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PREFACE 

I n  t h e  e a r l y  Spring of 1971 arrangements were made by t h e  author  fo r  

h i s  s a b b a t i c a l  leave;  simultaneously, a d e s i r e  i n  t h e  College of Engineering 

t o  i n i t i a t e  the planing of c u r r i c u l a  f o r  Bioengineering programs l e d  t h e  author t o  

suggest t h e  use o f  a Large por t ion  of h i s  s a b b a t i c a l  time f o r  t h e  purpose o f  

v i s i t i n g ,  and obta in ing information concerning Bioengineering, from t h e  h o s p i t a l  

cen te r s  and medical teaching cen te r s  i n  t h e  New York City-Long Is land area .  

The plan was discussed with D r .  Edrnund Pel legr ino,  Vice Pres ident  of t h e  

~ e a l t 6  Science Center and Professor Daniel Dicker, then Executive Officer of 

t h e  College o f  Engineering. I t  was .decided t h a t  such a n  a c t i v i t y  would, i n  

fact, be  valuable  i n  helping t o  formulate plans f o r  t h e  design of t h e  afore-  

mentioned cur r i cu la .  D r .  ~ e l l e ~ r i n o  provided t h e  names of h o s p i t a l  d i r e c t o r s  

I of t h e  l a r g e  medical cen te r s  who could b e  contacted for t h e  purpose of in-  

i t i a t i n g  discuss ions .  The s a b b a t i c a l  l e a v e  was subsequently approved by t h e  

I Academic Officers and t h e  Pres ident  of  t h e  S t a t e  Universi ty a t  Stony Brook. 

I 
A t  each and every one of t h e  i n s t i t u t i o n s  v i s i t e d  t h e  author  was given t h e  

* 

utmost of cooperation and of time by personnel i n  both t h e  admin i s t ra t ive  

I .  o f f i c e s  and t h e  medical departments a ssoc ia ted  with those  i n s t i t u t i o n s .  The 

t o t a l  l is t  o f  names o f  t h e  people who contr ibuted t o  t h e  p ro jec t  and who have 

1 t h e  apprec ia t ion  and g r a t i t u d e  o f  t h e  au thor  is far t o  l e n g t h l y  t o  be mentioned 

1 
i n  t h e  present  document. It should be mentioned t h a t  t h e  information and t h e  

opinions contained wi th in  t h e  present  r e p o r t  do not  necessa r i ly  r e f l e c t  t h e  

1 opinions of  t h e  personnel i n  t h e  medical cen te r s ,  with whom t h e  author  i n t e r-  

acted ,  bu t  are the  i n t e r p r e t a t i o n s ,  by t h e  author ,  of  those  conversat ions and 

of t h e  a c t i v i t i e s  observed i n  t h e  h o s p i t a l s .  - .. 
The author  a l s o  agreed, a t  t h e  o u t s e t ,  t o  provide a r e p 6 r t ,  regarding 

t h e  v i s i t s  t o  t h e  medical c e n t e r s ,  t o  t h e  Office of  the  Vice Pres ident  of 



Health Sciences and t h e  t o  t h e  Off ice  o f  t h e  Dean of Engineering. The 

p resen t  docunent is  r e s p e c t f u l l y  submitted as c o n s t i t u t i n g  t h a t  r e p o r t .  

S t a t e  Univers i ty  of New York a t  Stony Brook 

May 1972 



INTRODUCTION 
... 

I The manner i n  which new cur r icu la  a r e  usually developed a t  most academic 

I i n s t i t u t i o n s  proceeds from a decision by academic personnel regarding t h e  

objectives o f  a new subjec t  area  and to  develop courses, with t he  a t tendant  

I cowse descr ipt ions  which w i l l  s e rv ice  such an object ive .  The courses, a f t e r  

being presented f o r  a number of subsequent years,  a r e  adjusted i n  scope a s  

feedback, v i a  the  experiences of the  graduating students,  becomes avai lable .  

I These experiences provide information a s  t o  what modif4cations i n  t h e  courses 
-. 

a re  required i n  order t o  have the  course mater ia l  more nearly coincide with 

the career  s i tua t ions  which t h e  students encounter over a period o f  years.  

Hopefully t h e  course content t h a t  eventually ensues will generate graduates 

with a more a p p o p r i a t e  academic experience. However, t h i s  approach requires  

1 a r e l a t i v e l y  lengthy period of time during which the  t r i a l s  and e r ro r s  of 

course developnent begin t o  reduce the  e r r o r  between the  kinds of mater ia l  

given i n  a par t i cu la r  course and mater ia l  ac tua l ly  useful  t o  t h e  students.  

I During the 1971-72 Academic Year plans were i n i t i a t e d  a t  the  College of Engin- 

eering a t  t h e  s t a t e  University of New York a t  Stony Brook f o r  the  developinent of 

1 bioengineering cur r icu la .  The auth,or of the  present repor t  was involved i n  

these plans,  and he suggested t h a t  it might be advantageous t o  use a l a rge  

portion of his s a b b a t i c a  time i n  order  t o  v i s i t  t he  la rge  hosp i ta l  centers  and 

medical teaching centers  i n  t he  New York City-Long Island area  with the  purpose 

of obtaining information a s  t o  t he  or ien ta t ions  which the  design of  bioeng- 

I ineering cur r icu la  should take. The procedure would thus provide a format 

whereby the  facu l ty  involved i n  t he  cur r icu la  development would be receiving 

1.. , .information d i r ec t l y  from the  hosp i ta l s  and fiom the hospi ta l  personnel; these 

1 - 

.are es sen t i a l l y  the  ul t imate  consumers of  the  bioengineering graduate. This - - .  - - 

would serve t o  shorten t h e  feedback loop whereby the  information, as t o  whether 



a p a r t i c u l a r  curriculum was success fu l  or  unsuccessfuL could be u t i l i z e d  t o  

guide t h e  appropr ia te  course a l t e r a t i o n s .  The e s s e n t i a l  ques t ion which w a s  

I t o  be  asked t h e  members of t h e  var ious  h o s p i t a l  s t a f f s  is e s s e n t i a l l y  t h e  

following: What do medical c e n t e r s  r e q u i r e  from engineering i n  t h e  way o f  a 

I .  technological  backup f o r  t h e  de l ive ry  of  h e a l t h  services?  Asked another way: 

If engineers a r e  t o  be employed i n  medical cen te r s  o r  i n  o t h e r  i n d u s t r i a l  

i n s t i t u t i o n s  who supply equipment and se rv ices  t o  t h e  h o s p i t a l s ,  then what 

kinds o f  academic sub jec t  ma t te r  and o t h e r  experiences should t h e  engineers 
-. 

b e  exposed t o  during t h e i r  t r a i n i n g  period? Thus, with such a ques t ion t h e  

1 author w a s  e s s e n t i a l l y  i n  t h e  p o s i t i o n  o f  asking t h e  medical personnel: What 

8 is it t h a t  you need from engineering and what it is t h a t  we,in engineering, 

can do f o r  you? This i n f o m a t i o n  would then be  repor ted  back t o  t h e  appro- 

1 p r i a t e  academic bodies involved i n  t h e  planning o f  curriculum and hopefully 

could provide a b a s i s  f o r  the  curriculum development. The h o s p i t a l s  which 

were v i s i t e d  included Downstate Medical Center,  S t a t e  Universi ty of New York; 

I Nassau County Medical Center,  &st Meadow, New York; t h e  Mount S i n a i  School 

of Medicine, NYC; The New York Hospital-Cornell Medical Center,  - NYC; t h e  

I Long I s l and  Jewish EIedical Center ,  New Hyde Park, N.Y. ;  t h e  Alber t  E ins te in  

College o f  Medicine, Yeshiva Univ., Bronx, N.Y.;  t h e  NYU Ne6ical Center ,  NYC; 

8 and Columbia Univers i ty ,  College of  Physicians & Surgeons, NYC.  It should 

I be  mentioned a t  t h e  o u t s e t  t h a t  the  remarks and t h e  o u t l i n e s  presented i n  what 

follows do n o t  necessa r i ly  r e f l e c t  t h e  opinions o f  t h e  personnel with whom 

discuss ions  were held .  Rat;her they represen t  t h e  impressions received,  by 

t h e  author ,  from these  d iscuss ions  and from t h e  kinds of  a c t i v i t y  which he 

1. - .saw taking place i'n t h e  i n s t i t u t i o n s .  The most v i v i d  o v e r a l l  impression 

received during t h e  v i s i t s  was t h a t  t h e  t e r m  "Bio-engineeringt' could i n  no 

way represen t  a s i n g l e  set  of  pedagogical sub jec t  matter which could be 

I 



I placed bekieen coveps of a s ing l e  textbook o r  within t h e  confines of a course 

o f  one o r  two semesters,and t o  which a student could be exposed s o  as t o  1 
'1 produce a bioengineer. The aspect  of engineering i n  medical i n s t i t u t i o n s  

o r  medically- related indus t r ies  is a s  many faceted a s  is engineering i n  

any of t h e  high-tea5nolog-y endeavors such a s  aerospace, e lec t ron ics ,  systems 

engineer ire, e t c  . 
The usual procedure followed i n  arranging . . .for. t h e  v i s i t s  t o  t h e  hosp i ta l s  

involved a p r io r  c a l l  t o  t h e  chief  administrator o f f i c e r  o f  t he  hosp i t a l  -- 

1 . center  w i t 5  whom a n  appointment was made. The v i s i t  was i n i t i a l l y  made t o  

t h e  d i rec tor ,  and l a t e r  t o  o ther  personnel on h i s  s t a f f .  In  some instances 

1 - t h e  d i rec tor  provided the  author  with an introduction t o  those personnel 

whom t h e  author could contact  d i r ec t l y .  A t  every i n s t i t u t i o n  v i s i t e d  t he  

author was given a considerable amount of cooperation and of a t t en t ion  and 

I -  i n  most cases was provided with opportunit ies f o r  discussions involving both 

t h e  administrat ive personnel and the  medical personnel o f  t he  i n s t i t u t i o n .  

1 Later,  a tour was usually tendered i n  which the  author was brought t o  those 

pa r t s  of the hospi ta l  involving the  engineering a c t i v i t y .  These tours  

inclcded v i s i t s  t o  Intensive Care Units, Corocary Care Units, t h e  hosp i t a l  

I plant  engineers, and, i n  those cases where e lec t ron ic  and instrumental 

engineers already existed on t h e  s t a f f ,  v i s i t s  t o  t h e i r  f a c i l i t i e s .  While 

I it would be imprudent f o r  t h e  author t o  make comparisons between spec i f i c  

I 
i n s t t t u t i o n s  it nevertheless should be mentioned t h a t  t he  impression receive& 

during these v i s i t s  indicated t h a t  the  personnel on t h e  hosp i ta l s  s t a f f s ,  

I whose presented t h e  technological backup of themedica l  a c t i v i t i e s  (suck-+ 
/ 

servLce personnel f o r  t h e  e lec t ron ic  equipment, ewir.oprt-- &Some1 on & 

A aiziag with hospi ta l  planning 
staffs of hosp i t a l  administrators,  pr: * 



I and organization,  computer s p e c i a l i s t s ,  etc.),ranged i n  number from one or 

two i n  some hosp i ta l s  t o  a s t a f f  of 30 o r  35 i n  a t  l e a s t  one hospi ta l .  

1 In t h i s  l a t t e r  case the  personnel included approximately f i v e  engineering 

I 
s p e c i a l i s t s  who were engaged i n  a department of medical instrumentation. 

The l a t t e r  case  was, however, outstandingly unique among the  i n s t i t u t i o n s  

I v i s i t e d  i n  t h a t  none of the  o thers  come c lose  t o  t h a t  l e v e l  of a c t i v i t y  i n  

t he  present  context. 

1 I In  every i n s t i t u t i o n  v i s i t e d  it was apparent, however, t h a t  t h e  
I 

, I administrat ive personnel and medical personnel recognized the  need for  

technological  backup, especial ly  i n  t he  use of some of t h e  newer e lec t ron ic  
I 

I equipment, t h e  prosthet ic  equipment and i n  the  medical research already i n  

progress. However, t he  budget cons t ra in t s  with which hosp i ta l s  a r e  presently 

' 1  faced make it very d i f f i c u l t  fo r  medical personnel t o  agree t o  reduce budgets 

i n  those portions of the  hosp i t a l  a c t i v i t y  involving d i r e c t  pa t i en t  care  i n  I 
favor of providing funds f o r  t h e  employment: o f  engineering personnel f o r  t h e  

I design and the  maintenance of equipment,and f o r  o ther  in te rac t ions  ~ 6 t h  t he  

medical services  and administrat ion.  This is, of course, understandable, 

1 .  and it should a l so  be made c l ea r  t h a t  the  advent o f  the  engineer i n  such 

I organizations is i n  its very ea r ly  s tages .  The engineer, f o r  t h e  present,  

comes in to  the  hosp i t a l  e s sen t i a l l y  a s  a guest ,  and i n  order f o r  t he  medical 

1 personnel t o  f e e l  a need f o r  h i s  presence and 'for t h e  value of  engineering 

I 
' personnel as par t  of t h e  medical team it w i l l  be necessary t h a t  t h e  engineer 

earns h i s  way i n  the  hosp i t a l  a c t i v i t y .  That is ,  high productivity w i l l  be 

I, a requirement, from those engineers who i n i t i a l l y  join hosp i t a l  teams,in order 

. t o  provide a basis  f o r  f u r t h e r  expansion of engineering departments within 

I t h e  hospi ta l .  It w i l l  be necessary f o r  those engineers who do, i n  f a c t ,  

I 
join t h e  s t a f f s  of medical i n s t i t u t i o n s  t o  maintain an a t t i t u d e  of 



I innovativeness, f l e x i b i l i t y  and a will ingness t o  search out  t he  needs of 

t he  medical team and t o  provide those needs, a s  wel l  a s  t o  develop and t o  . 

1 d i r e c t  engineering a c t i v i t i e s  i n  a manner indicat ing t o  medical personnel 

what new things  engineering t a l e n t  can provide. It was a l so  evident,  i n  

some o f  the  i n s t i t u t i ons  where there  may have been some i n i t i a l  res i s tance  

1 t o  t h e  presence o f  non-medical personnel a s  pa r t  of the  d i r e c t  pat ient- care  

a c t i v i t y ,  t h a t  once engineers made t h e i r  t a l e n t s  f e l t  t h i s  r e s i s t ance  

I seemed t o  disolve very rapidly  and the  medical personnel became very willing -- 

1 
t o  u t i l i z e  the  engineering t a l e n t  i n  t he  delivery of health services .  

The following portions of the  repor t  discusses the  aspects  o f  engineering 

I from the  subject  of hosp i ta l  construction through a spectrum o f  a c t i v i t y  up 

t o  and including medical research.  It was, however, obvious t h a t  the  very 

immediate needs of  hosp i t a l  cen te rs ,  f o r  engineering t a l en t ,  focuses on ' the 

I following areas:  (1) t h e  organization of both t he  administrat ive functions 

and of the  physical p lan t  of hosp i ta l s ,  (2 )  t he  flow of information -throughout 

I t he  hosp i ta l s  ( t h i s  is  not only medical information, but includes information 

of an administrat ive nature) and ( 3 )  t he  acquis i t ion ,  maintenance and use of 

1 - . the medical instrumentation. 

I . Hospitals a r e  presently repos i to r ies  of a g rea t  deal of e l ec t ron i c  

equipment, a s  well  a s  equi~ment which operates and is control led by I 
I elec-tr ici ty.  The equipment, f o r  t h e  most pa r t ,  i s  purchased by the hosp i t a l  

on the  bas i s  of information provided by the  vendor, who convinces a : . 

I physician t h a t  he requires  t he  equipment- I-- many cases, although t h i s  need 
. . 

may be v a l i d r  the  equipment being brought i n to  the  hosp i ta l ,  according t o  

- * many repor t s ,  is  found not t o  be operating a t  t he  proper l e v e l  of performance, 

I : .and t h e  spec i f ica t ions  f o r  such equipment a r e  apparently not what they should 

I 



I be e s p e c i a l l y  with regard t o  t h e  s a f e t y  o f  p a t i e n t s  and of  personnel us ing 

t h e  equipment. A fu r the r  c o n s i s t e n t  complaint, heard during t h e  v i s i t s ,  

1' con-erned t h e  f low and t h e  r e t r i e v a l  of information throughout a h o s p i t a l  

system. It was mentioned, repeatedly ,  t h a t  while t h e r e  is a voluminous 

amoant of  d a t a  being recorded by t h e  var ious  equipment i n  t h e  h o s p i t a l  and 

1 t h a t  such i n f o r s a t i o n  is  being i n s e r t e d  i n t o  h o s p i t a l  records  inc luding 

corn?uterized systems, it is extremely d i f f i c u l t  f o r  t h e  medical personnel  

! t o  r e t r i e v e  that' por t ion  o f  t h e  information u s e f u l  t o  them f o r  t h e i r  -. 

immediate purposes and i n  a language which they can understand. These 
* 

personnel f ind  t h a t  it i s  ejctremely d i f f i c u l t ,  f o r  ins tance ,  t o  " pul l  

1 . %  t h e  char t s f1  on a p a t i e n t  by a method o t h e r  than r e v e r t i n g  t o  t h e  usua l  

one of a handwritten c h a r t  hanging on t h e  p a t i e n t ' s  bed. 

Therefore, i f  any conclusion t h a t  can be  reached about those  a r e a s  
- 

I i n  which t h e  engineer would f i n d  immediate opportunit ies ,  thdse  t h a t  

appsar t o  be most evident a r e  computer engineering,  e l e c t r o n i c s ,  instrumenta-  

t iox  engineering, engineering involving p r o s t h e t i c  devices and engineering 

involving t h e  design and t h e  organizat ion o f  h o s p i t a l  a c t i v i t y .  

1 The importance of continuously monitoring t h e  ca ree r  oppor tun i t i e s  

I i n  the f i e l d  of bio-engineering cannot b e  overs t ressed.  The information 

w i l l  provide t h e  necessary feedback i n  o rder  t h a t  t h e  modificat ion o f  

1 c u r r i c u l a  and of  s y l l a b i  be  a s  r a p i d  a s  poss ib le .  ~ h a ~ i s ,  every a t tempt  

I 
sho-dld be made t o  prevent an  occurence, once again  whereby a l a r g e  number 

of graduates  a r e  i n j e c t e d  i n t o  what is apparent ly  a highly v i a b l e  p ro fess iona l  

I f i e l d  only t o  f i n d  t h a t ,  by t h e  t i m e  s tuden t s  have gone through t h e  usual - 

' 'few of f i v e  years' of educat ional  experience, t h e  f i e l d  has been sa tu ra ted .  

I - 
k i ~ u a t i o n s  i n  -which t h i s  has  happened ( i  . e . , physics,  chemistry, mathematics, 



I 
-7- 

aerospace engineering, e tc . )  a r e  already well-documented. The constant  

I monitoring of career  opportuni t ies  should be an e s sen t i a l  p a r t  o f  t h e  develop- 

ment of a l l  f u tu re  academic programs. 

I In  t h e  following sect ions  t he re  a r e  given ou t l ines ,  by categories ,  of t h e  

I various types of engineering with which in te rac t ion  is  possible  i n  medical 

centers .  It should be emphasized t h a t  t he  subject  o f  the  present r epo r t  

I describes t he  impressions from v i s i t s  t o  hospi ta l  and teaching centers  i n  

a l imi ted  geogmphical region. The pos s ib i l i t y  f o r  engineers t o  en t e r  

I medically- related f i e l d s  v i a  "non-medical" i n s t i t u t i o n s  is  ce r t a in ly  not t o  

I be ignored. The l a t t e r  group of engineers w i l l  f ind employment with nanu- 

f ac tu re r s  o f  medical equipment and with i n s t i t u t i o n s  which supply services  I 
t o  t h e  medical centers .  In  point  of f a c t ,  i t  is probable t h a t  more engineers 

w i l l  be employed by the  l a t t e r  kinds of i n s t i t u t i ons  than t r i l l  be  employed i n  

8 t h e  hosp i t a l  centers themselves. Further,  the  order of the  categories i n  t h i s  

r e p o r t - i s  not meant t o  represent t he  order of importance of t h e  engineering 

. a c t i v i t y  i n  the  hospi ta l .  It is  meant simply t o  provide a s t ruc tu re  f o r  the  

discussion.  

I 
It is important t d  emphasize t h a t  t h e  opinions expressed by thk author -in  

t h i s  repor t  a r e  based on h i s  v i s i t s  t o  the  nine hosp i ta l  cen te rs ,  as mentioned, c 

I and t h a t  these opinions and impressions may o r  may not coincide with t h e  data 

col lected by governmental coinmittees a t  the  s t a t e  o r  federa l  l eve l s ,  o r  with 

I the' many repor t s  describing how engineering has been successful  i n  supporting 

I 
health-science a c t i v i t i e s .  The present docwnent describes only t he  author 's  

impressions and presents recommendations, based on these kpress ionS t o  t he  College - - -  
I '  of Engineering and t o  t h e  Health Sciences Center, and w i l l  hopefully a s s i s t  

i n  the  design of a cur r icu la  f o r  bioengineering programs. 

I LIBRARY 
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CATEGORIES OF EMGINEERING ACTIVITY I N  MEDICAL CENTERS 

The l is t  of ca tegor ies  which fol lows does no t  in tend  t o  desc r ibe  t h e  

s t r u c t u r e  of  departments b u t  simply i n d i c a t e s  an arrangment of  engineering 

a c t i v i t i e s .  I n  each of t h e s e  ca tegor ies  t h e r e  w i l l ,  of course ,  be i n t e r-  

a c t i o n  not  only by engineers from c a t e g o r y ' t o  category bu t  by engineers with 

t h e  nonengineering personnel  i n  medical departments. I t  i s  probable 

t h a t  t h e  engineers i n  ca tegor ies  4,  5 ,  6 would be  those  who a r e  genera l ly  

involved with a s s i s t i n g  t h e  physic ians  with t h e  d i r e c t  p a t i e n t  care and those  
-. 

engineers i n  category 7 would be involved poss ib ly  wi th  me'dical-science personnel 

(i .e.,  personnel  with t h e  MD and/or Phd i n  medical ly- related a reas  such a s  

physiology, anatomy, e t c . )  , and, i n  genera l ,  would be  those engineers who 

would become p a r t  o f  a resea rch  team not  n e c e s s a r i l y  involved i n  d i r e c t  

p a t i e n t  ca re .  The first t h r e e  ca tegor ies  a r e  comprised' of engineers who a r e  

, concerned with t h e  cons t ruct ion ,  maintehance and opera t ion  o f  the hospi- 

t a l  r a t h e r  than having an involvement with t h e  medical s e r v i c e s  d i r e c t l y .  I n  

I t h e  p resen t  s e c t i o n  of t h i s  r e p o r t  t h e  ca tegor ies  a r e  merely l i s t e d  f6r 

i d e n t i f i c a t i o n  and the  succeeding s e c t i o n  w i l l  g ive  t h e  d e t a i l e d  desc r ip t ions  - 

of t h e  ca tegor ies .  That - s e c t i o n  w i l l  a l s o  provide information regarding 

I t h e  d i scuss ions ,  of  t h e s e  va r ious  c a t e g o r i e s ,  held wi th  t h e  personnel  i n  t h e  

medical c e n t e r s  v i s i t e d .  Included i n  t h e  l a t e r  s e c t i o n s  of t h i s  r e p o r t  a r e  

I recommendations by t h e  au thor ,  based on h i s  impressions a s  rece ived from these  
' 

d i scuss ions ,  concerning t h e  engineering add i t ions  which should be made t o  t h e  

8 staffs a l ready genera l ly  p resen t  i n  medical h o s p i t a l s  and/or t h e  t r a i n i n g  of 

f u t u r e  bioengineers.  

'1.. Construct ion and Design of Medical Sui ld ings :  

I This a c t i v i t y  is  concerned p r imar i ly  wi th  c i v i l  engineers ,  s t r u c t u r a l  

I 
engineers ,  and systems engineers ;  and secondar i ly ,  with e l e c t r i c a l '  engineers 



I and mechanical engineers.  The l a t t e r  two types  of engineers a r e  involved 

with t h e  design of e l e c t r i c a l  power d i s t r i b u t i o n  throughout t h e  bu i ld ings ,  

I t h e  generat ion of power, hea t ing  and air  condit ioning.  

I 
11. P l a n t  Maintenance : 

The category includes c i v i l  engineers involved with t h e  r e h a b i l i t a t i o n-  

1 const ruct ion of medical bui ld ings  and t h e  l i a i s o n .  with personnel from t h e  

o f f i c e s  of a r c h i t e c t s  and s t r u c t u r a l  engineers a s  contrac ted  f o r  t h e  design 

and t h e  const ruct ion of h o s p i t a l s .  This a c t i v i t y  a l s o  ' includes t h e  e l e c t r i c a l  

engineers who would be responsible  f o r  maintenance of  electr ic- power genera- 

t i o n  and d i s t r i b u t i o n  f a c i l i t i e s ,  as we l l  a s  f o r  modifying e x i s t i n g  e l e c t r i c a l  

i n s t a l l a t i o n s  i n  t h e  h o s p i t a l  and i n  o the r  medical bu i ld ings .  Also included 

a r e  mechanical engineers who g ive  a t t e n t i o n  t o  such mat ters  a s  t h e  heating 

p l a n t  and a l s o  a s s i s t i n g  with power genera t ion and with air condit ioning.  

The l a t t e r  might we l l  r e q u i r e  s e r v i c e s  of a s p e c i a l i s t ,  
- 

( i . e . ,  a n  air- 

condi t ioning s p e c i a l i s t  who would b e  t r a i n e d  s p e c i f i c a l l y  f o r  t h e  s p e b i a l  

I problems which a i r  condit ioning i n  h o s p i t a l s  encounter).  . 
111. Hospi ta l  Administration: 

. The requirements associa ted  with t h i s  category include i n d u s t r i a l  r 

I engineers ,  engineering economists, engineering planners and computer engineers.  I 
Further ,  t h e  se rv ices  of computer s p e c i a l i s t s  such a s  programmers, mathemati- 

I cians  and o t h e r  personnel t r a i n e d  i n  t h e  use  of  computer equipment, w i l l  
, ~ 

necessa r i ly  be encountered. Systems engineers w i l l  a l s o  provide a l a r g e  

segment of t h e  t a l e n t  needed i n  t h i s  a c t i v i t y .  

I V .  Instrume3tat ion and Communication: 

. -. 
This category involves p r imar i ly  t h e  e l e c t r o n i c s  engineers,  with t h a t  

- group comprising ins t rurrenta t ion s p e c i a l i s t s  and communication s p e c i a l i s t s .  

I The l a t t e r  engineers are concerned with r a d i o ,  t e l e v i s i o n ,  and t h e  i n t e r-  



I communications systems wi th in  t h e  h o s p i t a l  s t r u c t u r e s  as w e l l  a s  tele- I 

comxunications f a c i l i t i e s  frcm h o s p i t a l  t o  h o s p i t a l ,  and from h o s p i t a l  to 
i 
i 

mobile u n i t s  such as ambulances. 

I 
V. P r o s t h e t i c s  : 

The p o u p  includes e l e c t r i c a l  eng ineers , . e l ec t ron ic  engineers,  mechanical 

engineers and n a t e r i a l s  engineers.  These personnel  w i l l  i n t e r e s t  s t rongly  

with those  described i n  ca tegor ies  4 and 6 .  

V I .  Physiological  Systems: 

This category is comprised of personnel  concerned with t h e  modelling 

and t h e  ana lys i s  of complex physiological  systems. Personnel from t h e  

engineering p a r t  of  t h e  team w i l l  b e  e l e c t r i c a l  engineers ,  mechanical 

engineers ,  chemical engineers and, poss ib ly ,  some mate r i a l s  engineers. 

I V I I .  General Research and Teaching: 

I This category involves all. phases of  engineering and w i l l  vary from 

research team t o  research team. The teams w i l l  nuc lea te ,  not  necessar i ly  

by t h e  type  of degree held  by theepersonnel ,  but w i l l  be motivated by t h e  



DETAILED DESCRIPTION OF ENGINEERING ACTIVITY I N  MEDICAL CENTERS 

In t h e  fol lowing paragraphs each of  t h e  engineering c a t e g o r i e s ,  as 

1 described i n  t h e  previous s e c t i o n ,  a r e  d iscussed i n  d e t a i l .  The impressions 

I rece ived by t h e  au thor ,  concerning t h e  kinds of  engineering and t h e  e@ineerin@; 

t r a i n i n g  which h o s p i t a l  personnel  have ind ica ted  a s  d e s i r a b l e  from t h e i r  

I viewpoint,  a r e  ou t l ined .  The r e s u l t s  of  t h e  d i scuss ion  a r e  then brought 

f o r t h ,  l a t e r  i n  the  r e p o r t ,  with genera l  recommendations f o r  t h e  des ign o f  

I c u r r i c u l a  f o r  a genera l  category o f  b ioengineer ing .  I n  every case,during 

I t h e s e  d i scuss ions , the  h o s p i t a l  personnel  were asked t o  g i v e  some sugges t ions  1 
3s t o  how, from t h e i r  own experiences , they  would recommend t h a t  engineers be 

I t r a i n e d  f o r  implementation of t h e  va r ious  ca tegor ies .  The respondents  were 

informed t h a t  t h e  author was e n t i r e l y  w i l l i n g  t o  accept  answers which ranged 

I from "no changes should be  implemented i n  t h e  engineering programs, i . e .  t h e  

I presen t  manner i n  which engineers a r e  produced is s u f f i c i e n t  f.or t h e  purposes 

o f  t h e  medical centers t1 ,  t o  t h e  o t h e r  extreme i n d i c a t i n g  " toss  our  everything 

I t h a t  i s  p resen t ly  being f o r  t h e  education of  engineers and inven t  a whole new 
I 

method of engineering t r a i n i n g  s p e c i f i c a l l y  designed f o r  t h e  medica l ly- re la ted  

I professions" .  Obviously, it was t o  be  expected t h a t  t h e  answers would f a l l  

I somewhere between t h e s e  two extremes. The a c t u a l  opinions given d i d  vary from 

i n s t i t u t i o n  t o  i n s t i t u t i o n .  tiowever, t h e r e  were c e r t a i n  c o n s i s t e n c i e s ,  i n  

I t h e  opinions ,  t o  which t h e  au thor  b r ings  a t t e n t i o n  i n  the  p resen t  r e p o r t .  

l Once aga in ,  it is t o  be  emphasized t h a t  t h e  r e p o r t  r ep resen t s  a r e a c t i o n  

. t o  t h e  way i n  which t h e  personnel  i n  medical c e n t e r s  p r e s e n t l y  envis ion  

I engineers and is meant t o  s e r v e  as one i n p u t ,  along with many i n p u t s  and 

- r e p o r t s  by o t h e r  i n d i v i d u a l s ,  who have undertaken the  c o l l e c t i o n  of  d a t a  

I - .  involving engineering a c t i v i t y  and engineering t r a i n i n g  f o r  t h e  medically-  

I r e l a t e d  f i e l d s .  The ca tegor ies  l i s t e d  below a r e  s i m i l a r  t o ,  and a r e  i n  



I correspondence wi th ,  those  l i s t e d  i n  t h e  previous s e c t i o n .  

I. Construct ion and Design c f  tIedica1 Buildings: 

I The discuss ions  which are placed i n t o  t h i s  category genera l ly  centered 

I on interviews with t h e  h o s p i t a l s '  admin i s t r a t ive  personnel ,  whoever, i n  many 

cases ,  personnel  who have t h e  medical degree and have worked i n i t i a l l y  i n  

I ; 

medical departments, b u t  who have l e f t  t h e s e  a c t i v i t i e s  t o  assume supervisory 

r o l e s  i n  admin i s t r a t ive  o f f i c e s .  I t  was genera l ly  f e l t  t h a t  t h e  p resen t  

I schemes by which c i v i l  engineers and s t r u c t u r a l  engineers a r e  t r a i n e d  are 
-. 

I c e r t a i n l y  adequate f o r  t h e  purposes of t h e  a c t u a l  cons t ruct ion  of a h o s p i t a l  

o r  o t h e r  medical bu i ld ing ,  bu t  what s'eemed t o  b e  lacking i n  the  academic 

I procedure was t h e  in fus ion  of  an  understanding on t h e  p a r t  of t h e  personnel  I 
f r o m  t h e  engineering ranks, a s  t o  t h e  wzy i n  which t h e  s p e c i a l  organiza t ion  of 

a h o s p i t a l  needed t o  be included i n  t h e i r  designs f o r  such bu i ld ings .  That is ,  

I ' it was evident  t h a t  some l ack  was e x i s t e n t  i n  corrmunications between t h e  

personnel  i n  t h e  medical c e n t e r s  and those  i n  t h e  o f f i c e  of  t h e  a r c h i t e c t .  

I The l a c k  'of understanding between t h e  two was e s p e c i a l l y  p reva len t ,  f o r  

I 
example, i n  desc r ib ing  o r  i n  coming t o  sone conclusion a s  t o  t h e  b e s t  way of 

a ~ r a n g i n g  space i n  a h o s p i t a l .  There was a l s o  expressed t h e  opinion t h a t  i n  

I many cases t h e  o f f i c e  of t h e  a r c h i t e c t  does no t  have, a s  p a r t  of  t h e i r  t e a n ,  
C 

people s u f f i c i e n t l y  versed i n  c e r t a i n  areas of s p e c i a l i t y  t o  produce an 

I e f f i c i e n t  design. For ins tance ,  t h e r e  does not  seem t o  be  a understanding on 

I 
the p a r t  of -some personnel  i n  t h e  o f f i c e  of  t h e  a r c h i t e c t  as t o  t h e  bas ics  of 

designing i n s t a l l a t i o n s  involving some of t h e  more recently- acquired equipment 

such as computers and some o f  t h e  e l e c t r o n i c  equipment. It was genera l ly  f e l t ,  

.however, t h a t  t h e  engineers who are t o  be t r a ined  f o r  t h i s  category do no t  

a c t u a l l y  r e q u i r e  s p e c i a l i z e d  t r a i n i n g  i n  medical ly- related f i e l d s  (such as 

I biology,  organic chemistry,  physiology, e t c . )  b u t ,  t h a t  they should r e c e i v e  



. . d b a s i c  t r a i n i n g  i n  t h e  p r i n c i p l e s  o f  c i v i l  and s t r u c t u r a l  eng inee r in i ;  

:: - - i r i c a l  engineering and/or of  mechanical engineering a s  they apply t o  

a1 cons t ruc t ion ,  I t  was genera l ly  f e l t  t h a t  perhaps a n  i n t e r n s h i p ,  

. ';;.- >5y some personnel from t h e  a r c h i t e c t u a l  eng inee r ' s  o f f i c e  would spend 

-' 
r l  :In a h o s p i t a l  center  i n t e r a c t i n g  with h o s p i t a l  personnel  and with the  

1 -:- - .a1 procedure, is a valuable  experience t h a t  would permit engineers t o  

. {  some understanding of t h e  viewpoint of  t h e  rcedical people and of t h e  

: ; , i , - :ure i n  which hea l th  d e l i v e r y  s e r v i c e s  a r e  arranged' throughout  a h o s p i t a l .  -. 

'; ~ t h o r  a l s o  rece ived a very '  d e f i n i t e  impression,  from t h e  comments made 

- .  5 rnedical and the  admin i s t r a t ive  personnel  i n  t h e  h o s p i t a l  c e n t c r s ,  t h a t  

.eem t o  f e e l  a lack  o f  a n a l y t i c a l  a b i l i t y  on t h e  p a r t  of  many of  t h e  

.::-uction engineers whom they had encountered during i n t e r a c t i o n s  with t h e  

va.l.-ol~s o f f i c e s  o f  the  a r c h i t e c t s .  I t  is  t h e  p resen t  au thor ' s  opinion t h a t  

I +hi? l a c k  o f  an a n a l y t i c a l  approach i n  t h e  work is somewhat c h a r a c t e r i s t i c  o f  

many ,>resent-day c i v i l  and s t r u c t u r a l  engineers.  During t h e  p a s t  20 years  t h e  

I g la rour  of such f i e l d s  a s  e l e c t r o n i c s  and aerospace engineering (whose sub jec t  

matter  was t augh t  i n  terms of  a h i g h l ~ ~ a n a l y t i c a l  approach) toge the r  with t h e  

( l a rge  popular i ty  of such f i e l d s  a s  physics ,  chemistry and mathematics, a t t r a c t e d  

B away from t h e  c i v i l  engineering and cons t ruc t ion  engineering f i e l d s  those  

s tuden t s  wi th  p roc l iv i -t i e s  o f  an  a n a l y t i c a l  na tu re .  A s  a consequence, the  

I c i v i l  and/or s t r u c t u r a l  engineers who have been graduated-for.  t h e  pas t  two o r  

t h r e c  decades probably were no t  engineers who f e l t  t h e  necess i ty  f o r  deve'loping 

t h e i r  a n a l y t i c a l  f a c u l t i e s .  One Kay ques t ion  whether t h e  s t r u c t u r a l  design 

of a h o s p i t a l  bui ld ing requ i res  a s  high a l e v e l  o f  m a t h m a t i c a l  a n a l y s i s  as ,  say ,  

.an z i r c r a f t  design; however, when one needs t o  inc lude  i n  the  p lan  no t  only t h e  

anh.'_ysis of s t r e s s e s  i n  t h e  i n d i v i d u a l  s t r u c t u a l  members i f  t h e  bu i ld ing  a s  we l l  

6.n he o v e r a l l  a r c h i t e c t u r a l  ( a s t h e t i c )  design bu t  a l s o  needs t o  inc lude  a high 



degree of eff ic iency f o r  t h e  u t i l i z a t i o n  of space (which w i l l  involve 

s t a t i s t i c a l  analysis ,  systems analysis ,  e t c  .) then it is  evident t h a t  t h e  lack 

I of a b i l i t y  of t he  design personnel t o  perform i n  these subject  a reas  i s  

s ign i f i can t ly  f e l t  by those who must i n t e r ac t  with them. I 11. Plant Maintenance: 

Although it is generally t o l d  a s  an apocryphal t a l e  it i s  perhaps very 

- t r ue ,  t h a t  when one asks f o r  t he  engineering s t a f f  i n  most hosp i ta l s ,  the  hosp i ta l  

s t a f f  tend t o  give the  d i rec t ions  t o  t he  maintenance department i n  t h e  i n s t i -  
- - 

I tu t ion .  That i s ,  t h e  general concept of what an engineer does r e l a t e s  t o  t h a t  

which i s  performed i n  t he  "maintenance division". It is only i n  the  more 

advanced hospi ta l s ,  and i n  t he  recent  thinking i n  hospi ta ls ,  t h a t  medical 

personnel and other non-engineering hospi ta l  personnel have begun t o  recognize 

I t h a t  engineers perform i n  a c t i v i t i e s  other than maintenance. I n  speaking t o  

I maintenance personnel it was found t h a t ,  f o r  t h e  most par t ,  these  were con- 

pr ised of c i v i l  engineers who a r e  associated with t h e r e h a b i l i t a t i o n  of con- 

s t ruc t ion  within t h e  medical buildings; t h a t  i s ,  where modiI'ications t o  

exis t ing buildings a r e  t o  be  made. They a l so  per fom a l i a i s o n  service  with 

1 -  t h e  o f f i c e  of the  a r ch i t ec t  f o r  t he  construction of new medical buildings.  

I The plant-maintenance departments a l s o  house engineers vho a r e  responsible 

f o r  t h e  generation and the  d i s t r ibu t ion  of e l e c t r i c  power. The i n s t a l l a t i o n  

I and maintenance of iatercomnunication equipment (intercoms, rad io  closed- 

I 
c i r c u i t  TV, e tc .  ) i s  usual ly  under t he  ju r i sd ic t ion ,  at present, of mainten- 

. ance personnel. The same holds t r u e  i n  t h e  case of t he  mechanical engineers 

4 who are generally concerned with providing the  heating f o r  t h e  hospi ta l  

- .buildings,  who in t e r ac t  with the e l e c t r i c a l  engineers i n  t he  genration of 

I' - .  power, -and a r e  also concerned i n  general, with t h e  machinery which helps 

I operation the  i n s t i t u t i on .  There i s  a spec ia l i ty ,  within t h e  purview of mechan- 
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i c a l  engineer ing ,  which is  e s p e c i a l l y  important t o  h o s p i t a l s ;  and t h a t  has  

t o  do with a i r  condit ioning.  I t  i s  an impcrtant  and a r a t h e r  l a r g e  problem I 
i n  h o s p i t a l s  t h a t  t h e  a i r  condi t ioning be designed i n  a  s p e c i a l  way. One of 

t h e  c o n s i s t e n t  pro!,lens mentioned i n  the  Ciscussions r e l a t e d  t o  t h e  f a c t  t h a t  

- t h e  a i r  condit ioning,  f o r  example, between t h e  opera t ing  roams n e e d e d t o  b e  designed I .  
s o  t h a t  t h e  equipment no t  only  provided t a p e r a t u r e  and hum d i t y  con t ro l ,  b u t  

t h a t  t h e  a d d i t i o n a l  design s p e c i f i c a t i o n ,  regarding t h e  spread of microbiot ic  . 
i n f e c t i o n  from one room t o  another  needed t o  be  included.  Thus, t h e  a i r -  

condi t ioning engineer  r e spons ib le  f o r  t h e  3esign a n d -i n s t a l l a t i o x  o f  such 

equipment i n  t h e  h o s p i t a l  environment would need t o  have some background i n  

t h e  b i o l o g i c a l  sc iences  as w e l l  as i n  t h e  conventional  engineering sub jec t  

mat ter  ( t h e r e  apparent ly  has been very l i t t l e  a t t e n t i o n  given t o  t h e  . 

s o l u t i o n  of t h i s  problem of a i r- cond i t ion ing  f o r  h o s p i t a l s  and at  t h e  p resen t  

time it c o n s t i t u t e s  a  s e r i o u s  problem, e s p e c i a l l y  i n  the  opera t ing  room wings 

o f  n a y  o f  t h e  h o s p i t a l s ) .  Here aga in ,  it was f e l t  t h a t  th-ere need be no 

extens ive  modificat ion o f  t h e  way i n  which t h e  engineers  i n  t h i s  category were 

t r a i n e d ,  and t h e r e  was a r e p e a t  o f  t h e  opinion t h a t  it is  p e r h a ~ s  b e s t  i f  

engineers ,  who intended t o  work i n  h o s p i t a l  c e n t e r s ,  were t o  r ece ive  a s  p a r t  

o f - t h e i r  t r a i n i n g  some i n t e r n s h i p  per iod  providing an a c t u a l  experience 

I within  the  h o s p i t a l  environment. The maintenance departments do f e e l  a  d i r e  C 

need f o r  the  up-dating and t h e  up-grading o f  t h e  background of t h e i r  p e r s o n n e l .  

I J 

a s  w e l l  a s  f o r  t h e  add i t ion  of more engineering s p e c i a l i s t s  (with academic 

degree)  t o  t h e  e x i s t i n g  s t a f f .  

I11 Hosp i t a l  Administration: 

I ..- This category w i l l ,  f o r  t h e  ~ ~ s t  p a r t ,  be s t a f f e d  by the  i n d u s t r i a l  

engineers ,  engineering economists and those  engineering personnel  involved 

I with long and shor t - ranse  planning i n  t h e  sense  o f  opera t ions  research .  The 

i , s e r i o u s  need i n  p resen t  planning is assoc ia ted ,  e s s e n t i a l l y ,  with t h e  d e v e l o p ~ e n t  
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1 '  of a long-range planning s taff ,  That is, a staff which can at tcmpt t o  make 

I precEctions,  which w i l l  be  v a l i d  over long periods of t ime,  as t o  t h e  medical 

needs of  t h e  surrounding community s o  t h a t  h o s p i t a l  planning can be performed 

I s o  as t o  r e s u l t  i n  a system which can s a t i s f y  those  requirements a s  w e l l  a s ,  

I 
f o r  example, t h e  requirements imposed by t h e  extreme budgetary s i t u a t i o n  

. which p resen t ly  faces  most health- delivery cen te r s .  These c o n s t r a i n t s  r equ i re  

I a more educated way o f  planning t h e  f i n s n c i a l  operat ion of  such i n s t i t u t i o n s  
I 

than has  usua l ly  been t h e  case ;  it i s  of  g r e a t  necess i ty  t h a t  systems 

1 a n a l y s t s ,  be added t o  t h e  s t a f f s ,  who have t h e  c a p a b i l i t y  of  const ruct ing 

I adequate rr,odcls which include t h e  f i n a n c i a l  s t r u c t u r e  a s  we l l  a s  t h e  physical.  

s t r u c t u r e  ( i . e .  arrangements of  space ,  e t c . )  of  t h e  medical cen te r .  

Although computer engineers and s p e c i a l i s t s  might no t  seem t o  f i t  i n  a 

category e n t i t l e d  Hospi ta l  Administration they are being included i n  t h i s  

category because of t h e  manner i n  rqhich many such engineers w i l l  i n t e r a c t  

I - with t h e  h o s p i t a l  s t a f f .  By f a r  t h e  l a r g e s t  por t ion  of  t he  computer a c t i v i-  

t i e s  w i l l ,  a t  l e a s t  f o r  t h e  near  f u t u r e ,  probably have t o  do with h o s p i t a l  

I records (medical and f i n a n c i a l ) ,  budgetary in fo rna t ion ,  coordination of 

I 
s e r v i c e s ,  e t c . ,  which i n  most h o s p i t a l s  is generz l ly  under t h e  aeg i s  o f  t h e  

adminis t ra t ive  o f f i c e s  r a t h e r  thzn under t h e  d i r e c t  supervis ion o f  t h e  

medical departments. However, t h i s  does n o t  preclude t h e  f a c t  t h a t  much of 

the  computer a c t i v i t y  w i l l  be d i r e c t l y  se rv ic ing  t h e  medical departments and 

t h e  work of  t h e  medical personnel.  There can be no doubt t h a t  the  staff of  

1 
computer s p e c i a l i s t s  w i l l  inc lude more them computer engineers who w i l l  be 

respcns i b l e  f o r  t h e  purchase , i n s  t a l l a t  ion ,  maintecance and genera l  operat ion 

of computer f a c i l i t i e s .  The s t a f f  of  t h e  computer f a c i l i t i e s  w i l l  obviously I ..- 
r e q u i r e  t h e  se rv ices  of ~oft--ware s p s c i a l i s t s  such as programmers, mathe- 

rnaticians and l i n g u i s t s .  In  t h e  e e d i c a l  departments themselves t h e r e  e x i s t  

and/or w i l l  develop rap id ly  medical teens ,  who a r e  e i t h e r  of thenselves 



I medical-engineering s p e c i a l i s t s  o r  w i l l  be comprised of engineers and 

nedical-science s p e c i a l i s t s ,  and -KILO v i l l  provide t h e  medical backup required  

1 a t  the  input  end d f  t h e  computer (i . e . ,  .insure t h a t  da ta  gatherad'  via 

I patlent-monitoring w i l l  b e  handled s o  t h a t  t h e  inpu t  t o  t h e  machine w i l l  

b e  done i n  t h e  most v a l i d  and t h e  most e f f i c i e n t  nanner) .  It can b e  foreseen 

I '. t h a t ,  as t h e  u t i l i z a t i o n  of  t h e  ins t rumenta t ion and the  computation equipment 

becomss more co;nmon,.the i n t e r a c t i o n  between t h e  engineering s p e c i a l i s t  and 

t h e  medical s p e c i a l i s t  w i l l  develop s o  t h a t  eventual ly  t h e  medical s p e c i a l i s t s  
-. 

w i l l  themselves become adept i n  t h e  opera t ion of  t h e  equipment. This w i l l  

f r e e  more engineering time f o r  t h e  "higher" t e c h n i c a l  t a s k s .  

A very cons i s  t e n t  complaint,  given by many physicians ,' was concerned 

I with t h e  flow 2nd the  r e t r i v a l  of admin i s t ra t ive  and OF r e d i c a l  d a t a  i n  t h e  

h o s ? i t a l  sys tea .  Kedical personnel  s t a t e d  t h a t  although t h e  great amom& of 

I data  concerning, f o r  ins tance ,  a pat ient 's  mcdical s t a t u s  tiere being continu- 

ously generated,  it was extremely d i f f i c u l t  t o  r e t r i e v e ,  a t  random, a s p e c i f i c  

piece of infomat ion i n  a mode understandable t o  medical personnel  m k i n g  t h e  

! reques t .  This  exemplies another immediate demand f o r  engineering t a l e n t  i n  

medical centers .  That L s ,  i n  t h e  a r e a  of t h e  organizat ion of h o s p i t a l  

I a c t i v i t i e s  f r o n  t h e  viewpoint o f  d a t a  processing and information systems ; 

t h i s  a p p l i e s  not only f o r  t h e  i n t e r n a l  organizat ion o f  t h e  i n d i v i d u a l  cen te r  

! but f o r  t h e  design o f  t h e  interc.ct ing network l i n k i n g  t h e  a c t i v i t i e s  o f  many 

h o s p i t a l  u n i t s .    his' system a l s o  includes  l i n k s  with mobile u n i t s  ( i  .e. 

ambulances , o r  nobi le  hea l th  c a r e  u n i t s  ) and, i n  t i m e ,  wi th  out- pat ients  who 

are being observed by on-linrj rronitoring equipment located  i n  t h e i r  own hcmes. 

I ' 
- 1 Instrumentat ion and Communication : 

The engineering personnel  i n  t h i s  category w i l l  be ,  predominantly, 

I .e lectronic- instrumentat ion s p e c i a l i s t s  although t h e r e  w i l l  e x i s t  requirements 



f o r  ins t rumenta t ion  s p e c i a l i s t s  whose a r e a s  o f  e x p e r t i s e  may be  i n  mechanical 

engineering, in chemical engineer ing  o r  i n  m a t e r i a l s  engineering.  The catsgory - 

I a l s o  inc ludes  t h e  com;1unications-engineering personnel  conce~nec? with the  r a d i o  

communication and c losed- c i rcu i t  TV communication wi th in  t h e  h o s p i t a l ,  a s  w e l l  

as wi th  telecominunication systems between t h e  h o s p i t a l  cen te r  and mobile u n i t s  

I such a s  t h e  ambulances o r  between one medical i n s t i t u t i o n  and a ~ o t h e r .  The 

l a t t e r  may poss ib ly  involve both telecommunication and cable-cox:unication 

f equipment. Cer ta in ly  , t h e  intercom s y s  tems and communication s y s  tems s e r ~ r i n g  
-. 

a s  warning and s i g n a l l i n g  systems and conveying information o t h e r  than medical 

d a t a  may a l s o  be l i s t e d  i n  t h i s  category.  However, it is most l i k e l y  t h a t  t h e  

ins t runen ta t ion  s p e c i a l i s t  and t h e  co~~-iiunication s p e c i a l i s t  ( t h a t  is ,  t h e  

communications engineer  who does n o t  d i r e c t l y  a i d  t h e  'physician i n  p a t i e n t  

care  ) will probably funct ion  from d i f f e r e n t  adininis tra.tive u n i t s .  

One o f  t h e  most immediate t echno log ica l  problems faced by the  ~ e d i c a l  

c e n t e r  stems from t h e  i n a b i l i t y  t o  adequately cope with t h e  l a r g e  amount of 

e l e c t r o n i c  ins t rumentz t ion  a l ready housed i n  t h e  f a c i l i t i e s .  The present-day 

l i t e r a t u r e  is r e p l e t e  with accounts o f  how e l e c t r o n i c  equipment , r i l l  soon 

comprise a major por t ion  o f  t h e  medical t o o l s  used by p r a c t i t i o n e r s .  These 

accounts seem t o  p r e d i c t  occurrences which are i n  t h e  f u t u r e  ve in .  However, 

it is a f a c t  t h a t ,  i n  a geograchica l  a r e a  such a s  t h e  Northeas t e r n  U. S. , 

probably every h o s p i t a l  inc lud ing  ~ o s t  small ones a l r eady  have i n s t a l l e d  

In tens ive  Care Units (ICU) and Coronsry Care Units (CCU) as w e l l  as a mult i-  

tude  of  o t h e r  e l e c t r o n i c  equipment; some on a mobile b a s i s  which can be  rushed 

throughout P a r t s  of t h e  h o s p i t a l .  The t y p i c a l  personnel  who a r e  u t i l i z i n g  t h i s  

, . .equipment f o r  p a t i e n t  monitoring have,  a t  b e s t ,  an average- to-poor background 

- ' i n  s o  f a r  as t h e  technology o f  t h e  equipment is concerned. A t  b e s t  they  simply 

use t h e  equipment t o  monitor a d i s p l a y ,  i n  t h e  sense o f  a warning s i g n a l  if 



I 

B t h e  v i t a l  functions of t h e  p a t i e n t  being monitored f a l l  outside some estab- 1 

l i shed  boundary l i m i t s .  These kinds of problems may, t o  SOTP extent ,  be 

I solved by providing intensive sho r t  courses i n  t h e  operation of t he  electron-  

ics equipment f o r  the  medical personnel responsible f o r  i ts  use. The r e a l  

problem, however, sterns fro% the lack of personnel responsible f o r  the 

maintenance, i n s t a l l a t i o n  and sa f e ty  hazards which a re  associated with a l l  

types of e l e c t r i c a l  equipnent. In  most of t he  hosp i ta l s  v i s i t e d ,  the usual  

numbers of such personnel were perhaps one engineer and one technician who 

were-in chmge of  t he  maintenance of much of  the  e lec t ron ic  equipment i n  t h e  

facility. Obviously, s i nce  t he  number of e lec t ron ic  un i t s  i n  the  I C U  and 

I CCU uni t s  i n  the  t y p i c a l  hosp i t a l  was qu i te  high the  technician or  the 

engineer i n  charge of t h e  maintenance was ab l e ,  a t  b e s t ,  t o  simgly "hold the  I 
I l i n e t r ; ' t h a t  i s ,  keep t h a t  equi~inent o ~ e r a t i n g  which was s u f f i c i e n t  t o  take 

care  of emergency pro3lems. In most cases the  ex is t ing  s i t u a t i o n  consists  of 

a huge backlog of inoperative equipment which is  pushed i n t o  a holding area  

I (perhaps only a fuse had blown) because the  technicians invclved i n  mainten- I 
ance a r e  t oo  busy keeping ahead of t he  emergency se rv ices .  Additional 

problens a r i s e  f r c ~  the  f a c t  t h a t  t he  hosp i t a l  s t a f f s  usually do not include 

personnel who have a com~rehension, i n  depth, o f  the  mskeup of t he  e lectronics  

devices and equipment. Thus , t h e  i e d i c a l  personnel, as wel l  as the hosp i ta l  
C 

administrators,  depend almost e n t i r e l y  on the  s a l e s  representat ives  from t h e  

maneac ture r  for an estimate of t h e  spec i f ica t ions  f o r  t h e  equipment. A - 

recent  article, i n  one of t h e  engineering t r ade  journals,  which involved 

interviews with several  people a t  two o r  t h r ee  of t h e  l a rge  midtown hosp i ta l s  

asaailed the  f a c t  t h a t  much of t h e  e q u i p e n t  (up t o  8 0 j  a t  some of t he  i n s t i t u t i ons  ) . - -  

I being received does not  s a t i s f y  t h e  spec i f ica t ions  claimed by the  manufacturer 

and i n  m a n y  cases t h e  hazards and safety aspects  of t h e  equipment have not 

been given adequate a t t en t ion .  It is apparently, a l s o  a common prac t ice  t h a t  



I 
i n  many cases salesmen contact  individual physicians i n  the  hosp i ta l  and con- I I 

vince these individuals t h a t  they requi re  ce r t a in  kinds of equipment and 

t h a t  t he  model being represented i s  t h e  one bes t  purchased. The hospi ta l  then 

purchases the  equipment because of a physician's request  and i n  many cases t h e  

proverbial  "white-elephant" s i t ua t ion  does a r i s e .  The hospi ta l  s t a f f s  desparately 

I need personnel who a r e  very f a n i l i a r  with e lectronic  equipment, especially 

1 instrumentation,and who a r e  ab le  t o  describe specif icat ions  f o r  the  equipment 

i 
and t o  request  from the manufacturer spec i f ic  t e s t  procedures t o  insure t h a t  

I 

I t h e  specif icat ions  requested, and/or s t a t ed  by the  manufacturer a r e ,  i n  fac t ,  

met. The staff a l so  requi re  personnel whose dut ies  would include t h e  responsi- 

I b i l i t y  f o r  t h e  acceptance of incoming electronics  equipment ( i  . e., fo r  ca l ib ra t ion  

I and f o r  t e s t i n g )  and a policy could be  s e t  up whereby the  medical center w i l l  

not sign f o r  t he  rece ip t  of any equipent which has not passed through i t s  own 

I . in-house t e s t i n g  procedures ( t h i s  procedure i s  s imilar  t o  that, f o r  instance, 

already i n  force  i n  t he  College of Engineering a t  Stony   rook). Further,  t h e  
* 

maintenance personnel force,  such a s  e lec t ron ic  technicians with an engineering 

I .  supervisor, needs t o  be expanded so t h a t  t h e  total it;^ of t he  electronics equip- 

=' ment i n  an i n s t i t u t i o n  can be  maintained a t  a reasonably l eve l  of performance. 

.I Here again, t h e  need i s  g rea t  and i s  inr.ediate i n  t h a t  it cannot be  c l a s s i f i ed  - 

I 
as something t o  b e  f i l e d  away for  t he  fu ture .  The problem i n  t h i s  context is  

a l s o  l inked t o  severe budgetary r e s t r i c t i o n s  which makes it very d i f f i c u l t  

B f o r  bidget planner& i n  view-of t h e  more conventional medical needs of - 

pa t i en t s  (i. e., hospi ta l  beds, medical s t a f f ,  e tc .  ) , t o  j u s t i fy  using 

I portions of t h e  budget t o  add t o  t h e  s t a f f  personnel such a s  t h e  e lectronics  

I - 
- technicians  and biomedical engineers and/or engineering spec i a l i s t s  f o r  t he  

instrumentation. 

I - An instrumentation facul ty  was v i s i t e d  which, because of its 



. . 

very advanced nature and mode of operation, deserves spec ia l  mention; and 

t h a t  i s  the  Department of Medical Instrumentation which was conceived, in- 

I s t i t u t e d  and developed t o  i t s  present l e v e l  of a c t i v i t y  by D r .  Seymor Ben-Zvi 

a t  t h e  Downstate Medical school (SUTU'Y) . I n  t h a t  i s n t i t u t i o n  D r .  Ben Zvi 's 

I group cons t i tu tes  a f u l l  department i n  t h e  hosp i ta l  services.  The group is 

I s t a f f ed  by approximately 35 people, f i v e  of whom a r e  engineers, some 20 

technicians and perhaps 10 others  who a r e  administrative and sec re t a r i a l  s t a f f .  

I The department houses not only an electronics-equipment maintenance and r epa i r  -. 

shop, bu t  a l s o  a ful l- scale  machine shop. The f a c i l i t y  a l s o  performs the  

I function of ac t ing  as l i a i s o n  between the  hosp i ta l  and t h e  equipment manufacturers 

D not only f o r  medical instrumentation but f o r  any equipment which i s  an electronic  

o r  e l e c t r i c a l  nature and from which hazards might appear. For instance, 

B t h e  group w a s ,  a t  the  time of t he  v i s i t , i n  session with representatives from 

1 
t he  manufacturer of micro~~ave  ovens. The ovens were under consideration f o r  

t he  hosp i ta l  kitchens but  D r .  Ben Zvi l s  group was charged with check& spec i f i -  

1 cations and the  t e s t i ng  procedures as  s t a t ed  by the manufacturer; the  hosp i ta l  

administration requested h i s  approval before purchases,of t h e  equipment were 

I < 

made. I n  addi t ion t o  t h i s  s o r t  of function,  t he  department provides t he  

I 
f a c i l i t y  f o r  general maintenance of e lec t ron ic  instrumentation and fo r  t h e  

modification and, perhaps, f o r  t h e  designs of new kinds of instrumentation 

I (i .e. performs a backup function f o r  medical research which might require 

spec ia l  equipment t o  be constructed on s i t e ) .  

I . . 
I n  addit ion,  t h e  operating room wing a t  the  Doxmstate Medical Hospital 

is arranged so t h a t  a h o s t  a l l  e lectronic  monitoring equipment i n  the  operating 

rooms feeds t he  data t o  a separate space (within t h e  OR wing) where the computer 

/ - ah& other  data-reduction ana processing equipment i s  housed. The required outputs 

a r e  then channeled back t o  t h e  operating rooms and displayed f o r  t h e  surgeons 

I 



u and the  other members of t h e  medical s t a f f .  It was explained t h a t  t h e  con- 

cept of having the sensing equ ipen t  i n  t h e  operating room, with the  data 

reduction being performed i n  a d i f fe rent  space (thus having created the  

necessity of sending the reciuced data back t o  the  operating room) was based 

I on t h e  f a c t  it i s  very upsetting t o  pat ients  , i f  some piece of the  equipment 

i .- 
needs a t ten t ion  from the  technicians, t o  observe apparent equipment f a i lu res  

taking place, even though these f a i lu res  may not be of an emergency nature. 

I The operating-room wing a t  t h e  Downstate Medical Hospital i s  immediately 

I adjacent t o  t h e  electronics r epa i r  f a c i l i t y  and the  other f a c i l i t i e s  of t h e  

Department of Medical I n s t m e n t a t i o n .  Two electronic  technicians a r e  kept 

I. on c a l l  ( i n  scrub s u i t s )  outside the  doors of t h e  wing, and i n  t h e  event t h a t  

an equipment f a i l u r e  does take place they can immediately move in to  the OR area - 

I t o  e f f ec t  the necessary repa i rs .  In  spec ia l  kinds of operations, f o r  instance 

I - 
where open-heart surgery i s  involved, t h e  electronics technicians a r e  placed 

d i rec t ly  i n  t h e  operating room as par t  of t h e  OR team. That i s ,  they remain 

i n  the  opkrating room continuously monitoring the  equipment a s  t:, i ts 'proper  

functioning and calibration. Theref ore,  the medical-instrumentation f a c i l i t y  

at t h e  Do~mstate Medical Hospitzl seems t o  be one tha t  is very well  thought 

out and i s  i n  f u l l  operation and represents a model of i ts  kind f o r  medical 
C 

ins t i tu t ions .  

I A similar  problem, i n  a d i f fe rent  context, ex i s t s  f o r  t h e  case of the  

communication probelm i n  medical centers.  This involves not only intercoms and 

! signaling systems, but more especially the  infomation-comunication aspect in- 

I volving t h e  collection of data, i ts  application t o  t h e  input of the  computer systems, 

- date, reduction, the- t ransaiss ion of the  information t o  various par t s  of t h e  hospi tal  

I systeii and f i n a l l y  the  u l t i n a t e  r e t r i v a l  of t h i s  information. The aforementioned 

! 
complaints, regarding t h e  flow of information throught t h e  hospi tal ,  here again seems 

t o  point out t h e  immediate need for personnel who a r e  able t o  design from the  



I informat ion-syst em viewpoint, and f o r  computer spec i a l i s t s  (including both t h e  hardware 

I 
engineers and t h e  software s p e c i a l i s t s ) .  These a r e  required t o  help medical cen te rs .  

set up and operate an e f f i c i en t  communication system (It has been s ta ted - 

I t h a t  the  physicians,who were visi ted,  were very consis tent  i n  t h e i r  complaints 

t h a t ,  while there  is  a volminous amount of data being measured on t h e  pat ients ,  

once the  data ge t s  i n t o  t he  computer system it i s  extremely d i f f i c u l t  f o r  t h e  

physician t o  r e t r i e v e  a spec i f ic  piece of data i n  a language t h a t  he can 

under% tand ) . 

I When one considers t h e  present development of  t he  equipment which is  I 
under discussion, and when one considers fur ther  t h e  number of personnel who 

will be  required for t h e  whole of t he  information-system portion of the  hospi ta l  

I a c t i v i t y ,  it becomes obvious t h a t  it i s  unl ikely t h a t  hosp i ta l s ,  which a re  

smaller than fu l l- sca le  medical centers ,  w i l l  have within the  capabi l i ty  of 

I t h e i r  budgets t h e  a b i l i t y  t o  purchase such f a c i l i t i e s .  I n  a l l  l ikelihood, 

it will make b e t t e r  sense, f o r  t h e  future, t h a t  the  vas t  computer f a c i l i t y ,  data 

1 m 

reduction and e lec t ron ic  instrumentation and the  attending personnel be, f o r  

I the most pa r t ,  centered i n  t h e  l a r g e  health-sciences center , in  some par t icu la r  

geographical location,and t h a t  computer terminals with some rela t ively,  small 

1 number of operating/maintenance personnel be located a t  t he  various smaller 

hosp i ta l s  i n  t h e  v i c in i ty .  The system w i l l  make available, t o  the  smaller 

I hospi ta l s  such items a s  research infornation,  on- line consultation with a 

I renowned medical s p e c i a l i s t  and the  a b i l i t y  t o  request loans of spec ia l  but 

expensive e lectronics  instrumentation. I n  regions where t he re  ex i s t  l a rge  I 
- 

1. concentrations of hosp i t a l  centers,  a separately-housed center  f o r  medical 
I .  

instrumentation and engineering consultation,  spec i f ica l ly  designed t o  service 

the medical centers would seem t o  make sense. .That i s ,  the  modification, design, 



1 ca l ibra t ion  and specif icat ion of ins t ruaentat ion a s  well  a s  short-course in- 

s t ruc t ion  could be attended t o  by a f a c i l i t y  housed i n  a research center which 

I i s  located i n  some area convenient t o  a l l  medical centers i n  t h e  par t icu la r  

I locat ion.  The center may be a b i n i s t e r e d  by the Engineering u n i t  a t  a nearby 

univers i ty  center,  or  possibly by a separate commission s e t  up by the  hospi ta ls  

I i n  conjunction with the  l o c a l  government. Of course, t he  small a s  well  a s  

t h e  l a r g e  hospi ta ls  could a v a i l  themselves of t he  kind of services t h a t  such 

a f a c i l i t y  could perform. A s  an example, the  network of hosp i ta l s  on Long 
-- I 

I Island 
tl 

consist ing of Nassau ~ e d i c a l  Center, Queens Medical Center, L I  Jewish 

14edical Center, North Shore Hospital and our own medical center a t  Stony Brook 

E. - ce r t a in ly  could p r o f i t  from some centrally- located technical  f a c i l i t y  of t h e  

u type mentioned above. There i s  no reason why such a center could not a l so  be 

involved in  an ongoing academic program, say i n  bioengineering, so  t h a t  personnel 

I from t h e  academic s t a f f  a s  wel l  a s  t he  graduate s tudents ,  alid possibly t h e  

.undergraduate students,  could in t e r ac t  with the  personnel who primary function 

I i s  essen t ia l ly  t o  service  t he  hosp i ta l s .  In  t h i s  manner it may be possible t o  

provide the service  s t a f f  with backup from t h e  academics and t o  make it possible 

for t h e  acadazic groups t o  gain t h e  c l i n i c a l  experience which i s  necessary f o r  

I t he  education of bioengineers , t h a t  i s ,  those engineers who w i l l  special ize  i n  

medically- related aspects  of t he  profession. ' 

V. Prosthet ics :  

The concern with prosthet ic  devices, from t h e  engineering viewpoint, wiU 

. most l i k e l y  b e  centered within the  e f f o r t s  by e l e c t r i c a l  and electronic  

engineers, mechanical engineers and mater ia ls  engineers. These personnel. 

. - w i l l  assist with t h e  design, aevelopment and maintenance of p ros the t ic  devices 

1 - *  of- a l l  v a r i e t i e s .  They w i l l  a l so  provide a s t a f f  which could be employed 

I f o r  liaison between the medical center and the  manufacturers of  p ros the t ic  



I e q ~ p n e n t .  The development of most prosthet ic  devices requires the combined 

t a l en t s  of e l ec t r i ca l ,  mechanical and materials engineers working i n  very 

close conformity; in  many cases it w i l l  be an engineering rrith a t r u e  inter-  

I diszipl inary beckground (say, an electromechanical engineer) who w i l l  be 

most valuable i n  the design of such equipment. It may be agrued tha t  cer tain 

I prosthetic devices should be categorized a s  "~nstrumentation" rather  than 

under the  present category. I n  t h i s  report ,  however, the  former category i s  

reseryed f o r  tha t  equipment which i s  primarily electronic  (except f o r  the 

1 sensors) ; t h a t  is ,  the  equipment and f a c i l i t i e s  which w i l l  be the responsi- 

b i l i t y  of e lectronic  and computer spec ia l i s t s .  The prosthet ic  equipment, 

as referre.d t o  herein, consists of pacemakers, kidney d ia lys is  machines, 

1 a r t i f i c i a l  limbs, a r t i f i c i a l  ( in te rna l )  organs, and devices which a s s i s t  the  

aural and v isua l  senses. Thus, not only electronics i s  involved but ,  mechanics, 

f lu id  dynamics, hydraulics, and materials are  among the  other' engineerin as'pects. 

peztinent t o  the  subject area. 

Here q a i n ,  the R & D for  prosthet ic  devices may or  may not be 'implemented 

I within the medical center it s e l f .  Certainly, t h e  motivation (the patient! 

or i n i t i a t i o n  of the research exis t s  i n  t h e  hospi tal ;  it i s  a l s o  there  t h a t  I 
I the c l i n i c a l  evaluation of t h e  t e s t ing  and t h e  eventual use of the  f i n a l  I 

product w i l l  reside.  However, t h e  e a r l i e r  stages of design and development 

ma:r wel l  t ake  place a t  a cent ra l  f a c i l i t y  administratively, and perhaps geo- 

I g r ~ p h i c a l l y ,  removed from any one par t icu lar  hospital .  The center may, as 

i n  t h e  case of t h e  Instrumentation Center previously described, a c t  t o  service I 
a  hole network of ins t i tu t ions .  

- -  

I 
VI. ~ h y s i o l o ~ i c a i  Systems: 

The act i - r i ty  envisioned f o r  t h i s  category may bes t  be  described as the  

'rnc3eling and the analysis of complex physiological. systems, i n  terms of t h e  



. . 

language of systems and controz theory and design. The work w i l l  g e n e r d y  

be done a t  a research, or a t  l e a s t  a t  a research and development, leve l  and 

w i l l  probably employ engineers with a graduate degree; e i ther  the  M.S. o r  

I Ph.D. A s  the  f i e l d  develops it i s  probable tha t  t he  personnel who w i l l  be 

ac t ive  w i l l  include almost the  en t i r e  spectrum of engineering speci&lists ; 

( - t h a t  is ;e lectr ical ,  mechanical, c i v i l  and chemical engineers, and engineers 

who a r e  a 'hybrid of two or  more of these. The tasks w i l l  i n  most cases f i t  

i n  t h e  context of a par t icu lar  research project i n  the  hospi ta l  and it is 

d i f f i c u l t  *o predetermine a need f o r  such engineering personnel by attempting 

predictions based on t h e  a c t i v i t y  of any part icular  medical center or group of 

medical centers.  A t  present, t he  majority of the engineers who have c t e r e d  

t .  t h i s  a c t i v i t y  ( i  .e. hsve formed research te rns  with physicians and surgeons) 

are e l ec t r i ca l  engineers, especially with regard t o  the subject area of neuro- I 
physiology. In those proj ec ts  where body-fluid dynamics or blood-gas experi- I 
ments a r e  being implenented it is  generally chexical engineers and/or mechanical 

engineers who pre8ominate i n  the  engineering portion of the team. There w i l l  

need t o  be a close relat ionship between personnel who a r e  involved i n  the  

modeling of physiological systems, t he  electronic instrumentation spec ia l i s t s  

I and/or the  engineers involved i n  the  design of prosthet ic  devices. 

1 
I n  m a n y  instances, t he  ~ o s t  immediate contributions which the  systems 

engineers czn offer involve the  design of models which provide a basis  

I fo r  'quantifying the predictions r e l a t ive  t o  physiological processes. A s  an 

example, nedical pract i t ioners  may have been aware of the  indications resul t ing 

from the infusion cf some medication (say, a muscle relaxant) i n to  the  physio- . .. 
I logical sys tm.  However, the  prediction r e l a t i v e  t o  t h i s  was usually based on 

pr@pious experience as t o  what might occur, a f t e r  some given period of  time 9, 



following the  inject ion of some known quantity of the medication. The bio- 

medical systems engineers a re  now able  t o  model some of these complex systems 

so t h a t  the appropriate ana ly t ica l  expressions can be wri t ten and can provide 

a more percise prediction, f o r  a l l  periods of time, of the  e f fec ts  of having 

a cer ta in  c h a i c a l  enter the  blood stream o r  a cer ta in  drug used i n  t h e  neural 

or  the  muscular system of t h e  human physiology. This a c t i v i t y  has already 

been in i t ia ted ,  and has produced r e s u l t s ,  a t  some medical centers. 

VII. - General Research and Teaching: 

This category recognizes all phases of engineering and a l l  t he  various 

forms of research teams t h a t  might be coalesced fo r  specif ic  projects.  The 

members of such teams w i l l ,  i n  a l l  probabili ty,  be possessors of the  higher 

academic credentials,  usually a doctorate i n  engineering o r  i n  one of the 

health- related f i e lds .  I n  t h e  effor ts  cohcerned with the teaching of  c l i n i c a l  

subject matter the responsible personnel m a y  have a professional degree a s  

well. The engineers i n  t h i s  category w i l l  work i n  close proximity ta physi- 

I ologists ,  biologis ts  and medical s c i e n t i s t s  f o r  the  development of Fesearch 

and of curricula,  and i n  the  lec tur ing  f o r  t h e  medical centers. It is ex- 
. . 

ceedingly d i f f i c u l t  t o  make predictions concerning the engineering a c t i v i t y  i n  

I 
t h i s  par t icu lar  category since t h e  nucleation of these kinds of a c t i v i t i e s  w i l l  

no doubt take place v i a  some natural  proc l iv i ty  of the  personnel an t h e  s t a f f  

I of any part iculaz medical center. The nucleation w i l l  a l so  depend on t h e  

a b i l i t y  of engineers, already with these s t a f f s ,  t o  develop a l i a i son  and t o  

form research projects w i t h  the  medical personnel a s  a means of motivating 

1. the growth of new subject areas  which w i l l ,  i n  turn,  provide an addi t ional  
. - -  

en t req  f o r  the  engineeS i n  t h e  medically-related professions. 



E l ~ G I ? ~ I I f G  FOR HOSPITAL SY S m B  

I It is f a i r l y  obvious tha t  not every hospi tal  un i t  i n  a par t icular  geo- 

I graphical neighborhood v i l l  be able t o  devote resources to a l l  the f a c i l i t i e s  

described i n  t h e  previous sections. Those hospitals t h a t  w i l l  employ engineering 

( s t a f f s  i n  the administrative uni t s  and t h e  nedical instrumentation uni ts  

and also have research and teaching f a c i l i t i e s  w i l l ,  no doubt, be the large 

.. medical centers. The smaller ~zedica l  uni ts  i n  the  area w i l l  most l i k e l y  form 

I part of a large network with the medical center being the locus where most of 

the electronics , coaputer ~ a c h i n e r y  , consultants and possibly the overal l  

I adninis t rat ive direct ion of t h e  network w i l l  res ide.  However, by the appro- 

p r i a t e  design of the infornation system connecting the par t s  of the  network . 

( i .e . ,  on-line c o q u t e r  services and other means of communicatians w i l l  provide 

I the loca l  meighborhood hospi tals ,  o r  other par t s  of the  network, with a 

method f o r  the information t h a t  resides  i n  t h e  large medical center and a I 

method of implementing t h e  storage and r e t r i e v a l  of both business and medical 

informztiqa) it i s  possible t o  provide the  s m d l e r  uni t s  of the  network with * 

t h e  nec5cal knowledge, meUcal services , high-level consultantions , adminis- 

I t r a t i v e  service a d  t es t ing  services as they e x i s t  i n  the large center. There 

are dLso t o  be corisidered nobile un i t s  ; these may be ambulances f o r  emergency 

services,  or mobiLe uni ts  i n  the  neighborhoods performing such functions as  

I heal th screening, on-spot exrenat ions  , application of medication, dis t r ibut ion 

of veccines, e t c .  These uni t s  w i l l  need t o  be i n  constant connunication with 

I. and uncer the direct ion of a cent ra l  administration. Therefore, it is envisioned 

tha t the  future delivery of medical s e ~ r i c e s  i n  a geographical region will 

I probably be represented by a la rge  medical center with communication t i e s  t o  the  
. - -  

I varicus neighborhood hospitals and other medical. centers i n  the ne-by regions. 

The  eesign of these nedical  systems w i l l  require the  at tent ion of large 



I nunbers of engineers who have, as par t  of t h e i r  backgrounds, the  spec ia l i t i e s  

of the  infomation sciences, communication theory, systems theory and design, 

and also engineers who have the capabi l i ty  for  design of the  hardware. The 

work w i l l  coaprise not only theidesign of the  hospi ta l  system per se  but  

I thedesignofc~municstionsfacilities(inthesneseofe~uipment~,i.e., 

I t e leca~%unica t ion  and closed-circuit communication equipment, audio-visual 

equipment and interconnected educational systems throughout the en t i r e  

netwark (including the  aforementioned mobile uni t s  as well  as t h e  hospitals 

and ot<r medical buildings i n  the  d is t r ibut ion  of users ) . ' 

I 



GEXERAL RECOXT'DATIOXS FOR BIO-EIEDICAL 
EPIGIi~SE3IBG CLTRILXJLA 

I The discussions a t  the medical centers did'not dwell on the  

specif ics  of the  design of curr icula ,  but on the aspects of a general flavor- 

/ I i ng  f o r  such curricula f o r  the  var ie ty  of bioengineering career channels. 

- It was f e l t  t h a t ,  with regard t o  the engineers who would be engaged ~ S i t h  the  

- design and construction of buildings and with plant maintenance, there i s  no 

pressing need tha t  they be exposed t o  courses i n  t h e  biological  sciences. 

Rather, courses i n  hospi ta l  organization, pct ient  and medical psychology, 

I 1  and an i n t e k s h i p  spent i n  3s ' ac tual  medical f a c i l i t y  were considered of 

greater  i q o r t v l c e  i n  the  t ra in ing  of tha t  ~ a r t ~ c u l a r  category of personnel. 

I: There a re -spec ia l  cases, i.e., air-conditioning engineers, who may need t o  

have included i n  t h e i r  t ra in ing  some study of bio-chemistrj and of bacteri-  

I ology. The edccation of engineers who % r i l l  be essent ia l ly  i n  the t h i r d  

' I  category (of t he  previous sec t ion) ,  t h a t  i s ,  i n  hospi tal  administration, 

should have t h e i r  greatest  exposure t o  course work and t o  internships which 

fea ture  the adninis t r a t i v e  organization of hospitals . The ac t iv i ty  - i n  

I hospi tals  i s  beconing more and more intertwined trith t h a t  of the surrounding 

neighborhoods i n  which hospi tals  reside,  and there  w i l l  appear on the admin- 

I i s t r a t i v e  s t a f f s  personn5l who w i l l  in te rac t  Vith cornunity a f f a i r s  m d  have 
< 

I 
a r o l l  i n  bringing the comunity opinion i n t o  hospi tal  a c t i v i t i e s .  These 

inputs occlrr, most l i ke ly ,  when plans f o r  new h o s ~ i t a l  f a c i l i t i e s ,  or 

I moaf ica t ion  of existfng f a c i l i t i e s  a re  made. Such personnel w i l l  a l so  be 

involved with comunity a f f a i r s  and a l l  aspects of the  work wherein the  

I 
- 

comnunit;r f ee l s  i t s e l f  t o  be  affected and serviced by a par t icu lar  medical 
- - -  

I network. Here again, the  serving of an internship,  as part of the  Studentfs 

fornal a c s d d c  career ,  was considered by many of those with whom conversa- 

I t fons were held t o  be an extremely valuable method of orienting a par t icu lar  



I engineering student i n  t he  work of a hospi ta l  o r  medical center.  For the  

I 
case of t h e  i n s t rmen ta t ion  and the  co~mu1qication engineers, and for  those 

engineers involved with the  design of p ros the t ic  devices, the  opinion was 

I mixed as t o  whether the  present mode of educating electronics  or machanical 

engineers was su f f i c i en t  f o r  t he  need of nost medical centers or  whether 1 

I these  eng5neers needed more special ized t r a in ing  f o r  the  performance of dut ies  1 
i n  t h e i r  biomedical engineering careers.  One end of the  spectrum of opinion 

f e l t  t h a t ,  i f ,  as an example, e lec t roz ic  engineers were t o  be educated as at 
-- 

present then they could perform adequately t he  work i n  hosp i ta l  centers,  o r  

with manufactures of e lec t ron ic  instrumentatio3 and learn  the  s p e c i a l i t i e s ,  

i .e . aspects of instrumentation spec i f i c  t o  biomedical work, during t h e i r  

p rac t ice ,  r a the r  -than he exposed t o  the  subject  matter i n  formal courses. 

However, t h e r e  were a few opinions t h a t  <he curriculum changes needed t o  

1 l include some course work i n  bas ic  physiology, bas ic  biology, work i n  the  

1 animal laboratory and perhaps, some work i n  organic chemistry. It w a s  f e l t  

11 t h a t  i f  t h e  inst rw-entat ion s p e c i a l i s t  o r  t h e  communication s p e c i a l f i t ,  o r  

engineers responsible f o r  t h e  design of p ros the t ic  equ5pment, would have t o  

i n t e r a c t  with and a s s i s t  t h e  physician with the  delivery of heal th  services  
I 
1 I -1 at t h e  pa t ien ts  ' bedside, o r  work trith him i n  t h e  use of instrumentation f o r  

1 diagnostic procedures, then it behooves the  instrumentation s p e c i a l i s t  t o  

il . have some understanding of t h e  biology and/or t h e  physiology of the specimen 
1 

under t e s t  ( i .e. ,  a biological  specimen i n  t h e  laboratory o r  perhaps the  

p a t i e n t  himself)  . 
I 

I The design of e lec t ron ic  systems associated with communicatioas i n  the 

I 

I - - hospital (i .e., radio, t .v., telemetry,  telecommunication systems and in t e r-  

I 
Cora)  does not necessar i ly  need t o  be performed by engineers who e re  t ra ined  

I 

- with background i n  t h e  health sciences o r  l i f e  sciences. However it seems 



i I doubtful t h a t  hospitals w i l l  have resources f o r  duplicate s t a f f s ;  t ha t  is ,  

a f u l l  s t a f f  of electronics engineers who a re  essent ia l ly  biological-  

II physiological instrumentation spec ia l i s t s  and an additional s t a f f  of 

electron2 cs engineers who are spec ia l i s t s  i n  essent ial ly  non-medical 

e lectronicz.  However, there  might wel l  be one o r  two of each kind of engineer 
. . 

I I present i n  a par t icu lar  hospi ta l  center. It was f e l t  t ha t  i n  mvy places 

1 some of the aut ies  of these kinds of people had t o  overlap due t o  the  

I constraints imposed by hospi ta l  budgets. Here again most of t h e  opinions 
-. 

I s ta ted  were tha t  an internship of some s o r t ,  se'rved by enzineers i n  

t r a in ing ,  w a s  of great importance .' It was a l so  mentioned t h a t  it would be 

I I very d i f f i c u l t  for  the  personnel i n  the  heal th  sciences t o  f e e l  t ha t  a bio- 

medical engineer had received a credi table  education unless t h a t  education 

I involved some experience with the animal laboratory. 

. I It was generally f e l t  t h a t  it would be profi table  fo r  the  bio~oedical 

. engineer t o  serve h i s  internship e i the r  during h i s  undergraduate years or 

I perhaps as a post-graduate a c t i v i t y  i n  s hospi ta l  center. This intern- 

ship could be one i n  which t h e  engineer becomes involved with the  hospi tal  

I < 

' simply t o  learn the  way i n  which hospi tals  a re  organized, o r  it could be an 

I internship served on a technical  project  within a f i e l d  of spec ia l i ty ,  i . e . ,  

by working with the hospi ta l  team i n  the  ins t a l l a t ion  and the  operation of 

I electronics instrumentation o r  with a nuclear-medical-group worlring with 

x-ray machines and ass i s t ing  with the  development of the x-ray technology 

1 . exis t ing  i n  the  hospital .  m e  last two categories outlined i n  the previous. 

I sect ion of t h i s  report  were those e n t i t l e d  Physiological Systems and General 

, ,- Research and Teaching. I n  these a c t i v i t i e s  t h e  involvement i s  usually a t  the I 
I Ph.D.- level ;  a l t h o ~ g h  M.S. students o r  MIS. projects m a y  a lso  f i t  i n t o  these I 
I 

. categories. Probably, the  kinds of curr icula  developed f o r  these categories 



I will depend primarily on the  in t e res t s  of the  facul ty a t  a par t icu lar  

medical/eng5neering school complex; these would i n  turn,  deternine the kinds 

I of projects which w i l l  occupy t h a t  faculty and the  associated research teams. 

I It would be d i f f i c u l t ,  a t  present,  t o  attempt t o  formulate a firm l ist  

of couzses tha t  w i l l  be needed t o  implement the various bioengineering 

I ;  programs. It can be predicted, however, t ha t  some future l i s 5  w i l l  include 

cou-ses 'that w i l l  be taught e i the r  i n  the  Health Sciences Center or i n  the  

College of Engineering; i n  some cases the  courses w i l l  no doubt be co- listed 
-. 

and co-administered by the  G o  schools with the facul ty interchanging from 

e i t h e r  direction. A description of an assumed curriculmc may envision 

I course sequences, selected from both the College of Engineering-and the 

Health Sciences Center, which would service the undergraduate and the l4.S . 
program. The same course sequences can be used i n  conjunction with other 

courses, f o r  greater  depth, and with a wider select ion of courses i n  both 
- 

axeas ( i  .e. l i f e  sciences and engineering), t o  provide the  acaCemic format 

f o r  the Ph.D. However, the laboratory work and the project work w i l l  i n  all 

I 
probabi l i ty  be the  most s i w i f i c a n t  contributor t o  the  t ra in ing  f o r  the Ph.D. 

* There is  no attempt, i n  the  present report ,  t o  produce an outl ine for  a 

R se r i e s  of courses t h a t  might be used t o  construct ~ p e c i f i c  curricula and o r  
C 

a t rack  f o r  bioengineering studies a t  t h i s  xniversity.  The purpose of the  

study and of the  present report  was simply, as s t a t ed  e a r l i e r ,  t o  gather a 

I background of opinions from medical people a d  t o  present t h i s  data  as  an 

addi t ional  input t o  be  included with the  several  studies performed by various 

I i n s t i t u t e s ,  engineering groups and the Acadenies, as t o  how bioengineering 

' ' ' c=ricula should'be implemented. As  was previously brought out the  remarks 

I i n  t h i s  report  represent the  comments and opinions as received i n  those - 

I hospi tals  t h a t  were v is i ted ,  and t o  tha t  extent the select ion represents a 



I cross-section o f ,  a t  l e a s t  how the l i f e  s c i e n t i s t  envisions the  task  f o r  

I engineering i n  the  delivery of heal th  services.  This report  should be of some 

value t o  those who must now develop, using the resources of the engineering and 

I t h e  heal th  schools, a curriculum, or  s e t s  of curr icula ,  which w i l l  represent 

I 
- programs i n  the  biomedical engineering f i e lds .  

I would Illake the  personal observation tha t  t he  present course offerings 

at  Stony Brook already permit the s t ruc ture  fo r  M.S. programs i n  ~ioengineer-  

ing, and  therefore t h i s  degree program w i l l  be t h e  eas ies t  t o  implement a t  

8 present.  Such degree programs can be offered almost immediately, provided 

I t h a t  depaztments a re  wil l ing t o  re lax  any str ingent  academic requirements 

which they may have f o r  graduate degrees, i , e .  departments must be wil l ing 1 
i t o  forego t h e  requirement f o r  the  minimum number of courses which students 

nust take i n  the  department, and must be prepared t o  waive, o r  t o  accept 

subs t i tu tes  fo r ,  cer ta in  portions of qualifi ing examinations, i f  those 

portions represent a burden on a student who wishes ti work i n  a f i e l d  which 

is perhaps peripheral t o  the  core mater ial  of a par t icu lar  departme&. 

Arrangements as t o  sa t i s f ac t ion  of the requirements f o r  any par t icu lar  I 
degree would have t o  be p a r t  of t h e  discussion regarding the  design of 

future academic programs. However, with the present course s t ruc ture  and 

I t h e  present departmental requirements, a graduate student working f o r  h i s  

M.S.'in bioengineering should not encounter too  great a d i f f i cu l ty  provided - 

- the department concerned provides an adequate advisory service t o  those 
. I 

I 
students.  The f a c t  t h a t  a t  Stony Brook the  facul ty i n  the  Engineering 

College ana i n  t h e  Meaical School have already collaborated, i n  an informal I - - -  
I ' vay, on jo in t  projects  indicates  tha t  there  a r e  r ea l ly  no s ignif icant  bound- I 

aries preventing the  kinds of N.S. projects  t h a t  lend themselves t o  bio- 

engineering t raining.  I 



I I n  several. of t h e  hospi tals  v i s i t ed  informal questions were asked con- 

cerning t h e  ~ o s s i b i l i t y  of having students r eg i s t e r  i n  courses, designed 

specif ical ly  as internships which could be served i n  the  nearby hospi tal  centers 

with perhaps a academic advisor a t  the  Stony Brook campus and a co-advisor 

at t h e  ~ e d i c a l  i n s t i tu t ion .  The ideas seems t o  have been favorably received 

I and it was f e l t  by many of the people on the medical s t a f f s  tha t  there would, 

1 
i n  f a c t , ' b e  an advantage i n  establishing an interact ion of t h i s  type. The 

students could serve t h e i r  internship e i the r  from the  viewpoint of learning 

hospi ta l  organization (as already p;entioned) o r  perhaps may work on projects 

i n  a more formal sense where they a r e  actual ly  ass i s t ing  some of the medical 

peo?le kith the technological problems involved with electronics instruments I 
design, x-ray technology, e tc .  i n  the hospi ta l  center. This work could a l so  

se r re  a s  a p a r t i d  fulf i l lment  of the  requirements f o r  the degree, e i the r  
. . 

I i n  the sense of course requirements, o r  i n  the  case where t h e  work is of t h e  

,,,' apgropriate nature f o r  a formal thes is .  

I 
I 
I i 

I 



PROGNOSIS 

It seems c lear  t h a t ,  based on the discussions, the 2ersonnel i n  medical 

1 ' 1 centers recognize a need f o r  designing curricula s o  as t o  include Bioengineering 
. . 

1 i n  the  curr icula  of engineering schools. In  terms of career opportunities t h e  

I most immediately viable grograms would seen t o  be those a t  the  bachelor's 

degree and a t  the  M.S. degree level .  This.does not preclude the  need for  Ph.D. 

work, but it i s  l ike ly  t h a t  medical centers w i l l  be very select ive about 

I adding the l a t t e r  personnel t o  t h e i r  s t a f f s  and thus,  fo r  the immediate future,  

the  productivity of Ph.D. recipients  i n  the  bioengineering f i e l d  should not 

I 1 
proceed immediately z t  a very high level .  I n  point of fac t  even the ~ o s t  I 

I optimistic projections being mstde seem t o  indicate t h a t  the need for  bio- 

engineering Ph .D. 's w i l l  never be so  large as t o  warrant having every engin- 

I, eering school (vhich so  des i res )  produce grad-cates i n  t h i s  f i e ld .  It i s  

more reasonable tha t  sone few schools, which have the departments of engineer- 

ing  and of health sciences i n  proximity, be those tha t  a re  fnvolved i n  such 

I programs; those engineering schools md nedical schools t h a t  lack the nearby 
- 

counterpart would probably do well  nnt t o  develop such f i e l d s  of study i n  the  I 
formal sense. It a lso  seems unwise, a t  l e a s t  fo r  the  inmediate future,  t o  

. . I 
I 

begin a development of bioengineering program i n  terms of a completely 

separate departnental s t ruc ture  ; t h a t  is  , separate facul ty,  an administrative C 

I uni t ,  auxi l iary personnel, allocations cf laboratory space and coney, and the  . 

other peripherals t h a t  go with deprtmental  s t ructures .  The comments received I 
I a t  t he  medical schools - i is i ted indicate  tha t  it prcbably would be best t o  . 

I 
develop a bioengineering program t h a t  is imbedded i n  exis t ing administrative 

uni t s  with the  ident i f ica t ion  based on contributions t o  the  prosran by members 
.* - - 

I of t h e  facul ty rvld with some of the  facul ty chosen f o r  t h e i r  reputations i n  

. the  f i e l d ,  o r  wil l ing t o  es tab l i sh  such reputations by a corrslltment t o  nucleate 

\ 



I I academic courses , programs , research and other  a c t i v i t y  i n  biomedical engineer- 

ing. The discussions i n  t he  previous sect ion has indicated t h a t  there  is a 

I l a rge  portion of the  t o t a l  engineering scec t~um i n  whir33 t h e  t r a in ing  of t h e  

I biomedical engineer ( i  .e, , using t h e  term i n  the broadest sense s o  t o  include 

I 
I all engineers involved with some aspect of t h e  del ivery of heal th  services)  ' I will require perhaps a few courses and an internship involving topics such 

I as hosp i ta l  organization, ra ther  than s tud ies  i n  t h e  l i f e  sciences per s e .  On I the other hand there  a r e  types of biomedical engineers, especial ly  those t ra ined  
I 

f o r  rgsearch o r ,  perhaps, f o r  instrumentation,  whose t r a in ing  w i l l  require a 

I 
I n&er of courses, not only of t h e  type involving hospi ta l  organization and 

I in ternships  but cowses i n  t he  l i f e  sciences such as s tudies  i n  t h e  biology 
l 

end t he  physiology of c l i n i c a l  measurements, the  psychology of pa t ien ts  under 

I measurement and the sociological  aspects oE the  problen of t e s t i n g  pa t ien ts ,  

as  we l l  as the  basi'c techno log^. of the  instrumentation. Certainly,  those 

biomedical engineers who w i l l  b e  employed i n  the  research and the  teaching I 
I posi t ions  w i l l  need t r a in ing ,  i n  depth, i n  some of t h e  hea l th  sciences t o ,  I 
8 

perhaps, t h e  same extent they receive t r a in ing  i n  t h e  engineering sciences. 

It i s  probable t h a t  it t r i l l  be somewhat ea s i e r  t o  implement the M.S. I 
program a t  Stony Brook, i n  the immediate fu tu re ,  than e i t h e r  the  other two 

degree programs ( i  .e. B. Eng. and Fh .D. ) simply because, with t he  advent of a 

I graduate prograin i n  t he  School of Basic Iiealt3 Sciences there  w i l l  e x i s t ,  

I 
m o n g  the courses offered i n  t h a t  school, i n  t h e  de~x..?tmen:s of b i o l o a ,  

c h e ~ i s t r y ,  physics and i n  En3ineering a suf f ic ien t  number t o  adequately 

I support an M.S. program. The question of developing a su i t ab l e  t hes i s  p ro jec t ,  

or  an in ternship project  f o r  t h e  M.S. degree would not represent  a problem 1 
I ' 

- - .  
since even a t  present there  have been completed, on t h i s  campus, M.S. projects  

I and undergraduate pro jec t s  ~ h i c h ,  because of t he re  subject  matter,  would 



I certainly f i t  i n  the  category of biomedical engineering. During the discuss- 

ions with personnel a t  the medical centers it was suggested tha t  student 

I i projects fo r  undergraduate, M.S. and Ph.D. studies could be performed by having 

I 
students pursug the work e i ther  on campus or  ,at the medical centers where 

there could be assigned a co-responsibi1ity"for the  supervision, i . e . ,  an 

I I academic advisor located on campus and a designated co-advisor a t  one of the  

I medical centers.  The l a t t e r  could keep a.n account of the student 's  work at  

the center and the two might serve as the  members of the  student 's  advisory' -- 

I 
committee' and thes i s  committee, along with others. From the  viewpoint of the  

desist1 of c i r r i cu la ,  it i s  probable tha t  the  Ph.D. program w i l l  be developed 

. . rather  ea i ly .  As  i n  the case of most Ph.D. programs, Thesis projects .  

and COurse Programs usually nucleate because several facul ty (who 

agree t o  m e e  such commitments) and students (who show in te res t  i n  the f i e ld )  

.vigorously organized a project o r  se r i e s  of 'projects which i n  turn 
- - - - . - 

develop, i f  a t  a l l  viable ,  i n t o  a full- fledged program. However, the concept 

of a structured program i s  not as pertinent fo r  the  Ph.D., since the. way i n  

which the doctoral student i s  expected t o  get  h i s  information does not 

I I 

.necessarily depend on a great sequence of courses, but ra ther  he i s  expected, 

with h i s  facul ty advisor, t o  se l ec t  courses as needed t o  support the  work of 

his  research area. It i s  t o  be expected t h a t  the general type of thes is  tha t  

might> be produced i n  a bioengineering program w i l l  probably have some 

associated experimental work i n  order t o  maintain the s t a tus  of 

of value t o  the  medical s c i e n t i s t ,  who must, ult imately,  be t h e  one convinced 

I of t h e  importance of the  r e su l t s .  The M.S. program may perhaps contain more 
- - - s t ruc tu r ing ,  than -in  the case of the  Ph.D. program, since there i s  probably I 
I - '  

a-greater concern regarding sa t i s fac t ion  of departmental course requirements 

I 
for  t h e  M.S. degree than f o r  the  Ph.D. degree. However, the s i tua t ion  at 



. . 
present, i n  most of the  departnents, s e a s  t o  indicate  tha t  these requirements 

are minimal and tha t  the  constraint  on t h e  student, i n  select ing courses, i s  

I . . 
perhaps t o  the  extent of one o r  two courses. These are usually specified i n  I I 

i 

I order t o  provide t h e  student with suff ic ient  background t o  pass an examination, I 

:require fo r  the  degree, Even so, it msj- be possible t o  convince departments , 

I I having the  constraints ,  t h a t  t he  requirement for  the  14s be made more select ive,  

i n  t h e  sense tha t  the student be given a choice amond pa r t s  of the examination, 

I where one of the  par t s  might be spec i f ica l ly  designed f o r  the  student majoring -- I 
I I Pn bioengineering subject area.  

I 
- 

I n  t h e  case of undergraduete prograns there i s  probably a greater need 

f o r  a s t r o w e r  s t ructur ing i n  the  design of the  curriculum. There seems t o  

I 
be t h e  fashion today, even a t  t h e  undergraduate l eve l ,  f o r  students t o  in- I I 
sist t h a t  they require  a grea t  f l e x i b i l i t y  i n  the  choice of courses f o r  satis- I 

I 

faction of degree requirements. In  s p i t e  of t h i s  claim it is a f a c t  that  many 
- .  - - - - 

undergraduate students s t i l l  f ind  themselves unconf or table  (even with an 

I e f f i c i en t  and an avai lable  advising program) when they a r e  placed i n  a non- 

I 
structured academic program, It st i l l  seems advisable ' to design undergraduate . 

programs, including the  bioengineering programs, s o  tha t  f l e x i b i l i t i e s  a r e  

I maintained f o r  those students who do work well  i n  a non-structured situation* a d  who 

are able  t o  see t h e i r  way c lear ly ,  and a r e  able  t o  m e e  a selection of COurses 

with advice on t h e  par t  of the  faculty. A t  the same time there should be visable 

I i n  t h e  prograus .certain t r a c t s ,  so  those students who work be t t e r  i n  the  

structured s i tua t ion  can ident i fy  the  kind o f  course sequences t h a t  a r e  best  

I su i ted  f o r  t h e i r  purposes. Here again, i n  order t o  maintain some credib i l i ty  

' ' i n  t h e  program it 'does seem advisable t o  include a s  par t  of t h e  undergraduate 

I program some project work and/or an internship which involve t h e  actual  ex- 

I . 
perience gained i n  t h e  animal laboratory and the nedical center. It may happen 



I t ha t  the design of the  curriculum may not necessarily require the  development 

of very many new courses, but merely t h e  addition 0 f . a  few new courses t o  those 

I presently offered by t h e  various aepartments of engineering and of the l i f e  

I 
sciences. Tnus, facul ty advisors mzy f ind it possible, by taking selections 

. . 
from presently - offered courses and from the  new additions t o  construct a 

I I program which, together with a .sui table  project  and a project  advisor, 

I w i l l  r e s u l t  i n  a '  reasonable program leading t o  the  appropriate undergraduate I ( degree. 
-. 

I 
The present undergraduate engineering program certainly has i n  i ts  content 

a l a rge  number of open technical e lect ives  as well  a s  non-technical e lect ives ,  

I I- which would permit the  student t o  se l ec t  a suf f ic ien t  number of courses for  t h e  

I sa t i s fac t ion  of a program which i s  designed f o r  special izat ion i n  bioengineering. 

t I; It might a l s o  be useful t o  note t h a t  t he  select ion of courses i n  such a s i tua t ion  

might sa t i s fy  two purposes achieving t h e  B.  Ehg. degree i n  bioengineering 

and/or s a t i s w i n g  pre-medical school requirements. A par t icu lar  student 

I might wish t o  use the undergraduate engineering progrm as t h e  means-for a 

premedical education and the  two objectives can b e  combined, i . e . ,  the  under- 

' I  graduate program fo r  t h a t  student m a y  be designed i n  a manner by which he 

I simult~?neously s a t i s f i e s  t h e  pre-medical requirments  and a lso  has gained an 

undergraduate degree wfiich i s  a su i tab le  credent ial  fo r  work i n  the  bioengineering 

I f i e ld .  As an example, the  Department of Elec t r ica l  Sciences may advise a - 

student t o  develop his 'bioengineering program by the  use of present under- 

I graduate elect ives  (which give a su f f i c i en t  choice i n  t h e  f i e l d s  of electronics,  

I general instrumentation, control system, elementary communications, d i g i t a l  

- . c i r cu i t s  and data-processing) and the inclusion i n  h i s  e lec t ives ,  of new spec i f ica l ly  

I designed courses such as biomedical-engineering control and conmunications I 
systems, biomedical instrumentation, advanced biomedical instrumentation and I 



I and biological  systems modeling. This se lc t ion  can be incorporated w i t h  courses 

given i n  the  departments of biology, of physiology, of chemistry, as well  as 

I I with courses i n  the  other engineering departments. The de ta i l s  of the  program, 

in terms of ac tua l  course descriptions, sy l lab i  and course s t ructures ,  need 

I to be worked out by the  administrative uni t s  and t h e  joint committees among 

1 1 .  the engineering departments and t h e  departments i n  the  l i f e  sciences. 

A s  mentioned i n  the  beginning of t h i s  report ,  t he  present study reports 

I on the  conversations held a t  nearby medical centers and does not include, except .- 

I 
- indirect ly,  the  indus t r ia l  aspects of biomedical engineering. The nuniber of 

biomedical engineering graduates who eventually f ind  careers i n  the  medical 

I centers w i l l  probably be a number much s m a l l e r  than those who f ind t h e i r  

careers i n  indus t r i a l  centers which a re  involved with biomedical engineering 

a -  I products; t h a t  i s ,  those industr ies  which design, fabricate  and supply equip- 

I 1  
ment t o  the medical centers. These products include electronic instrumentation,. 

prosthetic devices and e l e c t r i c a l  and mechanical equipment f o r  the  hospi tal  

B plant.  However, many of the  comments i n  t h e  present report apply eqtlally well, 

i n  t h e  opinion of the author, t o  those engineers who w i l l  eventually f ind  t h e i r  

I careers i n  indus t r ia l  i n s t i tu t ions  ra ther  than i n  medical centers. That i s ,  

I 'the t ra in ing  which makes  an engineer suitable,  for example, aa an instrumentation 

expert f o r  a medical center w i l l  make him just  as sui table  as an i n s t r ~ e n t  

I designer for an i cdus t r i a l  ac t iv i ty .  Those students who can decide, beforehand, 

which of t h e  two options they wish t o  se l ec t  f o r  t h e i r  fu ture  careers, may flavor 

I (by choice of elect ives)  t h e i r  undergraduate programs so the re  is some recog- 

I nit ion that one par t icu lar  program re f l ec t s  a greater  in t e res t  i n  indus t r ia l  

- -work whereas some a t h e r  student who might choose h i s  courses i n  a manner which 

I 
. . 

direc ts  him toward work i n  a medical center. That is, the  former student 

I 
might se lec t  h i s  elect ives so that they a r e  heavier i n  the  hard-.core engineering 



I curricula whereas the  l a t t e r  student might select  his courses more heavily 

fram the l i f e  sciences. 

I The one point tha t  cannot be s tated often enough, nor s ta ted  strongly 

I enough, i s  the  enormous advantage which the  present s i tuat ion a t  the  Stow 

Brook campus lends t o  t h e  development of the bioengineering programs. It 

4 .. would appear tha t  a t  cany engineering schools, the d i f f icul ty  i n  establishing 

viable bioengineering programs stems from t h e  condition tha t  although the  

I schools claim t o  have work i n  the  bioengineering f i e l d  they a r e  ei ther  not 
-. . 

I associated with a medicdl. school, o r  the medical school of tha t  particular 

university i s  located so d is tant  *om the  engineering school as  t o  preclude 

I having the  interaction between the  two schools be a natural,  and one which 

maintains the  enthusiasm of the  .faculty and the  students. A consistent re- 

mark heard from medical personnel i s  tha t  no bioengineering program could 

I be expected t o  maintain i t s  credib i l i ty  t h a t  did not involve sane c l in ica l  

experience. It is apparent t h a t  the  Stony Brook campus i s  the  only campus - - 

I i n  t h e  New York City - Long Island region t h a t  does have the  engineering school 

I 
and the  medical school i n  proximity on t h e  sane s i t e .  The advantage which 

-accrues i s  enormous; the  faculty from the engineering school, the health 

I sciences center and t h e  life-science departments interact  i n  a natural way, 
< 

i.e., by serving on similar university committees, meeting social ly and 

meeting formally- (and informally.) i n  many ac t iv i t i e s  associated with running 

I 
the.university.  This advantage i s  one which argues very strongly for  the need 

t o  develop bioengineering studies a t  this campus. For exanple, i f  a decision 

I were t o  be made tha t ,  because of the  expense and because of the  wish to  

, .. maintain some control over the  number of graduates which a re  produced, not every 

engineering school w e r e  t o  he permitted t o  develop an extensive bioengineering 
. - I 

I . program, then it would seem t h a t  one of the  prime schools t o  be selected fo r  . I 



t h i s  subject area,  especially,  should be the  c a p u s  at Stony Brook. One 

additional point t o  be made i s  t h e  suggestion t h a t  fu ture  program directors  
. . 

monitor, very carefully,  t he  career opportunities which ex i s t  i n  the  bio- 

I engineering f i e l d  so t ha t ,  a s  graduates leave t h e  canpus and move in to  t h e i r  

careers,  there  is rnzintained -a very t i g h t  feedback arrangement which provides 

I - 
up-to-dete infomation a s  t o  how readily the  graduates a re  finding career oppor- 

t u n i t i e s  and they are, i n  f ac t ,  u t i l i z i n g  the  educational background 

tha t  i s  provided fo r  them. It w i l l  then be possible t o  maintain a constant 
-. 

.supervision over the  modification of t h e  exis t ing programs so  t h a t  they can 

be continually adjusted t o  meet t h e  changing needs of the  bioengineering f ie ld .  

There should not be  an a ~ r i o r i  decision t h a t  society needs bioengineers which 
- 

-then leads t o  the production ( i n  an uncontrolled manner) of engineers i n  the 

subject area,  without some concern of the  career opportunities, or lack thereof, 
- .  

which exis t  a t  sone point i n  time. There should not be repeated the  exercise, 

t ha t  has occurred i n  several subject areas where, because of t h e  strong feel ing 

I f o r  the-importance of an area at some par t icu lar  time, schools were allowed an 

I 
unlimited expansion based on the  in t e res t  of the  students ox of the  faculty,  

-only t o  f i n d  t h a t  i n  a few years the area becane saturated and/or unpopular 

I resul t ing i n  an oversupply of both facul ty and other professionals i n  t h a t  

career area. I n  closing, t he  author recommends tha t  t h e  administrat2ve uni t s  I 
on camljus d i rec t  corni t tees  t o  begin t h e  design of acadeznic plans f o r  bio- 

. 

I 
I 

engineering work a t  t h e  undergrate, t h e  E.5 and the  Phd levels ;  and t h a t  t h i s  

n o t ~ b e  implenented by an innedizite creation of a department o r  separate - 

I administrative uni t  but i n  the  context of the'  present departmental structures.  

- - . However, t he  designs of the  curricula should be  made v i s ib l e ,  i . e . , a pamphlet I 
I ' and catalog material  be published so as t o  indicate  the  presence of bioengineer- 

I ing prcgrans and t o  describe t h e  t racks within the  programs. The information 



should also inform prospective students as t o  acadenic advisors. O f  course, 

it i s  also pertinent tha t  the name of the  faculty be ident if ied who w i l l  agree 

I t o  make conmitments t o  the  subject area, and tha t  facul ty recruitment for the 

I 
t a sk  include the  people who have already established reputations i n  t h i s  area 

as w e l l  as  those who show potent ia l  f o r  the  developent of academic programs 
. . 

I in  bioengineering. 



- .  
The people xho assis ted the author during his v i s i t s  t o  the  various 

. . . . 

I medical centers are  certainly too numerouS for  a l l  t o  be mentioned, However, cer tain 

s taf f  members, a t  the various medical centers, gave t h e i r  special attention - ' I t o  the  v i s i t s  and a considerable portion of t h e i r  valuable time t o  discussions. 

1 The author wishes t o  acknowledge t h i s  e f for t ,  and t o  be re-emphasize tha t  the opinions 

! I .. in the  present report a r e  not necessmily the  upinions expieasel by any one o r  

combination of the  persons mentioned, but represent a coapendium of opinion 
-. 

and t h e  interpretat ion of t h a t  opinion. The data was obtained not only i n  

! I currversations with those mentioned i n  the  following paragraph but a lso  with 

the mazly members of the  staffs, a t  large,  i n  the hospitals. Certain con- 

I - . . 
tributlcrds t o  the opinions were gathered v i a  visual  impressions, as it were, 

that the author received. 

I The author wishes t o  express h i s  special appreciation.and gratitude t o  
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