  of d i seased  h e a r t s ,  i t  i s  u n l i k e l y  
t h a t  complete r e h a b i l i t a t i o n  w i l l  be poss ib l e  un le s s  t h e  p a t i e n t "  h e a r t  i s  
returned t o  f u l l  h e a l t h ,  A r t i f i c i a l  h e a r t  systems a r e  being developed a s  one 
ot the possib1.e f u t u r e  t h e r a p e u t i c  methods of r e s t o r i n g  c i r c u l a t i o n ,  One of 
the c r i t i c a l  technology a r e a s  i n  t h e  a r t i f i c i a l  h e a r t  program i s  concerned wi th  
she power sources t o  be used t o  ope ra t e  t h e  va r ious  devices  t h a t  a r e  necessary  
6~ perform t h e  h e a r t  func t ion ,  A t o t a l l y  implanted b i o l o g i c a l  f u e l  c e l l  
operating on r e a c t a n t s  ( c h i e f l y  oxygen) der ived  from t h e  blood s tream, i f  
feasible, would be a  n e a r l y  i d e a l  power source f o r  ope ra t ing  an implanted 
a r t i f i c i a l  h e a r t ,  Bas i ca l ly ,  t h e  b i o l o g i c a l  f u e l  c e l l  w i l l  employ membrane- 
coated e l e c t r o d e s  over which a r t e r i a l  blood w i l l  f low, t r a n s f e r r i n g  oxygen from 
the  blood t o  t h e  e l e c t r o d e  by d i f f u s i o n .  The e f f i c i e n c y  of t h e  t r a n s f e r  of 
oxygen through t h e  boundary l a y e r  i n  flowing blood must be h igh  i n  o rde r  t o  
generate s u f f i c i e n t  power t o  ca r ry  out  t he  func t ion  of t h e  h e a r t ,  A method of 
i nc reas ing  t h e  r a t e  of d i f f u s i o n  of oxygen through t h e  boundary l a y e r  of t h e  
blood adjancent  t o  t he  membrane coated e l e c t r o d e  i s  needed, 

A l . i t e r & t u r e  sea rch  f a i l e d  t o  produce a  s o l u t i o n  t o  t h i s  problem, A problem 
staterrrent i s  being prepared f o r  d i sseminat ion  t o  t h e  NASA f i e l d  c e n t e r s ,  

B - 5  Bonding of Me-taZ t o  Ceramic 

In af:tenlpting t o  achieve an a r t i f i c i a l  h e a r t  system f o r  man, t h e  guiding ob jec t ive  
i s  not only  t o  prolong l i f e  per  s e  bu t  a l s o  t o  provide f u l l  r e h a b i l i t a t i o n  t o  
the p a t i e n t ,  To t h e  e x t e n t  t h a t  t h i s  goa l  can be r e a l i z e d ,  t h e  p a t i e n t  should 
experience a  minimunt of discomfort and encumbrance, I d e a l l y ,  t h e  p r o s t h e t i c  
heart system should be t o t a l l y  implantable;  i . e , ,  a l l  i t s  p a r t s  should be con- 
tained w i t h i n  t h e  body. I n  a d d i t i o n  t o  t h e  many phys i ca l  and phys io log ica l  
requirements t h a t  must be met t o  r e a l i z e  a  compatible,  s a f e ,  and r e l i a b l e  system 



-'ar Loag-term use, the artificial heart must satisfy many stringent design and 
iun~riosai requirements demanded of high performance aerospace systems. 

AT ~nanswered problem is that of the type of energy conversion system which 
wS11  '52 used to carry out the pumping function of the heart, A stack of piezo- 
e l ec r rFc  disks with interspaced electrodes is a leading candidate for this 
rask,  1:aon the application of an electric field across the stack, each disk 
~cngY~lesas a:xially, and the net result is an additive linear movement in the 
axial direction of the stack, It is this force that will power the blood pump, 
Var luus inetkods of bonding the electrodes to the piezoelectric crystal exist; 
however, a reliable bonding technique which leads to a high-operating efficiency 
sf t i l e  pumping mechanism is necessary. 

71, c~is rrokl6m was discussed with investigators at NASA's Langley Research Center, +:I en3meer at Langley had constructed several piezoelectric stacks like the 
:vc*rgllratisn under study at the National Heart and Lung Institute, The bond- 
Lng znc1:niques in use at Langley appear to provide an excellent solution to 
Y7is prsbPam and are presently under evaluation, 

DETECTION AND TREATMENT OF CANCER 

3 1 -  IVbise Reduction i n  Laminar Plow Rooms 

lfae Yationai Cancer Institute is conducting a vigorous program to find the 
C ~ L ~ Z S  and cure for cancer, a major cause of death in this country. One of 
;he a3~raaches used us chemotherapy, or the use of drugs to cause remission 
3F e ~ ~ s t j ~ r g  cancers, Patients requiring this treatment are usually weak and 
lncrg snsceptible to other diseases than normal patients, A sterile environ- 
q-e.ir uo.inld help to combat this problem as well as to increase the patient 
tole-cance t3 antitumor drugs with regard to incidence of infection, A sterile 
~?w--:-~inrnent. can be produced by a laminar flow room which is equipped with 
5 h  . t - i i i z 1 1 7 g  -.+- agents in the filter system. 

Yhe e x i s t i n g  laminar flow rooms were designed to be installed inside standard 
hasp i t a1  rsorns, which allows maximum flexibility in the use of these rooms. 
T;irs desQp., however, requires that the blower fans be inside the patient's 
x o n ,  whrch creates a noise problem, A heating and air conditioning consulting 
~sgiqeer~ng firm has added conventional noise abatement procedures such as 
Coan p c ~ d d l n g  in ducts, a discharge muffler, and vibration isolators on the 
x o t o r s ,  Bowever, even with these additions, the resulting noise level is 
snto1zrabI.e , 

Uo iss  shatement procedures are desired which will reduce the noise level from 
t\e exfstlng Noise Criterion 50 to Noise Criterion 30. Noise Criterion 30 is 
d e f r n e d  as approximately 50 db yt 100 Hz and 26 db at IO,00Q Hz. The decibels 
d;:e r e l a t i ve  to 0.0002 dynes/cm . The air velocity output varies between 30 and 
90 fdimin, and the blower capacity is 2,000 cu, ft, per min. at a static head 
of sae inch of water, A centrifugal fan is used, and a fan which produces lower 
miss levels is desired. 



4 computer search revealed that a technique exists for changing the fan 
geometry to reduce noise from centrifugal fans. This technique is being 
c s - ~ s f d e r e d  by the problem originator. 

i,cilkarlia, a major cause of death, is a disease which is characterized by an 
u n u s u a l l y  high number of white blood cells. Many forms of the disease exist) 
but n e a r l y  all forms have a rapid onset of symptoms. 

The National Cancer Institute is conducting a vigorous program to find the 
causes and cures for this disease. In the clinical phase of this program, a 
problem exists in the prevention of shock. If not detected early enough, 
s r u - k  can cause serious infection which is a major problem in leukemia patients. 
'Yilr, n need exists for an accurate indicator of the onset of shock so that 
coyy?crlve measures can be taken. 

Cne aeasure of the onset of shock is the pyruvate or the lactate concentration 
in Lhe blood, Both lactate and pyruvate are intermediate products in the 
meraSolism of carbohydrates and proteins. The concentration of lactate and 
73i-rlvats in the blood is a measure of the oxygen availability to the tissue. 

Existink vethods for measurement of these organic compounds are inadequate 
beeausz of the long analysis times required. The usual wet chemistry method 
has been replaced in the last few years by an enzymatic method but a time of 
45 rninures is still required which is inadequate. 

!i 111etlqod is required which allows measurement within 5-10 minutes. Normal 
pl-rc-ednres involve taking 5 ml. blood with lactate levels of 9-15 mg.% and 
ncxuvate levels of 0,39-0.86 mg.%. 

:h cctrr?:rtrter search revealed a method which is being considered by the problem 
originator. 

Pl<Ci-1E?,@'l T I - 4  ControZZed Rate of Freezing a Liquid 

Leukemia, a disease which kills about 15,000 Americans annually, is character- 
ized by a proliferation of the tissue which forms white blood cells. Although 
the white cells in the blood can either increase, decrease, or remain constant 
i L 7  number, the bone marrow where the cells are formed will proliferate, 

Treatment of leukemia involves killing the cancerous white blood cells in the 
blood and in the bone marrow using drugs or radiation. This process can cause 
10.5 of a l l  bone marrow so that normal white cell production cannot occur. 

hihihen this loss of bone marrow occurs, white cells must be resupplied to the 
patient, For this purpose a bank or storage facility of white cells is required. 
This is impossible at present because adequate storage procedures are unavailable. 
Although red cells can be preserved by freezing, white cells are now destroyed 
by the existing freezing and thawing procedures. One important parameter in 
freezing white cells is believed to be the rate of freezing. Rate of freezing 
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Figure 19. Controlled Freezing Unit 



cann:,t at present be controlled because of the plateau in cooling rate when 
t n e  latent heat is released at the freezing point, 

"PEI nresent method for freezing is a liquid nitrogen system which cools ? 

secondary liquid which in turn cools the cells contained in a flat Teflon bag. 
T%> prevent contamination of the cells, it is desirable that any new technique 
u t i i l e e  2 Teflon container. 

Tke basic requirement is to have a method of detecting the onset of fie-ezing 
am then increasing the heat transfer rate during the release of latent heat so 
r l + a t  a ncarlv constant rate of freezing can be maintained from room temperature 

o 
rc: -50 C, 

' r "> is -oro"nern was forwarded to the Jet Propulsion Laboratory where Mr, L ,  S .  
I i s ~ ~ b t  and Mr. W, Tener suggested the configuration shown in Fig. 19, The cells 
are h e l d  in a Teflon bladder which is surrounded by a copper heating element 
and i i g ~ i d  nitrogen tubes, During the cooling cycle from room temperature to 
t n e  freezing point, the heating coils control the cooling rate. At the freezing 
ncinr, :he heat is turned off and the latent heat of the cells is rapidly re- 
ncved,  Then the heat is turned on again to control the rate until -50'~ is 
? - 3 z ' c I \ & ,  

Y:< p ~ o b i e n  originator is seektng ways to implement this clever approach to 
thi"s problem, 

P2C FJ.IV KCT-6 Separation of White CeZZs 

L c u k e m ~ a ,  a disease which kills about 15,000 Americans annually, is character- 
ized Sy a proliferation of white blood cell forming tissue. Efforts to find 
tX12 :aelea and cure of this disease are important, not only because of the 
d < s e z s e  death rate, but because the disease is the only form of cancer that 
~ 3 ~ 1  ke continuously studied (i.e., repeated blood samples can be taken but 
re3eated samples of solid tumors cannot be taken), Thus, understanding leukemia 
tail provide a vital key to understanding cancer. 

P - i r t  at* the difficulty in understanding leukemia is the fact that a poor under- 
sr-anilrng exists of the role of the various blood constituents as well as the 
constituents of the blood forming organs. These constituents are cells which 
can 2e considered to be spheres having a diameter of about 10-20 microns. The 
cells are a41 very similar in specific gravity (1.06 to 1.08). 

A q ~ e t k o d  is required of separating the cells according to size or density such 
t h a t  an ladamaged quantity of each category of cells is retained. The existing 
methods f o ~  this separation include sedimentation and centrifuging, Sedimenta- 
tion consists of allowing the cells to settle in a viscous medium contained in 
a one-foot deep tank. This technique produces an insufficient number of cells, 
Ce1;triZuging methods now used do not allow sufficiently fine separation of cells. 

A new separation method or an improved centrifuging method is required. 

A computer search, a manual search, and a problem statement distribution have 
been conducted on this problem but no useful technology has been uncovered, 



T-L~ r , ,c ,h n, qq ,131 1_ iJC' "7 Pethod for Fast Warning a Frozen Liquid 

t e a h ~ x ~ ~ a ,  a disease which kills about 15,000 Americans annually, is character- 
.red '"7 a 3~0liferatPon of the tissue which forms white blood cells. Treatment 

n f l . a : i ~ b ~ w i ~ i  involves killing the cancerous white blood cells in the blood and 
-L: cnc ->tsce narrow so that normal white cell production cannot occur, 

'*:-en :a is  loss of bone marrow occurs, white cells must be resupplied to the 
,-zrlE"n: f r c ~ n r  a bank or storage facility of white cells. This is impossible at 
Dresene hecause adequate storage procedures are unavailable, One part of the 
sto~sge nroblem is a controlled freezing method which is the subject oE problem 
- I - m ~ e r  RTI;  NCI-4, "Methods of Controlled Rate of Cooling in Liquids. The 
.:ec3-)c% ?srt of the storage problem is the warming or thawing of the f:ozen 
~ ' 1  E:h i i l ~ ~ o d  cells which is the subject of this problem statement, 

C-e ;xlpa_%ant parameter in the successful warming of cells is believed to be 
5" e3t.e oC temperature change. Researchers believe this because experiments 
uitb ,p Ieen  cells have indicated that very fast warming rates can significantly 
s:leraass tile yield or survival rate of frozen cells, 

T ' k  Fresenr method for warning cells is an infrared heating system for the 
cells c c \ ; ~ t ~ i n . e d  ~n a flat Teflon bag. This infrared system is unsuitable 
b s o s e s ~  ~ t h e  cells are not warmed uniformly nor fast enough. 

3'lqe !"ea:r, recommended microwave heating as an approach to this problem and the 
cncblem originator is considering several commercial microwave heaters as a 
zc lv!"  -7, 

IS. ~ c " ' ? "  advanced medical research studies (e,g,, cancer studies), the basic 
u c i c  5tua.y - s  she human cell, As medical science has demanded more information 
J r  2% -aLar activities, technology has frequently played a critical robe in 
e x t ~ ~ c r 5 n g  the information from regions within each cell, 

k 7  e~riL~1ie.rrr: example of this fact is a study being conducted by the National 
la~t ; t i - -~, tes  of Health in which an optical microscope is controlled by a digital 
c c r r n ~ ~ ~ e r  191 order to get quantitative microspectrophotometric histochemical 
a a t a *  Tr.Fss study could not be conducted otherwise because of the limitations 
c r  tkc "~umsn eye as a colorirneter. In addition, this same system can be used 
b okt-a hr ttlree-dimensional microarchitecture of human tissue, 

-Lcio- ign t h - s  study has been underway for some time, a difficulty has been 
t :ncc~nLaea in obtaining sufficient light intensity from the monoehromator which 
Is i s r u z z d  on ehe specimen, The light source has been increased In intensity to 
i-ble ~ ~ x i n ~ i l u ~ n  possible, 

h e  p c ~ s i b i e  solution is to use an elliptical lens between the monochromator 
a d  :he specimen which will make more effective use of the available light. 

T h i s  improvement in efficiency results because an elliptical lens converts the 
rec~angulax beam of light from the monochromator to a more circular shape and 
2bu; ma-? of the monochromator output is focused on the sample, The researchers 



h3b- bfen unable to locate a commercial source for the desired lens. The 
Nq l~na? Bureau of Standards Optical Shop has indicated a willingness to 
~ - L - I ,  rfre lens if procedures for grinding elliptical lens can be obtained, 

ci r-~;ii--developed computer program was found which is used for designing complex 
;-?sterns, This program has not been used for an elliptical lens fut NASA 

pcrrorarLei believe that the program can perform the desired design, The Tortran 
4;agiaee program was obtained from NASA and shipped to the researcher, Be is 
t~1l 'I i~rnzr,2ng this program on his computer, This potential solution resulted 
ir 1 1  d-tract Team contact with Marshall Space Flight Center and Jet Propulsion 
T J a > ~ r ? t ~ r 7 , ,  The program was called to the Team's attention by Mr, Juar Pizarro 
cF  ' F  The availability of an elliptical lens will improve the ability of 
c L 3 ~ >  I?? research staff to extract detailed histochemical data from human cells, 

T i  - 2  New or Improved Methods o f  Detecting Breast Cancer 

:3x1. ~ l t  ~ancer is common: 5-6% of all women will at some time in their lives 
c c - ~ i  ap 07reast cancer. If cancers are discovered when they are still localized, 
tL ~ - t : q j o ~ ~ t y  of them can be cured by surgery and radiotherapy. Provisions for 
23-1-2- and more comprehensive treatment of patients with breast cancer require 

I r - - ,  , v -  ii 3 i t  -1 techniques for detecting malignant tissue during the inirial stages of 
g I Co. i~r  eechniques for detecting breast cancer are in use at present: 
c l *  -:- 11 examination, thermography, xerography, and mammography, 

his-c a: these techniques are sufficiently reliable. A combination of the methods 
2 ;i -_c:(,s -Ir, imp-roved probability of detecting breast cancer; however, none of 
u - l ~ i '  - I C : ~ O ~ ~ S  provide conclusive results, Each of the methods has shortcomings, 
Nl;s  r r  ilngroved methods, techniques, or approaches for detecting breast cancer 
3: 2-1 early stage are needed, 

4 ~ T C ' ? ~ Z T  statement is being prepared for dissemination to NASA field centers, 

HEALTH CARE COST REDUCTION 

PRC'7;1G1i 1VhRC-8 i? Waterproof Sealant  for Rubber-Coated fly Zon S t re t cher  Pads 

? ' k b i c a l  Services Division of the Woodrow Wilson Rehabilitation Center 
reczlves patients having spinal cord injuries, These injuries result in varying 
dez:ees o f  lower extremity paralysis and loss of function, Not infrequently 
c l x c e  rntients lose muscular control to the extent that they can no longer con- 
&--ri rheir  bowel movements, Stretchers have been modified by cutting out a 

s c , ~ ~ a r e  ?ortion of the stretcher underneath the buttocks so that the patients can 
3c s i c e n  enemas while lying on the stretcher. Modification consists merely of 
c ~ ; ; - i  an appropriately sized square out of the stretcher and stretcher pad, 
nnC covering the edges thus exposed by sewing a rubberized nylon cloth in place. 

- ,~~r~:rt..,ii~a"~ely~ this leaves a seam and needle-puncture holes, Because of these 
sears  and  Dunctures, the stretcher pad traps and absorbs urine, feces, etc., 
an3 it. is very difficult to keep clean and odor-free. The result is that the 
?ads must be discarded frequently, thus contributing to operating costs. A means 
of ssailng the seams and needle punctures is desired in order to achieve a 
w s t e i p - c u c f ,  easily cleanable surface. An alternative might be a flexible, water- 
i)1-c3f' adhesive which could entirely eliminate the sewing now used to attach the 



civeslng over the exposed edges, As a result of searching procedures, the Team 
was able tc recommend an aerospace silicon rubber adhesive which has potential 
app:xcatlo~ to the solution of this problem, 

KIDNEY DISEASE DETECTION AND TREATMENT 

SFsess-res of the urinary system are a significant problem in medicine, One of 
the ;rrcr3Lem areas concerns fie ureter, i.e., the tubes that connect e ~ c h  kidney 
:::u 1:l-e 'bhdder, Urine flow measurements in the ureter are being used in a 
resesr:h study to understand ureteral physiology. Improved flow measurement 
t ee t i - ~c r ses  also could 'be used in clinical studies of kidney, ureteral, and 
b1ada~:- ciseases, All existing techniques for measuring flow in the ureter 
: n s s s ~ r e  callecting samples of urine over definite intervals of time and calcu- 
I s t i i r g  average flow rates, These average flow measurements are not satisfactory 
ci.122~ t;,e pulsatile nature of flow in the ureter is being studied, This pulsa- 

,- * *:is a ..YV of urine is felt to be very important in obtaining a better understand- 
Ing ,-i ,-reteraP physiology, 

1-11 "el J"~rezien'6 here is for a technique for measuring instantaneous rates of 
~ , r i n e  - ;3x  dri the ureter, The transducer can be used either internally or ex- 
1 - e ~ ; ~ -  y Tf an external transducer is used the flow of urine can be diverted 
:c s ~ c l : ~ t  outside the body using a catheter, 

T*e  :Ci;llmie"ier should measure transient urine flows of from 1 to 100 cc/min with 
a: accuracy of -1- I%, Size of the flowmeter is not important because the flow- 
xeter car .  ce oursi.de the body, A flowmeter using the principle of thermal 
cf,st:.i?ai,ion proposed for the Skylab flight program is being evaluated as a 
r!:pcten4 -a1  solution to this problem, The NASA contractor and the problem origi- 
rato-  aye discussing the possibilities of a joint effort. 

RESPIRATORY DISEASE DETECTION AND TREATMENT 

PROP1,!2P:icl 3U-80 Measurement o f  Pleural Pressure 

v- l i * e  olelara is a membrane which surrounds each lung. A membrane also lines the 
c%s= wall, In a healthy person these two membranes are in contact with each 
ocher  A t h i n  film of pleural fluid formed by the pleural membrane lubricates 
" e  pTleur~1 surfaces as they move against each other when the lungs change size 
Z w r l n ~  breathing, In respiratory diseases when a lung collapses or when air or 
Flu lc l  cs?leets between the two membranes, a cavity becomes apparent. This 
~; . ,v i~-y i.3 called the pleural cavity. A measurement of the pressure sustained 
b j  tnis cavety can be employed to detect and diagnose respiratory ailments. 
?jressure measurements at the proper point in the esophagus provide an indirect 
vethod o f  measuring pressure in the pleural cavity. This has been accomplished 
by p-aclng s balloon-tipped catheter in the esophagus and recording the pressure 
changes  In the balloon, A telemetry capsule to replace the balloon-tipped 
c-t?2s cer w, nuld  be a significant improvement and would provide refined measurement 
s f  p - d u r a l  cavity pressure. 



A literature search failed to uncover a solution to this problem. The sol~ition 
will be pursued by discussing this problem with scientists and engineers at 
N A S A  f i e l d  centers, 

?F:"IRLl3n\'l DIJ-81 Detection of  BZood VesseZs i n  Bronchi 

Suspicion of lung diseases, particularly lung cancer, often requires that a 
sample o f  lung tissue be taken for laboratory analysis, When taking tissue 
sar~les from one of the branches of the trachea, a bronchoscope is empl-oyed to 
s7?ow visual examination of the interior of the bronchi (primary branches of 
the trachea), This visual examination does not allow the determinaticn of the 
presence of blood vessels in the bronchi. The taking of tissue samples some- 
times seters a blood vessel resulting in bleeding that is difficult to control. 
q? 1 - . ~ L S  danger could be eliminated if a means of determining the presence of blood 
vessels In the wall of the trachea were available. 

A c < ~ a r c k  of the aerospace literature is in progress. 

IMPROVED SURGICAL PROCEDURES 

P;:1Bi,Fl'i TU-6 Peasurement o f  pC02, p02,  pH i n  Blood 

Surgery i s  a common event in modern medicine, but it still causes significant 
danger to the patient. To reduce this danger, most hospitals carefully monitor 
a patient's condition in the most critical period immediately following surgery, 
Tkce o f  the  many measurements of value during this period are pCO (partial 

2 pressure of carbon dioxide), pO (partial pressure of oxygen, and pH (acid/base 
relationship) of the blood, 2 

Analyses of blood gases and pH provide insight into the way that the body is 
u:jlrzing the available oxygen and discharging the waste carbon dioxide. This 
util;zation includes not only lung function but also tissue function. These 
measurements can tell the physician many things including onset of shock. In 
addition, the measurements can assist in assessing the patient's general progress. 

Existing methods for blood analysis consist primarily of sampling techniques in 
wlxic:h blood samples are withdrawn sequentially and tested. An on-line, real 
t i m e  method would provide not only more information but would reduce the effort 
roquxred of the nursing staff and would free them for other activities. The 
transducer should allow continuous monitoring of the blood gases (0 and C02) 
and blood pH, 

2 

k compucer search of the NASA document bank revealed that this problem can be 
solved with a commercial mass spectrometer. The problem originator is seeking 
funds to implement this approach. 



B A S I C  MEDICAL RESEARCH PROBLEMS 

BROBLEV DU-72 Shadowing Methods for High Resolution Electron Microscopy 

Barter methods are needed to obtain very uniform, thin (10-30i) films of 
platinum or other heavy metal deposited on cold biological specimens in the 
freeze--fracture method of electron microscope studies of cellular ultrastructure, 
Regularity at the level of 5-10i is desired. 

The .r;-roblem originator is investigating details of cellular membrane structure, 
and the principal tool in this important fundamental research is the trans- 
n i s s L o n  electron microscope. The biological specimen is prepared by the 
freeze-fracturing process and "shadowed" with platinum to enhance contrast and 
to reveal three-dimensional detail. While modern electron microscopes have 
resolution limits of several Angstroms, electron micrographs of cellular ultra- 
structure are generally limited in resolution to the range 20-1001, and much of 
c5is Z~mitation is due to the shadowing process itself. Improvement in shadow- 
ing i s  t n e  subject of this problem statement. 

Shadowing is simply the evaporation in vacuum of a thin layer (10-30i typically) 
o f  a heavy metal (such as platinum) at an oblique angle (often approximately 45 ' )  
onco the iace of the freeze-fractured specimen. The specimen temperature is 
89°K to 150% when this occurs. The shadowing material must be heavy (relatively 
h i g h  atoviic number) to provide adequate electron scattering in the transmission 
e l e c t r o n  microscope, The requirements of geometrical shadow production to 
enp t~as i ze  the surface relief features, together with the low specimen temperature, 
n,ive made vacuum evaporation the only method used thus far for deposition of the 
shadowing aaterial. 

Ti7e Tean? identified a researcher at Langley Research Center who suggested the 
use o f  electron bombardment for film evaporation. The researcher is presently 
acternpt ing  to obtain facilities to perform the recommended procedure. 

PROBSEFi DU-82 Maintaining the  Posit ion of  a Telemetry Capsule i n  the Digestive 
Tract 

Telernstry from within the human body by means of small sensing and transmitting 
capsules is becoming an increasingly important method of making physiological 
measurements that were heretofore impossible. As an example, useful measurements 
chat migh t  be made in the digestive tract are esophagal pressure, stomach 
pressure pi12, pH, etc. Certain measurements require that the sensing capsule 
remain stacLonary along the tract even though the natural reaction of the diges- 
tive tract is to continuously propagate any matter which enters the system. A 
means of retaining the sensing capsule at a desired point in the digestive tract 
wsrsPd allow needed measurements to be made over a period of time that does not 
depend on the body's natural reaction. The method for retaining the capsule 
shcrulti not be dangerous nor make the patient uncomfortable, 

A problea statement is being prepared for dissemination to the NASA field 
centers, 



D ~ a r r h e ~  nay be due to various causes from acute infections to psychogenic 
fdctors, Current research indicates that bacteria which normally reside in 
:he m a t h  can, under certain conditions, give rise to diarrheal states. There 
~ r 3  two types of such bacteria: one which must have oxygen to live and rnother 
w ~ i c l ?  cannot thrive in the presence of oxygen, Oxygen exists in the gaseous 
s r o t e  throughout the digestive tract and must remain relatively constant to 
p r s v i d e  f ~r the proper balance of bacteria. 

Lr ,3-oer to learn more about the conditions that give rise to diarrhea and to 
e 1 , : i u ~ t e  the use of antibiotics in altering the oxygen content of the digestive 
:I--J.C;, t1:i~ researcher would like to measure the partial pressure of cxygen in 
z'?c l u -~e rz  of the gut at various points. This problem has baffled researchers 
to-  i;everal years, 

';re cesearcher feels that the best solution would be a swallowable capsule for 
ne ' j iur lng and telemetering the partial pressure of oxygen as it passes through 
tt*e 9 ~ 1 . t ~  

A search of the aerospace literature failed to uncover a solution to this 
P The Team learned of a commercial device (a swallowable telemetry 
c a ~ s i ~ L e )  "or measuring the partial pressure of oxygen in the digestive tract 
~ i t ~ ~ c : ~  s h o u l d  be available within the next few months. This should offer a 
SQ!IIL IOC to the problem, 

T?;~OI>T 3 I- u I -, I 5 -  1 iviinia-ture Te Zemetry 

l " ~  researcher is studying the effects of several drugs on the immature opossum. 
T1:c opossum is a particularly well-suited animal for these studies. The gesta- 
t k z n  period of the opossum is approximately 12% days. At birth the embryos 
m i g h  aoproximately 100 mg and are approximately 5 mm long. They can be con- 
sidered embryos at birth, and much of their development occurs during the time 
t h e \  are in the pouch. Consequently, physical access to the embryo in the 
~os-cl.1 permits study during this rapid development stage. Most other mammals 
- m a i n  as unborn embryos during this development period. It is, of course, 
extremely difficult to monitor development of unborn embryos. As a result of 
:he fact that much of the embryonic development occurs while the immature opossum 
is In the pouch and thus relatively accessible, the opossum is very appropriate 
"or such studies. The basic problem is to telemeter several physiologic signals 

the immature opossum in the pouch to a receiver in the same room. A 
ranqe o f  15 feet is considered adequate. If the telemetry unit is to be directly 
a t t a z r e d  t3 the newborn opossums, the size of the telemetry unit could not ex- 
- e e l  2.25 m3 including battery, and the weight maximum is 100 mg. 

A search o f  the NASA literature has failed to reveal any telemetry equipment 
of ;he small size and weight required in this application. No commercial units 
;~+~i i lh approach this range of size and weight have been discovered either. The 
grnblem is presently being reviewed and a final search being made for potential 
so;.,itlo~ls. If none are found, it is expected that the problem will be closed 
s i r ce  the problem requirements appear to be beyond the present state-of-the-art 
~c -eleme: ry system development. 



TXO3LFJl NEXSC-2 A Means of  Characterizing Seizures i n  Laboratory Animals 

The researches is studying the effects of various drugs on laboratory animals. 
9ne of the drugs sensitizes the animals so that they are susceptible to 
s e i z ~ r e s ,  External sensory input is thought to trigger the seizure. It is 
desired to determine which sensory input is acting as the trigger, There are 
3 ~~1rnbe-r of possibilities including audiogenic induction, photo simulation, 
t ac - t i l e  stimulation, and stimulation through the vestibula apparatus, A 
search sf the NASA literature has been conducted seeking information on tests 
and equipment which can be used to provide isolated stimulation to each of the 
sensory inputs so as to isolate the exact sensory input acting as the trigger. 
A saarch has been delivered to the researcher for his evaluation, 

4 - 2  Cell  Area Measurement 

The ~roblems of aging are being attacked in order to better understand the 
procasses of aging, One area of interest is glandular change, particularly 
the testes, pituitary gland, and adrenal glands, This research concerns the 
r e l , a t i a n s h i p  between biochemical changes and morphological changes in certain 
c i s s u e ,  

The c e l l s  will be examined under a microscope which can be projected so that 
the esgceas can be drawn on a paper sized 8'" 110. The cell area and the inter- 
a t ~ t l a l  area need to be measured to an accuracy of + I%. 

4 caaoute r  search has been delivered to the researcher but no relevant documents 
5ave been uncovered, 

-PRO3LO"J -23  Oxygen Fd'easurement i n  Microgram Tissue Samples 

A method For measuring oxygen partial pressure in microgram tissue samples 
f o r  use i-i eel1 kinetics studies is needed, 

One method of studying disease is to observe changes at the cellular level, In 
these studies a correlation between biochemical and morphological changes is 
s rn~or tan t ,  If smaller volumes of cells can be studied, then more details can 
be obtained, Specifically, oxygen measurement in tissues is required. 

Oxygen partial pressure measurement in PO micrograms of tissue is required, The 
measuremenr can take up to one hour of time, Typical pressure is 50 mm Bg and a 
10% accuracy is required. The technique can be destructive, 

h h  information search has been delivered to the researcher with numerous 
relevant documents. 

PRO3LB/I UNC- 56 Tissue Preservation 

A means of freezing tissue while minimizing freezing damage is needed, Many 
detailed studies of animal tissue require that a preservation technique be 
employed to keep the sample as viable as possible over a long period of time, 
Ideally, structure, membranes, etc,, should be preserved so that subsequent 



studies can utilize unmutilated tissue. When viables go through a change of 
state such as freezing, there is a rather sudden release of energy (heat) which 
r u p t a r e s  cell walls, In addition, the growth of the ice crystals damages the 
tissue, resulting in a "swiss cheese" appearance when the tissue is viewed 
under a niicroscope. A method of controlled freezing of tissue to minimize 
frerzing damage is needed. 

A searck of the aerospace literature failed to produce a solution to this 
c-rohlern, The problem originator is preparing to perform some preliminary tests 
533 that a specific approach can be formulated. A problem statement should be 
prepared for dissemination to the NASA field centers at that time. 

PRORI,Ehf UP;% - 58 Microfocused X-Ray Beams 

A technique for producing a highly focused X-ray beam is needed. Collagen is 
the chief constituent of connective tissue, cartilage, and bone. Several types 
of t i s s u e  and bone ailments are a direct result of collagen disorders. In 
searching for improved methods of combating collagen disorders, X-ray diffrac- 
tic, techniques are employed to better define the molecular structure of colla- 
gen, To get better resolution in the diffraction pattern, and hence a refined 
definition of the molecular structure of a sample under study, a fine X-ray 
b e a r  is required. Commercially available hardwareis not capable of the degree 
of focgsing required. The researcher is seeking technology which will allow 
h171 to construct the required focusing device. 

Literature search has been completed, and several documents ordered are under 
study, Also, the Team is in contact with a scientist at NASA'S Marshall Space 
Flight Center who is studying this problem as it related to X-ray telescopes. 

PROSLFY LFXC-60 Counting Exposed Points on Autoradiographs 

A m a n s  of  counting exposed points on autoradiographs to be used in the study 
of cellular uptake of various chemicals is needed. Medicine has not yet reached 
the  p o i n t  where an ailment can be cured or its condition improved by chemical 
means wichout some likelihood of harmful side effects. Improving the effective- 
ness of medicines while minimizing harmful side effects seems possible only if 
there is a better understanding of what specific chemicals accomplish on the 
c e l l u l a r  level. One of the means of studying chemical uptake of various por- 
ti~ns of the cell is autoradiography. In this process, chemicals of interest 
are made slightly radioactive and administered either orally or intravenously 
to a patient (or an experimental animal). After the chemicals have had time 
to reach their destination, tissue samples are taken and are covered with a 
f i l m  sf photographic emulsion. The radioactivity in the tissue then exposes 
the emalsion and gives an indication of the relative uptake of the chemicals in 
various portions of the cell. 

One o f  the major problems encountered with this technique is the tedious process 
o f  manually counting the exposed silver halide grains of the emulsion. A method 
o f  automatically counting the number of exposed grains in the violet, red, and 
white areas of the autoradiograph is needed so that the cellular effects of 
specific chemicals could be studied more rapidly and in greater detail. 

A problem statement is being prepared for dissemination to the NASA field centers. 
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OTWERv MISCELLANEOUS 

PRPEI 1;bf VCSk -9 Ap?al,ysis Techniqaer for Prysio logical Data 

47 ej f c i  r s  encep'nalagram (EEI;) is sim~ry a itme-recording, at the head's 
3T2rface, ~i electrical signals generated by- t he  brain, At present, this 
recare ,ar be correlated with certain overall physical states such as sLeep, 
our 1t is possible that refinement sf the mathematical analysis of the XEG 
waui.~ dead tc lks use in the future for diagaosis of specific and local brain 
d i a c s n e r s  such as small tumors, 

Tbilecc i?::c_lat~ a certain amourit o f  electrical noise in the recording prdJcess, 
s7d t4e ETC itself would be characterizable as basically stochastic, However, 
twg :l*aracteristi.c rhythms have been  denti if led, the alpha and the beta. The 
a l p ~ e  a:rlrri ty has a freqcency of 8-13 Hz, relatively high amplitude, and is 
> r i ~ ~ ; r ~ : g  nssocdated vith ehe resting condition, The beta rhythm has a fre- 
a ~ e n c . ;  13--38 Bz, h a s  Icwer a n ~ ~ l . i t u d e ,  and corresponds to an alert state, 
Xe-:;-,c: :i,e alpha the beta rhythms are completely periodic nor are these 
s t n - l o - , ~ a r o  processes, but the assumptions of stationarity and periodicity have 
bee- ndde In virtually all EEG analyses to date, 

T'!I*~E~E iss::riptions and their consequences are the main concern of the researchers 
LP ;,e Fr2cen.t prcibLem, It may be possible that a different mathematical model 
and clE:erent funaam2ntal assumptions are more appropriate for EEG analysis and 
trsd.. unde: s different model the amstint of useful information derived from EEG 
a A u . ~ y s A s  37cl.d be comslderably increased, 

1% :escaaehers need to know of any developments in the general theory of 
s tochas t i ,  processes and particularly those developments related to nonperiodic, 
~anstatisnary processes, They are not interested in specific computer programs 
v3:\7 dvdl leb le  to carry out analyses by auto- or cross-correlation techniques or -- rourier transform techniques; it is the bas%~ theory itself which holds their 
- interest  

A co;rLpcteu search has been delivered to the researcher wlth nmerous relevant 
dcscumeiits , 

' . "~OBI-E~! NTliSC-3 A ?deans of DeCsuwi7sing the Quanti ty and S i ze  o f  Cell  Colonies 
i n  a T~ansparent  GeZ 

In a;s?3siag the effects of the environment on man, one area of interest 4s the 
3 3 1 1 i i 3  06 2nvironmental effects to produce  mr~tatio~~ of cells, Special cell 
~'641:3?12; liavg;? been developed at the National Envirommen"cal Health Sciences Center 
xs w r * n L t  study at the cellular level of the mutant capability of various environ- 
rxenatn: ?ffsets, .A special cell culture has been developed from mouse lyrnphoma 
- e l l s ,  Thesl? cells, when placed in free suspension in a gel medium, do not 
livris 2nd uroduce cell colonies under normal circumstances, If, however, a muta- 
tion t 2 k e s  plsce, ehen the nutant cells d ivPde  and produce colonies, The number 
of :#3l:n~es and the relative growtk rates will provide information on the 
@,cJ- Lrect2vencss of various environmental mutants to x~hich the cells can be exposed, 

h . s i c a : L ~ ,  a ;leans of quantitating the number of colonies produced and their 



sizes (or the size distribution) is desired. The colonies to be detected sre 
contained in flat, plastic bottles which contain the gel medium. It is desired 
:o neasure the colonies over a period of time in order to obtain a growth rate 
f u r  the coLonies and distinguish between those colonies that are growing slowly 
as.irl those that are growing rapidly. Any system to be useful must be cap~ble of 
r i e t e c t i l ~ g  colonies as small as 0.1 mm; however, detection of smaller sizzs is 
desirable. Extremely complex and expensive solutions are not acceptable, thus 
e3iminat:lng flying spot scanners and digital image processing. Presently, 
o p t i c a l  data processing is being evaluated for application to this problem. 
Contacts have been made at the NASA Goddard Space Flight Center to initiate 
discl~zssions with NASA scientists in the field of optical data processi~lg. 

M ,  - 3  Security S y s  tern for Computer Data 

r-q tests and evaluations of medical devices at the National Heart and Lung 
Bnseitwte are becoming largely automated. Since medical devices must undergo 
analysis before they are cleared for marketing, it is very important to the 
well-being of the general public that only those devices that are safe and serve 
well the intended purpose are cleared, Passing an unsafe or ineffective device 
or rejecting a needed useful device because of a computer-related error must be 
o d e  The security system should: 

(1) Verify test data, i.e., the data recorded must be the actual 
response of the instrument being tested 

92) Verify the integrity of data after processing, 

A literature search resulted in several reports which might be of value. This 
iqfsrnation is under evaluation, 

2KC;BX,~~l W I - 6  Techniques for S ter iZ i za t ion  wi th  PZasmas 

A plasma is a gas which is composed of a nearly equal number of positive ions 
and electrons. Because it is composed of charged particles, a plasma exhibits 
many 2henornena not encountered in ordinary gases, One such property is its 
a 5 i l i t . y  to destroy living micro-organisms with which it comes in contact, This 
i r i r po r t a r~ t  property could provide a greatly improved means of sterilizing medical 
derrlcees, 

c"kai~norr2.y used methods of sterilization are : (1) heat, (2) radiation, and 
(33 ehe~n ica l ,  Material degradation occurs when heat or chemical sterilization 
techniques are employed while electronic components become less reliable when 
szihjeeted to high temperatures or radiation. 

Sterilization employing plasma techniques would offer a means of more complete 
sterilization of medical devices without accompanying degradation of device 
r e i i a b i l i t y ,  This method would be of particular importance in sterilizing devices 
to be inplanted in the body where the functional integrity of the implant is 
c r i t i c a i ,  e,g., an artificial heart, 

A JI<terature search failed to produce a solution to the problem. The Team was 
aware that much plasma research has been done at NASA's Lewis Research Center 



and contacted the Lewis Technology Utilization Office regarding this problem. 
A8 a result, the problem originator is currently in direct contact with Lewis 
personnel involved in plasma research and will work with them in seeking T.he 
problem solution. 

PROBLEM Pi$-:-56 An Improved Fluid Pressure Calibration System 

A significant problem in hospitals and medical research institutions irvolves 
the testing and calibration of equipment used in taking physiologic mensurements 
k o  research and diagnostic use, Most hospitals and medical research institu- 
t i m s  have in their inventory a large nurnber of pressure transducers of varying 
nanufacture and design that are employed by investigators in their research 
7rogriBms and by clinical personnel in the diagnosis and treatment of patients. 
Thaze da-vn.ces have real value only when their performance is within speeifica- 
1- 1 
L L O C S *  Indeed, when transducers are out of calibration, the indicated results 
Zsad to false conclusions. It is extremely desirable that all pressure trans- 
ducers used for research and clinical purposes alike be within calibration in 
order not to yield inaccurate and misleading data, A calibration system which 
cou ld  be used to check and verify the accuracy of pressure transducers employed 
In t b e  hospital and the medical research facility would be a very useful addi- 
I - i n - I ,  Basically, a calibration unit consisting of a pressure wave generator, 
an Sccurzte standard transducer, a pressure chamber, and appropriate manifolding 
-LS desired, The pressure generator must be capable of generating fluid pressures 
in the  chamber from near zero to approximately one atmosphere of pressure, 
vrc;~ancy response of the pressure generator within a given pressure output 
ahnw4cJ oe constant 2 5% over the frequency range O , %  Hz - 150 Hz, 

A. ps t ex t i a l  solution to this problem was discovered in the aerospace literature 
as a result of a computer search, This problem has been recommended to TUD as 
a r  s~plications engineering project to be carried out at the University of 
a Disposition of this problem awaits a decision on the approval or 
disapproval as a reengineering project. 

PRC?BLE~'I NJ: - 97 An Ergometer for Parap Zegics 

The researcher has been involved for a number of years in conducting an endurance 
r raJn5ng  program, The effects of various kinds of exercise and endurance train- 
ing on human subjects have been determined as a result of the programs, The 
bas i c  areas of study have been the effects on the cardio-vascular and respiratory 
systems of exercise on a regular periodic basis--in some cases extreme endurance 
t r a l n i n g  programs, and in others nothing more strenuous than walking. The 
researcher wishes to undertake a program involving exercise and endurance train- 
ing o f  paraplegics, He is undertaking a program to determine the effects of 
regular periodic exercise on the respiratory and cardiovascular systems of para- 
~legics, This will require the implementation of programmed exercise regimens 
oy the exercising paraplegics, Conventional ergometers, in which the subject 
pedals w i t h  his legs to expend a definite amount of energy, cannot be used in 
t h i s  program because the paraplegics cannot use their legs. The exercise must 
Se accomplished with the arms, Because of the construction of conventional 
zrgometers, significant structural modifications will be required to permit these 
units to be employed with paraplegics. In addition, it would be difficult and 



rime-consuming to convert the ergometers back to ordinary leg operation. This 
p r o b l e n  was accepted because it was felt that the exercise requirements for 
artronzuts in space might have resulted in the design of ergometers suitable 
for use in this particular application, 

2i.scwssions with ~ersonnel at the NASA Marshall Space Flight Center reveal that 
an ergometer designed and built there for the Skylab program has application to 
this problem. Attempts were made to obtain a unit on a loan basis for evalua- 
tion by the researcher, but unfortunately both units are committed, and therefore, 
nor available, If funds for construction of a unit could be obtained, the unit 
x o i ~ l d  be useful in the researcher's program. 

?RGBZi13R WWRC - I Marking or Identification Method for Tools 

Tne Woo2sow Wilson Rehabilitation Center offers training in a number of different 
areas for handicapped persons so that they can assume fruitful vocations, Many 
of thesk classes require the use of hand tools. The necessary hand tools are 
issued to the student when he begins the course, and he keeps the same tools 
thro-~eghout the course which may last as long as one year. A method of marking 
these hand tools so that they can be easily identified is desired. The tools may 
be of wood, plastic, or hardened steel. Various marking methods such as metal 
stamps, file and center punch marks, paint, enamel, and lacquer, and vibration 
tools have been used for marking these tools. All of these methods have proven 
to be unsatisfactory for a variety of reasons ranging from low visibility, poor 
durability, inability to mark hardened steel, and difficulty of using the marking 
t o o l s ,  It is important that the marking method be relatively simple since the 
students mark their own tools. 

A suggestion was received from the Langley Research Center which involved the 
use o f  heat shrinkable plastic tubing as a marking method. This type of marking 
has several desirable features including relatively good durability and extreme 
ease of application. The problem originator has obtained samples of the heat 
shrinkable tubing and is currently evaluating their use as a marking method for 
tools in actual practice. 

PROBLml I C -  7 A Signalling (Nurse-eaZ2) System for Multiple ScZerosis Patients 

The Woodrow Wilson Rehabilitation Center of the Virginia Department of Vocational 
Rehabililzation is planning a new building for the Medical Services Division. 
Anong "chose who will be housed in the new building are a number of multiple 
sclerosis patients with severe disability. Such patients have little or no use 
of hands and feet. Consequently, they must depend on the services of nurses for 
prsctically all of their needs. Their disabilities are often so severe that they 
cannot accomplish a relatively simple task (for a person without disability) of 
operating the call button used in most hospitals to signal the nursing station 
that the patient is in need of help. An improved calling system is needed to 
permit these patients to initiate nurse calls relatively easily. Such patients 
generally have voluntary control of one or all of the following functions which 
migh t  conceivably be used for control: 



1, Breath (respiration) ; 

2, Eye movement and blink; 

S s  Head motion--the head can generally be raised two inches and can be 
turned from side to side. 

f t  is also desirable that the signalling system be capable of activation by 
a patient sitting in a wheelchair beside the bed. A simple reliable technique 
2s d a s f r e d ,  

The Southwest Research Institute has in the past encountered a similar problem, 
As a r e s u l t  of their searching, they found a NASA tech brief which described 
aa o p t i c a l  system that might be modified for use with MS patients. This tech- 
n i q u s  along with several other potentially useful techniques is being evaluated 
by t he  problem originator. 
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APPLICATION OF AEROSPACE TECHNOLOGY TO MEDICINE 

F. Thomas Wooten 
Research Triangle Institute 

Research Triangle Park, North Carolina 

Abstract 

The National Aeronautit s and Space Administration has sponsored ~4 

program for several years which is designed to transfer new tech- 
nology developed in the aerospace field to the field of medicine, 
Usirlg a multidisciplinary team of engineers and scientists called 
a Biomedical Application Team, medical research problems are 
identified by personal interaction between the team and scientists 
in medical centers throughout the country. In this paper new in- 
sights into the process of technology transfer are discussed as 
~qeli as apecific examples of the success of this program. 

1 . INTRODUCTI ON 

The dramatic successes of our space program are the result of a broad and 

c a r e f u l l y  developed technological base. The costs involved in establishing and 

expanding this technological base are of sufficient magnitude to warrant an 

additional effort to find applications outside the space program, Congress had 

the foresight to recognize this in the Space Act of 1958 in which the National 

Aeronautics and Space Administration was directed to search for secondary 

applications, One part of this effort is described here, 

For several years NASA has sponsored a program whlch has at its core multi- 

dl . sc ip l lnary  teams of scientists and engineers called Biomedical Application 

Teams, Such a team is located at each of three not-for-profit research institutes 

(Research Triangle Institute of North Carolina, Southwest Research Institute of 

Texas, and Midwest Research Institute of Missouri). The teams seek to provide an 

interface between two diverse fields: aerospace and medicine, 

The medical profession has awakened in the past decade to the need for 

advanced technology in medical research and health care, This awakening alone is 

not enough, Some effective avenues for the flow of information, ideas, and tech- 

nology bet.ween the physical and medical sciences have been established, but more 

are needed. This program provides one such avenue, 

2, METHODOLOGY 

Technology utilization is the term applied to the task of finding second 

applications for technology. Many of the methods for implementing the concept 



o f  technology utilization are largely passive in nature; passive in this case 

means rhe information is provided to those who seek it and thus, the physician 

must understand the informatlon system in order to use it, One of the unique 

f c a t ~ r r a s  of the Biomedical Application Team program is that the method d ~ . ;  

strive, Active, in this sense, means that the problems and solutions are 

activsly sought, 

This search for problems is carried out by the members of the multi- 

cisc"~p1inar-y team. Team members visit major medical centers (the National 

In s t -Wtes  of Health and medical schools) where suitable medical problems are 

i dan tu f r ed  with the aid of a consultant. The consultant, a medical center staff 

r~ielilbcr, hel.ps to insure that the problems selected meet certain minimum require- 

meqtc, In general our team accepts only those problems which (I) have no 

soi~taons available on the commercial market, (2) are discrete and can be defined 

LT? spec-kf'ib: ternsp ( 3 )  impede the progress of priority efforts of the physician, 

and <l.Q appear amenable to solution by aerospace related technology, We impose 

t k s e  requirements because this program is designed for problem solving, not 

;ust xnforrnarion searching. 

;f a problem meets these requirements, it is defined by the physician and 

tea311 member during one or more meetings. Personal interaction has been found to 

play a vital role in many aspects of the program, and problem definition is no 

esczptnon, During problem definition, the team member determines the physical 

scier:i*e 0.8: engineering requirement which is impeding the medical research, 

Problem definition can probably best be explained by an example: Arthritis 

is s crippling disease which can result in the destruction of the ball and socket 

joint o f  the hip. One method of treating this problem is to replace the human 

hip b a l l  and socket joint with an artificial material. An orthopedic surgeon 

asked the team to find an improved material. The team quickly determined that 

the basic problem was that existing materials have inadequate friction and wear 

eharecceristics, The team looked for improved low friction-bearing materials 

whit?-r, were biocompatlble and not just for prosthetic hip joint materials, Thus, 

the search could be broadened to areas unrelated to medicine. 

After a problem is defined, a solution is sought using several approaches. 

First, a computer search of the NASA document bank is performed which covers the 

dncuxrients identified in Scientific and Technical Aerospace Reports (STAR) and 

International Aerospace Abstracts (IAA), The bibliography and related documents 

are analyzed by the physician and the team member to detemine whether an adequate 

sa ld? ion  is available, 
106 



A second approach used in finding solutions is to request suggestions from 

NASA personnel by circulating concisely written problem statements to the NASA 

field centers. These documents are circulated by the Technology Utilization 

Officers (TUO) who are located at each center and who have a detailed knowledge 

of the research activities at their centers. The TUO provides a vital link 

between the teams and key NASA personnel. 

A third approach is to contact field center personnel or NASA contractor 

personnel directly when the teams are aware that these personnel have knowledge 

about aarticular problems. These contacts, coordinated with each TUO, allow 

the teams to rapidly obtain advanced technological information. 

After an idea or individual has been identified by these searching procedures, 

both direct and indirect contacts between physicians and NASA personnel are 

arranged, In the former case, physicians have visited NASA centers for dis- 

etlssioris; in the latter case, the team members have provided the contact by visits 

and correspondence. Always the idea is to provide the physician with fresh in- 

sight into his problem from a discipline he does not normally encounter, 

The team then acts as a catalyst to provide implementation of the ideas. 

Although the primary responsibility for implementation of the technology lies 

with the physician, the team assists in engineering consultation and in recom- 

mendations for ways of applying the technology. In addition, in a few instances 

hTASA has implemented the technology directly when it is clear that no other 

avenues are open to the physician and when the necessary expertise is available 

only within NASA. At all times, the team feels that success comes only when 

utilization has occurred. 

3. PROGRAM ANALYSIS 

Because the transfer of technology in this active mode is a unique venture, 

significant efforts are made to analyze the transfer process so that improvements 

in transfer methodology can occur. This is done by careful documentation of all 

phases o f  the program and by a continuing analysis of the results, 

Both the operations research approach and the goal oriented approach are 

used for analysis purposes. The operations research approach is needed to 

exnerimentally examine the tactics of the program, and the goal oriented approach 

is needed to insure that the operational phase of the program obtains realistic 

progress, Both approaches are correlated to achieve optimization of methods 

for maxtmum results, 

The analysis phase of the program has disclosed several important facts 

about the problem of finding second applications for space technology. First, 
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although the searching of document files is one key aspect of the program, it 

is n c t  the most important aspect. Most information systems are designed td 

retrieve information directly related to a subject, Information that is 

indirectly related to a subject cannot be easily retrieved unless the searcher 

has come initial clues. As an example, a search for methods of rapidly neating 

klood wsuld probably not include semiconductor fabrication as a search term un- 

less the searchers were aware that microwave heating is a vital aspect of semi- 

conductor fabrication processes, Thus, search results are limited by the 

oxperiance of the searcher. 

The second important lesson learned from this program is that personal 

interaction is vital when two diverse disciplines are attempting to interact, 
T ,n Eac t ,  disciplines do not interact, but people do. The interaction between 

zwo diverse disciplines really results when two people sit down to talk, If we 

simply give a physician an engineering document, the results are usually zero. 

Tbs physicnan cannot begin to realize the significance of modern communications 

t e t n n o l o g y  to his method of dispensing health care, and the engineer cannot 

racognize the significance of his cryogenic technology to leukemia therapy 

~ n t i 4  face-to-face and repeated personal interaction occurs, Personal inter- 

a c t ~ c i n  between all elements of the team program (physician, team member, and 

as roepace  engineer) has been found to be of major importance for success, 

EES OF RESULTS 

In order to illustrate both the methodology and the results of the Biomedical 

AppLica l ion  Team, examples of particular problems will now be discussed, 

In Figure 1, a prototype of a prosthetic urethral valve is shown, This 

vaP5~;. i.s designed to meet the needs of patients with urinary incontinence or 

the inability to voluntarily control urination. In addition to the obvious 

30~239 and hygienic implications of incontinence, this inability to control 

urination can result in tissue deterioration, infection, kidney damage, and even- 

tually death, Previous attempts to solve this problem using electrical stirnula- 

tkon have not been satisfactory. 

Cne problem in attempting to use a valve in the urinary system is that urine 

causes am incrustation that fouls most valves, This problem was posed to NASA 

ecgS~7eers at Lewis Research Center who proposed the use of a corrosion resistant 

valve, A team engineer proposed a check valve that together with the bulb shown 

i n  Figure 1 forms a bistable valve which controls the urine flow, This device is 

now ~ n d e r  construction for animal implantation in the near future, If it is 



FIGURE 1 - PROTOTYPE PROSTHETIC URINARY VALVE 

perfected, an estimated 15,000 patients per year could benefit from this device. 

The next example concerns the use of heart pacemakers. When the heart becomes 

unable to maintain a completely regular beat, a small electrical pacing signal is 

supplied by a pacemaker. Two methods are used to connect the electrodes to the 

heart, but the principle difficulty with this device is the tendency of the heart 

TO eject the catheter. 

An. alternate method for electrode placement is to open the chest by major 

surgery and insert the electrodes directly into the heart wall. These electrodes 

and the connecting wires must be in the form of a coiled wire or spring in order 

to solve the problem of material fatigue which occurs because the heart beats 

aboat forty million times a year. Although this method avoids the problem of 

ejection o f  the electrodes, the need for majm surgery is a severe disadvantage. 

The disadvantages of the latter technique can be solved without destroying 

its advantages by using an idea suggested by a NASA engineer, This idea utilizes 

the aaterial Nitinol, shown in Figure 2, which exhibits a mechanical memory that 

is activated by heat, If the material is annealed in the form shown in Figure 2c 

and then crumpled into the shape shown in Figure 2a, it will regain its annealed 

shape when reheated. 

Using this concept, an electrode wire is annealed into the coil shape needed 

For fatigue resistance. The wire is then straightened and inserted into the 



FIGURE 2 - MECHANICAL MFMORY ALLOY FOR ANTENNA APPLICATIONS 

heart wall with a hypodermic needle, After the needle is withdrawn, the wire 

gradually assumes the coiled shape as it warms to the body temperature. This 

concept, which was called to the team's attention as a result of a problem 

statement circulated to a NASA field center, utilizes a technique used by NASA 

for design of space antennas. 

A third example of a technology application resulted when the National Air 

Pollution Control Administration (NAPCA) wanted to study the effects of carbon 

monoxide on automobile drivers, A search revealed that a NASA scientist at 

Langley Research Center had developed an instrument, shown in Figure 3, which 

measured the coordination and reaction time of astronauts exposed to contaminants 

in spacecraft, This instrument was loaned to NAPCA and is now being used for 

planned experiments, Although this use of the equipment is not significantly 

different from the basic NASA use, it is interesting to note that NAPCA had planned 

to develop such an instrument on contract so that a significant savings in tax 

dollars resulted, 

A fourth example is shown in Figure 4, This is a radiation dosimeter probe 

developed under NASA sponsorship for nonmedical purposes and is now being used 

to measure the radiation level absorbed around cancerous areas in order to 



FIGURE 3 - COMPLEX COORDINATOR 

determine the position of administered radioisotopes. This allows more precise 

definition of cancerous areas and prevents damage to surrounding healthy tissue, 

The final example of technology application concerns the need for an 

improved electromyographic muscle trainer, When muscles of the hand become 

damaged or atrophied, an electromyographic muscle trainer is employed to deter- 

mine whether or not a specific muscle is being used, The trainer consists of 

FIGURE 4 - RADIATION DOSIMETER 
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FIGURE 5 - ELECTROMYOGRAPBIC ELECTRODES 

two electrodes, an amplifier, and a speaker which allows the patient to hear 

when a specific muscle is being used, but the bulky electrodes previously employed 

were too large for proper results, 

Ffgure 5 shows the use of s~naPl electrodes devised from NASA-developed 

spray-on electrode formulations. With these electrodes no further attachment 

mechanism is needed for the wires, and the electrodes provide extremely satis- 

factory results. 

The improved access to the muscle being exercised permits improved rehabili- 

tation procedures for a significant number of patients. The technique is already 

in use in several rehabilitation centers, 

5. CONCLUSIONS 

T h ~ s  paper has described a new and exciting approach to the process of find- 

ing new applications for space technology, NASA has taken the lead in implement- 

ing the concept of technology utilization, and the Technology Utilization Program 

is the first vital step in the goal sf a technological society to insure maximum 

benefit from the costs of technology, Experience has shorn that the active 

approach to technology application is unique and is well received in the medical 

profession when appropriate problems are tackled. The problem-solving approach 

is a useful one at the precise time when medicine is recognizing the need for 

new technologyI 



It is significant that the decade which heralded the space age is also the 

decade that signaled the awakening of medicine to the need for technology. 

mether the coincidence is directly related, indirectly related, or unrelated 

can be argued by philosophers. But this simultaneous occurrence cannot be ignored, 

and this program is one step in the many that are needed to fulfill medicine's 

needs, Thus, the Biomedical Application Team program clearly fits the purpose 

05- this First Western Space Congress which is to "explore how space technology 

cart be applied to the betterment of elements of world society." 




