


Lockheed nissf les  & Space Cappan?, Lac. ( M C )  subits t h i s  STARPAHC 

System R e p o r t  (Vol. 1 aad V o l ,  2) in compliaace with Contract HAS 9-13170 
dated U Decernber 1972, covering the total four and me-half year contract 
period evaluation. 

This, 001. 2, contains the in-depth sumaaries of the data result ing frola 

2 years cf operational evaluations. 
brief sumnary of the STARPAEC Rogram, i ts  history, and report highlights. 

Vol. 1 should be consulted for  a 

This program for Space Technology Applied t o  R w a l  Papago Mvanced Health 
Care ( W A R C )  is being conducted under tke auspices of the  SASA (Johnson 
Space Center], Kormaa Belasco, Project Officer, working in conju3ctiw 
wfth DtEW (IHS-OBD), Stuart Babeau, H.D., Directol; and the Papago Indian 
Tribe, Cecil W i l l i a m s ,  Chaireraa of the TrLbal Council, and the Executive 
Health Staff of the Papago Tribe. 
direction of Frank Biley,  Rogram Manager. 

The U 5 C  STARPAW Team is under the 

The STARPAIiC system (description i n  Appendix B) was evaluated Over a 2-year 
operational pericd. Evaluation of the nedical aspect is being conducted by 
IBS under the direction of Jrsles W. Justice, M.D., and evaluation of the 
hardware aspect is b e h g  conducted by IMSC under the direction of William 
C. Wyatt. 
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(See Table 2-33 for Glossary of Caeputer Terms) 

IHS-ORD 

mm 

IF% 
JSC 
IhisC 

W S C  

LPN 
MHU 

Albuquerque Computer Center 
Auxiliary power unit  
Black and White 
unit of Signaling speed 
Bureau of Indian Affairs 
CarePamity Health Representative 
Coamunity Eealth Medic 
Caararaity b a l t h  Nurse 

Departmeat of Health, Education, and Welfare 
Electrocardiogram 
Executive Health Staff of the Papso Tribe 
Experimental Medical Care Review Organization 
Health Information System 
Health Resources Administration 
Eealth Services Administration 
Health Services Support Control Center 
Hertz (cycles per second) 
Identification - IMSC Fmployee Number or  IHS Medical 
Record Number 
Indian Heal th  Service - Office of Research and Development 
Integrated Medical and Behavioral Laboratory Measurement 
System 

IMBLMS Program Office 
Johnson Space Center 

Local Health Services Center 
Lockheed Missiles & Space Co,, Inc. 
Licensed Practical Nurse 
Mobile Health Unit 
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GIX)GSABY OF ABBREVIATIONS 
(continued) 

PAR 

PEN 
PHS 
P'IMC 

PRC 

Q= 
R&DD 

rf 
STARPAEIC 

TCE 
TTY 
UPS 

VA 
VHF 

m 
WDG 

Mental Health Worker 
Megahertz (million cycles per second) 
Audio Multiplexer Unit 
National Aeronautics and Space Administration 
NASA Medical Information Computer System 
Outpatient Department 
Outpatient Visit 
Portable Ambularrce Module (Telecare Unit manufactured by 
SCI Electronics, Houston, Tetras) 

Perfonnance Acceptability Ratio 
) 100 = x Fai lures 

Gross Telecomunications 

Anomalies (Fair, Poor, Failures)) = 
Telecomunications Net PAR = (1 - 

Public Health Nurse 
Public Health Service 
Phoenix Indian Medical Center 
Phoenix Referral Center (STARPAEC terminal equipment located 
in Phoenix Indian Medical Center) 
Quijotoa Relay Station 
Research and Development Division (of X.MSC) 

Radio Frequency 
Space Technology Applied to Rural Papago Advanced Health 
Care 
Telecomunicat ion Equipme-it 
Teletypewriter 
Uninterruptible Power Systm 

Veterans Administration 
Very High Frequency (STARPAHC 170-m~ Band) 
Video Tape Recorder 
Wind-Driven Generator 
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Section 1 

SUMMARY 

The major goal of the  STARPAHC project  w a s  t o  evaluate the  value and 

poten t ia l  of telemedicine using Physician's Assis tants  f o r  providing 

qua l i ty  heal th  care del ivery t o  people i n  a remote area. Generally, 

the program 

0 

0 

0 

0 

0 

goals were to: 

Establish the  f e a s i b i l i t y  of  t he  STARPAHC concept i n  the  
del ivery of heal th  care. 

Gain information for  developing heal th  care systems f o r  
future manned spacecraft .  

Determine t h e  constraints  and capab i l i t i e s  involved i n  the  
interact ion between physicians and non-physician heal th  
care personnel. 

Determine effect iveness  and exportabil i ty* of the STARPAXC 
technique. 

Define the  addi t ional  developments t ha t  are needed and/or 
most valuable t o  improving telemedicine and i t s  ewortable 
potencial. 

OUTSTANDING Outstanding charac te r i s t ics  t ha t  may dis t inguish the 
CHARA(;TERISTICS STARPAHC project  from the  many o thers  ca l led  telemedicine 

projects  are: 
o STARPAHC is t he  only project  where both consumers, hea l th  

providers, and engi.ieers j o i n t l y  developed the  i n i t i a l  design 
requirements, and cooperated i n  every s tep of  the project  
ircluding operations. 

large remote ,rea for  two years, serving a population of about 
10,000 people. 

o STAk?&iC may be, today, the only project t o  operate in a 

*Exportabilit] i s  defined as "The poten t ia l  for  t ransfer r ing  i n  whole or  i n  
p a r t ,  the 5TXRPAilC concept, data ,  and information. Purposes may be t o  
u t i l i z e  f,,r analyses o r  decision judgements i n  planning, engineering, and 
implementing telemedicine systems t o  meet the needs of spec i f ic  operational 
sites" . 
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To date, the most extensive hardware, medical, and cost  
evaluation data for  any telemedicine project have been 
cofiected during the two years of operation of STARPAHC. 

SWPAHC is the only system t o  continually upgrade capab i l i t i e s  
with developing technological innovations. 

STARPAHC i s  one of the few telemedicine projects  where s i g n i f i -  
cant cu l tu ra l  and language d ive r s i t i e s  were included i n  both 
the planning and operational phases. 

STARPAHC is one of the few projects  d i r e c t l y  associated w i t h  
NASA and other space contractors whose engineers and physicians 
have had pr ior  experience i n  the  design and manufacturing 
of equipment t o  support remote heal th  care. 

STARPAHC is t h e  only project  t o  operate within a r u r a l  compre- 
hensive care se t t ing ,  with as many and diverse types of heal th  
providers, e.g., MDs, DDSs, Pharmacists, Laboratory Technicians, 
Physical Therapists, Community Health Medics (CRM), and Tribal  
Eealth Workers. 

BASELINE To give evaluation data on the  p r o j e c t ,  reference baseline 
COMPARISON 

pr ior  f ive  years and compared against  the STARPAHC 1st year (May 1, 1975 

through A p r i l  30, 1976) and the 2nd year (May 1, 1976 through A p r i l  30, 1977). 

Results of t h i s  comparison fo r  the  nine districts comprising the Papago 

reservation's main body were: 

data on prior-to-STARPAW operation was col lected for  the 

o Increased u t i l i z a t i o n  of a l l  heal th  care  f a c i l i t i e s  a f t e r  
STARPAHC was in i t i a t ed .  

o Increases i n  (1) the number of pat ient  v i s i t s ,  (2) the i a t i o  
of pat ients  t o  pat ient  ambulatcry care v i s i t s  by d i s t r i c t  of 
residence, and (3) the  percent of t o t a l  population usinp 
services.  

cantly greater  for  those pa t ien ts  residing i n  the three most 
western d i s t r i c t s  whose c loses t  and most frequently used heal th  
care  f a c i l i t y  was the Mobile Health Unit (MHU). 

o Increases in  the three factors ,  itemized above, were s i g n i f i -  

Increased u t i l i z a t i o n  of the health care f a c i l i t y  a f t e r  STARPAHC i n i t i a t i o n  

was evidence of achieving t h e  general health objectives of the Papago Execctive 

Health Staff and the indian Health Services. The increase is  a t t r ibu ted  to  

the expanded f i e l d  c l i n i c  operations under STARPAHC, by use of a Mobile Health 

Unit and the Santa Rosa Clinic.  



It was noted that sccmpanyiag the  increased u t i l i za t ion  of health care 

f a c i l i t i e s  was the  increased u t i l i za t ion  of non-physicians t o  provide d i rec t  
health care. The number of vt,silys t c  Physician Assistants and LPNs, as well 
as the number of patient cantacts by tribal health workers were s ignif icant ly  

increased. 

A principle objective of t he  STARPAHC project was t o  improve or match. t he  
qual i ty  of care provided pr ior  t o  STARPAHC. Results showed t h a t :  

o CEM's, wurking independently, echieved qual i ty  of care  
canparable to physician. staffed sites. 

o Quality of care Srovided a t  the  MHU is equal t o  or better 
t h a  other health care f a c i l i t i e s ,  whether staffed by 
physicians or CHMs . 

o All health care f a c i l i t i e s  e-Jaluated (Se l l s  Hospital, San 
Xaeer Health Center, Santa Rosa Heal th  Center, and t h e  MEU) 
demonstrated quai i ty  of care equal t o  or  better than that 
provided p i o r  t o  STARPAHC. 

MEDICAL ~OIvIMUXICATIOiJ Uti l izat ion of telecammunicat ion f o r  
UTILIZATION pat ient  consultation averaged 9.2% of 

t h e  t o t a l  pat ient  vlsits. 
greater than the Santa Rosa Clinic (i8.65 canpared t o  3.25). 
difierence is  partly a t t r ibu ted  t o  the predcminant use of telephone 

c o n s u l t a t i m  at  t h e  Santa Rosa Clinic, vhich were not monitored as con- 

trasted t o  the  MEW te lecmunica t ions ,  which were monitored. 

school e-uaninations a3d influenza immunizations at  t h e  Santa Rosa Clinic 
accuunted for a large number of pat ient  v i s i t s  ami t h i s  type of visit 
doos not generate a need for remote consultation, which also helps t o  

account f o r  the difference i n  the percent of t h e  to ta l  pat ient  visits 
between t h e  two  health care f a c i l i t i e s .  

The MBU two-year average was signif icant ly  

This 

Routine 

Of the  3,6U patient v i s j t s  t o  the  MHU d u f n g  e one-year per ioi ,  t e i e -  

czmultations were needed f o r  439 hea l th  Srcblezs, abcut 12% of a l l  
pablems.  Video te lecmsul ta t ions,  between the  MHU's, CEM and the Sel ls  

physician, were used for approximately 3 .5% of  a l l  v i s i t s .  
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Highest percen%age of problem requir t la  t e l ecmunica t ions  was accidents 

and injur ies  (38$ out of the  total of 79 accident diagnoses). 

diseases of the skin (27.9% aut of the  t o t a l  of 179 skin diagnoses), 
Metabolic, nutr i t ional ,  and blood disorders requl- ;.1 21.4$ cjivt cf t h e  

t o t a l  of 206 iiisorders. Resgiratory diseases resulted i n  t h e  k r g e s t  

total number of diagaoses (771 or  21..$ of t o t a l  diagnoses], howe-rer, they 
only required 55 t e l ecmunica t ions  (7.1%) of *he t o t a l  t e lecmunica t ions .  

Next m s  

Physician direct ion has been effect ive in  diagnosing and/or t rea t ing  patients 
by telemedicine i n  cases of fractures,  lacerations, minor smgery, that 

lesions, skin ulcers, snake b i tes ,  respiratory infections,  gastroenter i t is ,  

e tc .  Ph.-sician and CHM users have reported that the TCE capabili ty has been 

c r i t i c a l  and/or essent ia l  i n  a large percentage of t h e  zeleconsultations . (86.q) 

VALUE OF VOICE AND 
VIDEO TELECONSULTATIONS 

Quality crf medical t e l e c m u n i c a t i m s  per- 

ception by the  health proviCers (Phjrsicians, 
CHMs) during the  E-month evaluation period, indicated tht 8S$ ol" the  t o t a l  

t e lecmunica t ions  were acceptable. 

Video teleconsultations we.. 

or therapy. 
fran t h e  lab, records, appoirkents ,  e tc .  

used most often fo r  help i n  diagnosis, t reatnent ,  

Voice telecommunications were used Icost often t o  gain infomaticn 

During a l2-rronth period, there  -<ere 170 TV teleconsultations which resulted 

in ; l )  elimination of 49 ghysician or dentt-ii r z f e r r a l s  which removed the neces- 

s i t y  f o r  the pat ient  t o  make rmnd t r i p s  of f rm  76 t o  150 Iciles, and 2)  43 
r e fe r r a l s  khich irdicated the  need f a  tht., phys:-cian/CHM inte- raction. 

Physicians rated 78.3% of a l l  TV teleconscltations and 72.5s of a l l  voice 

teleconsultations as e i ther  c r i t i c a l ,  or imporcant and useful for proper 
care. 
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CBHS indicated that they believed 9?.1$ af 
of all voice telecozlsultations ve=e cr i t ica l ,  +_nrPsrtant, ar useful l o r  pp=r 

care, Video t e l ecau l+a t ioos  hbs resullmi in mmy huxcirecls Jf miles of p t i e r t  
tram1 sa-&. SloScan TV e m h a t i a n  expr~hents are not included ic the above 

data, 

TQ te~ecoxlsUltatiaa arxi Y?-O$ 

mBARcH EpAIuATIo39 Radiolw. A m@dAcal X-ray ew&luation experixent 

SKU SCAB TV 

P h e  Indian Medical Center over dial- telephrlle Unes t o  be read tkre by a 
m d t c h g i d -  Bccellent tqmecent (loo$ relisbmty) ca the interpretattan cf 
the negetive ar positive pathclagp was Atained b;r the M o l o g l s t  an& the 

arigird ixrttqretatfcms; hawever, t!ie radiologist bad ~ i c u l t p  vl th lesiacs 
idmtificatim an6 location on the positive images. 

diagnosis was indeteminate. 
m o n i t o r ,  but w e r e  not appreciated whea the film images vere mixed in ath namals 
during the transmission sequewe". 
interact with the video presentatioa is a valtnble result of the evaluatiou. 
Anather is inpr-t 09 resolution. 

was conducted drxring uhich selected tes t  X-ray 
%nmges were transmitted f+ran Sells hospital t c  the 

w rm can, mA!rIvB 

E@anatian for the ~fsse6 

The radiologist sta ted ,  "lesions uere seen on the 

The need for training of the radiolcjgist t o  

patient Bnsmination 
Specific eqerimects uere c&rried out to determine t& effectf-=ness Df the 
ca lm TV system t o  transmit adequate skin tcmes and orbital structure over 
the slaw scan TV f r o m  Sells t o  Phoenk. 

Limitation of the camera ccptibilfties and lighting resulted in  hadeqya*te 

color differentiation within the skin tone range of hue fur d.iqpcsis af 

dematological lesions. 
problems, where i t  was found that 4et;ated light levels n&ed to wcduce 
adequate coverage caused the eyes t o  tear .  

considera312 Lrprovment by pro\iCing higher quality caxer&s 
s q p r t i n g  equipment . 

Similar dUYiculties were encountered i n  aphtbahologic 

The & s t i n g  systea require; 
Deri-,he,d 



Accuracy af rending 98 slides of b l d  sneer ~RIS graded as 8% correct axt 

of the total transmissiars, 

wL6 grades as 

Accuracy af reading 50 slides of m M  ilore 
ccrrect axt cs the tdal t ~ s s i o n s .  

Coprlusions reacheti were a t  blood smears an6 large speckens caul2 be 
tmmszaltteci over slar scen TV uith e c c e p ' t l e  eccuracy. 

slide transzissians revesled that hiken the  size of the ce l l s  was very s m a l l ,  
the moplrhololgf and gram stain category of the cells were d i f f i c u l t  t o  read. 

The sliced flora 

Significantly, the use of reasaosbly priced (ca~mercial) off-the-shelf equip- 

nent has been a f i z z  prograa rule. 
<XI this etpipnent are sparse, c m t ~  tc papular belief, end guality cmt ro l  
is largely inde'l;eninable. Th2se factors ccmtributed in large measure t o  
early equ5pent failures, t o  the necessity 02 a "burn-in" period t o  establish 
perfarnence, and t o  the t-ortauce af thorough systen ergirleering and selective 
+ategated system testing. Results t o  date strongly indicate that off-the- 

Historical rellablXty PrfarPance data 

-7.0*o - e m p e n t  can be synthesized i n t o  a reasonably dependable and saintainable 

well-pe&a;rmini; telemedicine system . 
An average of 273 patient visits _Der nonth were d e  t o  the MEU while the 
Santa Rosa averaged k7 per rconth. 

for medical purposes. 
accounted fm 25.B of the tatal. An average af 308 telecamnunications per 

lconth were held. 
was rated excellerrt/go& 9 . 5 4  out of the tctal teleccemnuLzations. 

57.6s uf ell telecamanicatioas were used 

Te1ecanSu;taticns betxeen the physician m d  the CHM 

Qunlity cf transnissions, as xeasured by the system wrators, 
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!i!v microscopy bad a low usage due to: 1) la~k of tratning, 
hauledge, willingness and familiarity with the microscope 

and slide izage trananission, 2) pricrity decision by the CEM t o  assigp se3- 

up tm in a crowded high tensity patient-load environmeat, and 3) Uited 
need far that type af data. 

Instrments used for exszrfaing inoer orifices (ears, ~ o u t h ,  etc.), e.g., 

endoscope, ha6 8 low usage because: I) curcberscsne design *as tir~~e-consmirg 
t o  set up, 2) oral pathology could be more easily achieved through at*- 
a close-up lens to  a s e  color camera, and 3) excessive dust caused 

damage to fiberoptics. 

the ECG and He- Sound m o n i t a r .  This l o w  usage ~ a 8  attributed t o  the low 
eviaence of he- disease in the Papago Indfans, lack of cardiologist at the 
Se33.s Hospital, and relatively easy re fer ra l  to  a hospitsl with a cardiologist. 

Other exmining instruments which had l ow usage Were 

CcmmUnication modes most often used were the dedicated voice chennels of the 

narrawbacci system (hotline and hands-free audio charme?-). me wideband audio 

channel which wes a back-up to the prime narrowband audio channel was seldm 

used due t o  the reliability of the prsae aildfo mode. 



The telemtry used for remotely cont ro l l ing  t h e  TV cameras in the  NHU an2 t h e  

S a n t a  Rosa Clin ic  were used frequently by the  physician and/or support personnel 

a s s i s t i ng  t h e  pruvider. 

In srpmmary, usage of t he  TCE vafied from high usage f o r  t h e  most d i r e c t  means 
of communications (audio) t o  law usage f o r  special ized instrumentation. F i f t y  

percent (or twelve) out  of t h e  list of 24 TCE iden t i f i ed  f o r  sT,4RpAHc had high 

usage and accounted f o r  97.6 percr..; of the t o t a l  use. 

PRomERs AM) A series of interviews 

s c i e n t i s t  from outside PATmQllS 
ACCEPTANCE 

were completed by a D W  behavioral 

t h e  Office of Research and Develop- 

m e n t .  

Twenty-one physicians and 5 CHMs were interviewed. 

t ra in ing  i n  mary cases w a s  not enough and t h a t  r e t r a in ing  is needed i f  constant 

use of t h e  e q u i p e n t  doesn't take place. 

C5M. 

however, they had worked with CIIMs. 

Six physicians s t a t ed  t h a t  

More t r a in ing  was requested by one 

The majority of physicians had not used computers or TV before SWAIIC, 

It was reported, as ant ic ipated,  i n  15 interviews out of 65 intervie+.ts (23%) 
t ha t  a teleconsulation, although acceptable, w a s  not a s u b s t i t u t e  t 

face-to-face encounter. 

a 

Major negative effects of telemedicine mentioned were: 

when CHM had t o  set  up equipment f o r  consultation o r  had t o  modify set up, 2) 

leaving the pa t ien ts  in t h e  exam room while having to go t o  t he  spec ia l  tele- 

consultation room, and 3) time l o s t  from equipment malfunctions. 

1) t i m e  l o s t  by physician 

Most important findings were; t h e  majority of physicians said t h e  teleconsulation 

has resul ted i n  change of treatment plans, and one physician reported t h a t  

!YURFMIC had given him more confidence Ln the CHM's a b i l i t y  t o  dea l  with 

pa t ien ts  and consequently gives the  CEfM more c r e d i b i l i t y  and authority. 

changes i n  treatment reported were; 

Other  

1) t h a t  inore precise  descr ipt ions were 
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required than i n  face-to-face encounters, and 2) the  CZIM r e l i e s  more on 

the  physician and can show area of problem t o  physician on TV. 

Both t b d  physician and CHM f e l t  t ha t  STARPAHC was useful  i n  helping t o  

learn .tbout d i f f i c u l t  cases a s  they came up. 

educat.:on of physicians, CEMS, and cannmrnity was a l so  mentioned. 

The poten t ia l  value for 

Cut of the twelve pract ic ing physicians a t  Se l l s ,  f i ve  physicians sa id  they 

had no :onsultation where voice conrmunication alone couldn't llave solved 

the prc,,lem. The other 7 physiciano a t  S e l l s  said TV was import.int i n  making 

a diagnasis. 

Only one physician was apprehensive about using TV and other  STARPA?IC equip- 

ment. The remaining eleven sa id  they were e i t h e r  neut ra l  o r  enthrrsiastic. 

The xa jo r i ty  of interviews indicated tha t  the providers thought tha t  STARPAHC 

7,ouia be successful, a t t r ibu ted  t o  the fac t  t ha t  the improved access afforded 

many Papago pat ients  medical care. 

tha t  -movides b e t t e r  access of care  t o  the pa t ien t  and encourages more 

appropriat2 and equf :able use of medical services.  

All providers see value in technology 

The majority of Papago pat ients  interviewed said; 

provided (93.3%), 2) they l iked the a t t i t u o e  of the mobile s t a f f  (loo%), 
3) questions had been c lear ly  answered (7573, 4) waiting periods were about 

the same as a t  the Sell:. 1Iospital (61.3%), 5 )  the  MHU had not been l a t e  

(74.1%),  arrd 6 )  the; +refer  t o  v i s i t  the heal th  service a t  the MHU s i t e  ra ther  

than go t o  e i t h s  the Sells OPD, o r  the Santa Rosa heal th  center .  

1) they l iked the service 

There was 

hospi ta l  t o  the MHU o r  t o  the S a n t a  Rosa c l i n i c  and display i t  on a TV 

monf.:,r. Pat ients  whca asked the question whether i t  was tnportant t o  see 

the Sells physician on the monitor, 71.59, responded yes. 

requirement t o  transmit the physician's image from the S e l l s  
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OPERATING Cost considerations as evaluating factors must be viewed 

in the context of the program's principle goal and that, COSTS 

as previously stated, is to provide quality health care to people in remote 
areas both nationally and internationally. Offering physicians excessive 
monetary rewards has not been a workable or permanent solution (although in 
isolated cases, it may have been an acceptable temporary stopgap measure). 
Therefore, when cost is being used as a decision and/or evaluation factor, 
it must be considered relative to the value and need for a solution to the 

problem of remote-area health care delivery, 
was essentially for research and development and not "production". 

In this context the-STARPAHC effort 

To provide objective, accurate cost data, STARPAHC conducted a con- 
tinuous, thorough cost analysis, considering both the recurring and non- 
recurring costs for the system and each of its major elements and functions. 
Existing data reveal that the "cost per outpatient visit" figures are most 

meaninghl and do equate favorably with costs for Outpatient visits in com- 
parable facilities without telemedicine capability. 

For exaaple, the total annual recurring cost for all maintenance and 

operations resulted in a cost of $49.69 per outpatient visit (OPV). 

To further understand the significance of cost per outpatient visit, one must 

consider other hypothetical applications of STAFtPAHC: the MHU and Santa Rosa 

clinic could be operated either on a longer schedule (such as a two-rhift 
basis), or the patient density could increase significantly. In the former 
application, there would be additional costs associated with the salaries of 

the operating personnel; in the latter application, there would not be any 
* cost increase. In both applications, one could expect a significant reduction 

in the cost per outpatient. In view of these potential operational changes, one 

must carefully assess the environment in which the system operates and recognize 

that cost per outpatient can be directly proportional to the number of out- 

patient visits, which can vary widely depending upon the application of the 

s y s t em. 
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Es projected costs of operating PTARPAHC after the transfer f r m  NASA 

resulted i n  certain economies effecting a reduction of OPV cost t o  $47*= - 

SOFTWARE The Health Infamation System, a canputer-based 
source of patient histories,  was invaluable in  
assist ing the providers with up-to-date medical 

records. 
in acting as the  port of entry f o r  request far t h i s  data. 

me STARPAHC computer performed a data concentrator f'unction 

The Medics application software consisted of programs designed t o  interact 
with a user at  his  terminal. 
medications due for inpatients, 2) schedule fo r  any c l in ic  i n  the  systm, 

and 3) guidelines of care fo r  diagnosing diseases. 

for scheduling, shared low usage due to: 1 )  low number of p t i e n t  medlcs- 
tim, and 2 )  ccpmrmnication between physicians znd CHM's resolved most 
problems associaLed with diagnosis. 

They supplied t h e  user with; 1) reports of 

These prqpams, except 

EXPORTABILITY The S W A H C  concept, data, and infomatian w i l l  

be of benefit and significance t o  future planners 
of another telemedicine project. The concept of interactive telecommuni- 

cation between professional health care personnel operating frm fixed 

and/or mobile health f a c i l i t i e s  and physicians based at central  hospitals 
has proven t o  be practical, and quality of care has matched or has improved 
upon t ha t  provided by the conventional physiciea/patient relationship. 
Modification of the concept by placing less qualified (dependent: CHhI's 
i n  the  f ie ld  monitored by more qualified (independent) CIIM's is under inves- 

tiga.tfon. Fkpanding the  concept t o  include larger hospitals with medical 
specialization has been successmly  demonstrated with research evaluatior, 

of Slow-Sca TV transmission for radiology, patient e m i n a t i o n ,  and 
microscopy. 
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I n  Section 4, a cross-index between the re;ort data and its location i n  this 

volume is povided that w i l l  be of value i n  telemedicine planning. Infoma- 
t ion is provided regarding the various ostions that are available i n  terns 
of telecomnunication eqlfipnent , computers, f a c i l i t i e s  personnel-services/ 
skills, and logistics. 

Telecamnunications equipment (TEE) as 6efined fo r  STARPABC consists of the  
canmunicatim transceivers, and the i r  associated peripheral sensor instru- 
mefits such as the  narrmiband transceivers and an ECG recorder. 

Selection of specific TCE is dependent on t h e  system requirements. 
data transmission i s  the requirement, then there is a b r a d  selection of RF 

equipeat  i n  the na.rruwb&nd and VHF range. 
two options are available, wideband and SlarScan TV. 
with the  video, program audio channels (hi-f i )  can be provided with the vide- 

band t m s c e i v e r s .  
by simply adding an additional telephone l ine.  
been identified and the i r  pa-formance discussed in  t h i s  report. 

If voice/ 

If video transmission is  required, 
If aui.ia is also required 

Voice requirement is easily supplemented with Slow Scan 
Twenty-four TCE items have 

There are four basic canmunicatian modes tha t  can be reccanmended: 
link, 2 )  VEfF, 3) narrow-band microwave, and 4) videband microwave. 
phone l ink option provides the lowest cost option. 
TV can be transmitted using th rs  option. 
the voice range can be transmitted over standard telephone lines. 
option permits a law-cost RF l ink that provides a l l  the telephone l ink option 
capability plus the capability t o  transmit or receive while in  t ransi t .  

1) telephone 
The tele- 

Voice, data, and Slow-Scan 
ECG or any other data adaptable t o  

T5e VHF 

The narrarband option pemi ts  multiple-voico grade channels, a l l  the capa- 

b i l i t i e s  provided by the telephone or VHF, private dedicated (hotline) voice 
channels and separate maintenance lines. 

The wk3band micrmve option offers the one or two *day television images, 
one ar two way voice, and all capabilities provided by the  narrowband 
aicrarave option. 
t ion optiots. 
backup. 

There a re  a e m t a g e s  t o  cmbining sane of the ccnmunica- 
For example, VifF can be added a t  a low cost t o  provide a 
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A decision-making process for  exportable models of the STARPAHC concept rrust 
be init iated by taking a systematic approach t o  defining a telenedicine system 
t o  meet the requirements of a specific locale. 
is  establishing cr i te r ia  and guidelines for the concept. 
guidelines that have evolved from STARFAHC are offered belar as a model: 

The starting point i n  the process 
The cr i te r ia  and 

Expertise af physicians (and ather health professionals) are extended 
great distances by zhysician monitoring of the remotely located CHM. 
Visible and audible cammunication should be pravided. 
Easily accessible points of entry into the health care establishment 
should b t  provided by appropriate canbinations of fixed and mobile 
facilities. 
Screening and rcuting of patients by a central control is  required. 
Unique technology end management s k i l l s  tailored t o  the environment 
and patient need should be applied. 
Maximum use of existing medical establishments and capebilities should 
be applied. 
Restraints impos ?d by unique social, econmic, and health characteris- 
t i c s  of the locality under consideration must be recognized. 
System design m u s t  be amenable t o  orderly, q d i t i o u s  extension. 
Basic design should be applicable t o  all f'uture-area situations. 

The end products of the decision making process are; 1) c r i t e r i a  and guide- 

lines, 2) a selecteC configuration, and 3)  basic system requirments. These 
products now permit the orderly in i t ia t icn  of a system engineering effort  t o  
give further definition t o  the concept, establish end item specifications, 
and the preliminary design. 
design, fabrication/assembly, test, and operation. 

Further sequential action requires the detailed. 

Export decision objective factors and t e s t  candidate concepts can be cmpared 
against these factors; 1) accessibil i ty - improve access of rural patients 
t o  health care through use of interactive telemedicine, 2) quality - provide 
quality of care equal t o  or better than that prevlousPj available, 3)  accept- 
ab i l i t y  - assure acceptability as perceived by the involved providers and 
patients, 4) cost - t o  the patient, equal or below that of con7entional hea1:h 
care, 5) funding - capital  costs t o  be competitive with alternative ferns of 

health delivery, 6) hardware - reliable and maintainability, 7 )  growth potentiai - 
abi l i ty  t o  perform research and testing, 8) population shif ts  - response of t h e  

system t o  population changing location, and 9 )  servlce demands change - response 

of system t o  increase/decrease i n  ut iuzat ion.  
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SUMMARY !IF 
FINDINGS The major r z a l  of the STARPAHC project, " to  provide 

qualtty health care t o  people i n  a remote area" has 

been achieved. The general goals of the project and 

assessment of our performance i n  meeting these goals, are addressed below. 

Feasibility of the STARPAHC Concept. 
rea l i s t ic  way t o  administer quality health care t o  people isolated in  remote 
areas. There have been overall increases i n  the uti l ization of a l l  health care 
fac i l i t i es ,  and appreciable increases i n  the ut i l izat ian of both the mobile and 
fixed clinics.  The quality of care administered by CRN's a t  these f ac i l i t i e s  
has been rated as "better than or as good as'' that administered Zn f ac i l i t i e s  
staffed by physicians and other heaith professionals. 

The SWAHC concept i s  indeed an effective, 

Interaction Between Physicians and Non-F..ysicians. 
effective in diagnosing and/or treating patients by telmedicine in  a wide 
variety of case types. Physician and CBM users have reported that the TCE 
capability has been cr i t ica l ,  important, ar useful in 86.3% of the teleconsulta- 
tions for providing proper treatment and disposes.  
diagnostic capability is  reassurance t o  the in i t ia tor  tha t  the proposed treatment, 
plan is satisfactory (whether the in i t ia tor  is a CHM or a physician). 

Physician direction has been 

A major value of the te le-  

-&ability of the STARPAHC Concept. The STARPAEC approach t o  proxdding 
access t o  quality health care at  remote locations nay be a model for  other 
health care delivery systems. 

i s  of the magnitude and imgortance indicated by the news media and s t a t i s t i ca l  
data - and it i s  - those charged with the responsibility of providing care t o  
remote areas (local c m i t y ,  state,  national, &nd internationel) should 
seriously consider hplementing pmgavs that  =e the knowledge and &ta 
gained through STARPAHC. 

If', i n  fact ,  the problem of remote health caro 
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"he f e a s i b i l i t y  determination of the  S W m  concept for remote-area heelth 

care delivery i s  indicative of future growth potent ia l .  As a first stes, 
one-of-a-kind, demonstrat ion system, i ts  possibili ' iies f cr exportabil i ty,  

growth, and expansion appear t o  be ve-y good. 

Any canbination 09 t he  major system elements can be used s i n g l y  or in multiples 

t o  accanmcdate each area's specific needs. 

cation s a t e l l i t e  capabilities enable any degree of partiai or  t o t a l  service 
networks t o  be synthesized, and t o  go beyan3 regional medical centers t o  
national medical centers and, perhaps, internat ional  medical centers. 

The present and near-futuro canmuni- 

Medicallmineering; Evaluation of the Value and Potent ia l  of Telenedicine. 

Video teleconsultatlons were used m o s t  often for help in diagnosis or therapy, 

while voice cammicat ions were used most aften t o  gain infomation frgn t h e  

lab, records, or appointments. TV teleconsultations resulted i n  elimination 

of unnecessary referrals, or decisions t o  include needed referrals. Thase 

decisions resulted in savings of many hundreds of miles of pat ient  travel. 
Physicians indicated tha t  78.396 of a l l  Tv teleconsultations were c r i t i c a l ,  

important, cr useful for proper care. Seventy-two and five-tenths percent 
( 7 2 . 5 % )  of a l l  voice teleconsultations were judged similarly.  

It has proven feasible  t o  design, construct, test ,  operate, and maintain 9 

reliable telemedicine system i n  a remote environment. 
of the  system was rated high. 
crew. 

h is tor ies  t o  the  f i e l d  health care personnel. 
storing evaluation data and providing s t a t i s t i c a l  analysis. 

Perf  omance and qual i ty  
Maintenance w a s  within the  capabi l i ty  of the  

CcPnputers were found valuable in  s t o r i n g  and prclviding current pat ient  

Ccmputers were a l s o  useful fo r  

In summary, t h e  STARPAHC pro3ect has demonstrated that telemedicine with t h e  

use of physicizis'  ass i s tan ts  i s  one answer t o  the  problem of providing qua l i ty  

health care t o  people i n  isolated meas and, indeed, may be the  anly prac t ica l  
way of providing health care i n  a world of ever-increasbg population i n  

dire  need of such care. 
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Section 2 

2.1 ORGAWZATION AllD PRESEVWIIOI? 
In  order t o  collect and assess avaluati-an data and present operational results, 
the STARPAEC system was broken d m  into five functional subsystems. Figure 
2-1 gives the organization for evaluatim purposes of the f ive functional SI.&- 
systems ccarprising S!L!ARPAHC. This organizatfca permits the medical and engineer- 
ing presentation af operatianal results based an the evaluation data collected 
and analyzed. 

Engineering evaluation h t a  w&6 collected for twenty-f our teleccmmunlcatica 
equipment (IICE) types, ccanptxter hasdware and software, each of the mador opera- 
t iona l  fac i l i t i es ,  and logistic support;. Medical data was collected on the health 

care personnel performance, the patients acceptance of the system, the quality of 
care provided, and the health care personnel i n t emc t im with the telecammunica- 
t im  equipment. A f-t t o  acquire accurate cost data evolved fran this system 
orpnizat im.  

2.2 sYs!mM ASSESS= 
2.2.1 ProJect Philosophy an8 Goals 
The S!l?ARPAHC project goal was t o  provide, through demonstration, comprehensive 
and accurate inf'ormaticn ab& the feasibi l i ty  of the STARPAHC concept as a 

solution t o  the problem of quality health care deliveqf t o  peap3.e in remote 
geographic areas, and at the same time, gain information far space planning 
uses. This includes information as t o  the aperation of a relatively sopnis5i- 

cated "telemedicine" system Rmctioning in a mal area. ( S W A H C  is, at the 
time of this repart, s t i l l  the most advanced telemedicine system anywhere in  
the -7orld) 

lh order t o  evaluate the degree of success of a demonstration project and give 

system operational results, it is necessary t o  answer the following types of 
quest i a s  : 



I -  

I .- i 
- 
4 

z” 
Z 
0 
v) 

w 
& 

x w 
H 

2-2 



Question 1. 

Answer 1. 

Question 2. 

Answer 2. 

Question 3. 

Answer 3. 

Question 4. 

Answer 4. 

H a s  the necessary &ta been accurately collected and reasonably 
evaluated regarding the  objectives stated above? 
This system repart on operational perfcrrmance presents data t o  
answer the first questi cn. 
To whcm have the proj-ct operational results 3een demorstratea? 
The second questian refers t o  those demonstrations occurring during 
the evaluation period ard its response includes a lengthy list of 
other telemedicin? projects, corporations, professional associationc, 
governmental agencies, universities, consumer groups, individuals 
and representatives of foreign gcverments who have visited the 
project site during the  2-year evaluation period, each receiving 
the information available at the  t k e  of the visit. Such a list 
m i b t  also include the audiences for  the motion picture "SWAHC" 
produced by NASA, those who attended professional coderences, 
conventions, workshops, etc., where papers abotrt the  project were 
presented, plus others who have read the a r t ic les  publi-hed in  
g-rofessional journals and the m a s s  media. 
Are the health services that are being provided t o  the Papago i n  
their remate v i 3  lages satisfactory? 
Providing service has been, ob-rlously, of the highest pr ior i ty  
t o  the  entire S'PARPAHC team. The i n i t i a l  agreement formulated 
by IHS, the Papago Tribal Council, and NASA when the Papago 
3eservation was  chcsen as the demonstration s i te ,  stipulated 
that should the S!WRPA€IC project have failed t o  at least  sat isfy 
the  major objectives of t he  health program, or overburden the  
minimally staffed health delivery system, then there waulZ be 
no fur ther  operation within the present site. 
JHS decision to continue the major portions of the present te le -  
consultation system with dollars that otherwise could be used in  
other ways i 'lealth service prcgrams, is  in itself a ;slue judg- 
ment about the success with which service has been provided. In  
addition, the Papago people have reported on the success, accegt- 
abil i ty,  and value of the health services being routinely provided 
in  t h e i r  remate villages. 
Haw w e l l  have the  equipment and logistics sjstems qnd the i r  su??ortbg 
aperational functions acccmmod%ted the needs of the health care 
procedures (direct and indirect), necessary t o  remote delivery by 
telemedicine. 
The canmercial off-the-shelf equipment selected f o r  STARPAHC has 
proven dependable, re'iable, and easily maintaluble. @it of 
7390 telecmmunlcatians during the two-year p e r i d ,  there were 
only KO failures, resulting in  a 98.3$ performance acceptability 
ratio. 
stops per week, lost  only 13 days of s e n i c e  in  the t w o  years af 
operation and traveled 26,940 miles. 
were scheduled for major maintenance of the MBU. On only one of 
those days were alternate c l inic  arrangements not provided t o  
the village scheduled for  service. 

The Mobile Health Unit (MHU), on a schedule of four village 

Twelve of the those days 
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Question 5. 

Amsuer 5. Part of the f i f th  question can be ansered briefly, at least 

What has bezn the hnne&ate and the long-range efYect of the  
proJect f ollaring canpletion? 

far the preseat. 
mbe bapc ageed t o  amme the reepaolsibility far the contimm- 
t ion of opemtiam be- tbe arigipal 2-year evahmtiaa perid 
af the project (to A p r i l  30, 1978). 
interest In caasi3eriag the capabilities a9 this dezanatrsticm 
system as a "test bedm faa future f i e l d  trials of d c a l  SUFP- 

applicable to the health care of hmnns in spsce esd far applica- 
tlaa of space technology to the public sectar-  

',ne war question &art the future applicatiaa of th bmledge 
a& experience gained durbq t k f s  tuc-year STARPAE &e~arStraticm 

be the ficai evaluatpr; hwevez, the  data cmiled in the S!I!AEPAEC 
reports v i l l  surely serve to guide tiecisiaa miking ?recesses far 
f'uture -cine yrojects as a "bandbook" t o  designers 
rpd operators of tclecdicinc systars. 

The IBS, Se11-s Service U n i t  and the Pspago 

lpAsA ell mai~tain an 

em aad 8yS"yeEls. It d l 1  bt O f  V d U C  t o  8.h h l a U 1 c d g C  

perid, O b V i o u ~ ~ ,  canoot k wi in t h i s  r ~ p - 0  ! fb~  wi l l  

202.2 SyStaG GMlUatiOL Plan 
The STARPAEBC evaluatiao plan established prior t o  the s t a r t  af f ie ld  opratiom 
was strzckzad to provide data and l n f a x t f a a  for the system assessment. Eercs, 

agency participating ir the den0aStra';fan pro?ect incarpomted their pzdox=ance 

ob3ect'-ys into t he  plan. 

In summy,  these m e :  
NASA objectives were to: 

o Provide data far developing health care far &future marzned 
sylscecraft. 

o Detersine the  effectiveness and exporctability of the S!CMPAIiC 
technique far inxproving the rielivery of guality health care t o  
renote papulatiars. 

The IBS and the Papago tribe -anted t o  improve healtk care delit-erf to a previously 
underserved populatian by utillzlng support t o  recently t-ed Ccnm;Pity K e a l t t  
Medics whan also serve many functims beyond that of being assistats t o  plmary 
care physicians. (The S'IARPAIIC p o j e c t  offered IIpj an opportuniiy t o  le- w h a t  
kisld of consulta%ive support was aeeded bq'nedics who delivered health cere in 
places 2emcved ?ran the physical presc- -e of physicians). 
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Specific evaluation objectives established prior t o  uperaticn, were t o  provide 
exsuers t o  the foUOuiIlg questians: 

1. 

2. 

3- 

4. 

5 -  

6.  

?. 

8. 

9-  
10 0 

ll. 
12. 

13 

Hov d e s  the ut i l lza t iaa  of heal. services canpre before and 
after s!MRP.AEC operatioar 
Is the w t y  af care provldrd under S!l!ARPAEC equsl t o  ar better 
than that pretriauslg pravlded? 

Ear did the utilieatiaa 09 S!MRP' telecmnuunlcaticm equipment 
slqj&+rt health care in terms af health problems? 
Uhat mas the level and usefulness crf voice and video cansultatioas 

vhat uas the d af teleconsultations in the view of the phpsicira 
andtheaim 

lkternirae by researct evalmticn the diagnostic velue af Slar Scan 
TV in tbe turns cf radiology, patient rnainrtion, a d  microscopy? 
wbst was the quality, purpose, snd uti l izat ioa of the TCB, cafiputer, 
fhdllties, persoemel, and logistic suppart? 
bihst 'p(=E Items received high or lar usa&e and 
O f  wbat mlue were the medical aid sofbmre programs t o  the providers? 
h b t  were the a t t i t u l e s  of the patients and providers t o  the STARPAHC 
cmcept aud 'mholagy? 
What is the cost for aperat- SIMPARC? 

What benefits can be derived fran STARPAKC that vill be useful for 
Arhve plsnners of another telemeOicine project? 
What recamelldations can be &e for specific -pent, coafigura- 
ti-, and decisim-mklng for -le m o t i e l s  af STARPABC? 

betreen tk cm/Physiciaa? 

For the system evaluatiarr, Figure 2-2 I l lus tmtes  the etialuatim goals and 

pmcesses. A s  nated i n  the figure, ncuthly data retrievels are slmrmnrized 

periodically in  the fam af semi-aunual eva1uati.m reparts. 

medical data have been coordinated between d S C  and raS aad have been integrated 
in this repart. Cost data reflects inputs frat all participating arganizaticms. 

The hardware and 

For achieving the meOical evaluation ob:ectives, a nethod was estabiished to:  
(I: document f ie ld  act ivi t ies ,  (2) interview the health stdf ,  the patients, 
and cumriunity residents, (3) proviOe special evaluation forns t o  be c-leted 
by the health providers, (4) review end axx3V-e the cmputer printout for t e le -  
c.crmmmication data, and (5) perfom a detail ccst analysis of the health care 
system cmrelated with a hardware cost stuciy. 
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For achieving the  herdvare evaluation objectives, a method w a s  crstabliahed to:  
(1) acquire f ie ld  daza by dai ly  data collection i n  nmual records by the s i te  
personael, ( 2 )  incorporate tk data in to  computer-based logs, (3) reduce, rmabre, 
interpret, and canpare the r a w  data t o  obtain specific answers t o  sa t i s fy  the 

stated objectives, and (4) perfom a calibration ~ o g r a m  which affords an insight 

into any perfarmance change in the vicieo/audio links of the system. 

A cost accounting system was developed and implemented that provided the cost of 
opemtiaa and maintenance. In  addition, there are 3 independent investigations 

conducted by IES a d  by RASA that SuTJplemexxts the final evaluaticm: (1) quality 
af care analysis by IEj far certain specific diagnostic categories, (2) study 
of' the  history of t h e  planning, developuent, and implementation of t h e  S!L!MPAEIC 

Project t y  Rashid Bashshur, Ph. D., University of Michigan for IIE, and (3) mAsA 
conducted a space-ar:',ented Medical Evaluation contracted with the B e i n g  Ccmpany. 
Results of these s t u u e s  ha-* been incorporated in to  t h i s  report, as appropriate. 

2-7 



The Medical Evaluation Plan, Appendix A, was designed to achisve the  goal oi 
assessing the impact of S W A H C  on patient health care. To quant i ta t ively 
evaluate the impsct a d  assess the imprcr..emext, studies were carr ied aut fo r :  

1) u t i l i za t ion  of health services before and after S W A H C  operation, 2 )  qual i ty  
of health care, and 3) medical u t i l i z a t i o n  of STARPAHC f a c i l i t i e s  and telecamnuni- 
cation capabi l i t ies .  Epcif i= a_uestiaas answered me: 

o Is it an improvement over the  preSTARPAIK) system? 

o Is the system improving qual i ty  09 care t o  t h e  Fapago people? 

o Is the use of the STARPAHC facilities and telecammrnication 
capabilities supporting t he  heal th  delivery system? 

2.3.1 U+*limt+..a of Health Services Befolle and After S W A E  Operation. 

Basellne data on prior-toS!PARPAHC operation was collected for the years 1970 

through Apri l  30, 1975 and canpared against the  STARPAHC Ist year (May  1, 1975 
through Apri l  30, 1976) and 2nd year (May 1, 1976 thraugh A p r i l  30, 197")- 
Three s e m a t e  studies -me i n i t i a t e d  t o  es tab l i sh  the role cdr the  ava i l ab i l i t y  

of advance6 telecomntnications through the STAR€'= Program. 

The district of residence of the pat ients  were g r w d  i n t o  regional areas 
depending upon the one health service si te closest  t o  the district, and the 

site where the  greritest proportion of each d i s t r i c t ' s  u t i l i z a t i c n  occurred. 

For example, the cent ra l  d i s t r i c t ,  Sells, wes the S e l l s  outpatient departnent 
for the greatest  proportion of services. 

residents of S e l l s  a lso  receive home visits, and u t i l i z e  the other sites such 
as the  San Xavier and S a n t a  Rosa health centers, and the mobile c l in i c ,  but 
use them proportionately less. 

Thjs is a l so  the closest  site. However, 

The ambulatory services i n  the  tables of t h i s  subsection include all reporting 

points and categories i n  t h e  canputerized Health Infomation System (HIS). 
canplete l ist  includes : 

The 
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1. 
2. 

3- 
4. 
5 .  

6. 

7. 

8. 

99 

10. 

11. 

Sel l s  hospital outpatient department 
San Xavier Health Center 
Santa Rosa Health Center 
The Mobile Health Unit 
Field cl inics  at Pisinino, Chui Chu, Sa.nta R o s a  Ranch, 
and other locatiaas 
Hane visits by a l l  providers, i.e., Public Health N u r s i n g ,  
Cmmnlty Health Representatives, Mental Health Workers, 
Disease Cantrol staff and others. 
Office visits t o  Papago Dlsease Control and Fapago Nutrition 
Pr-6 
School visits t o  special cl inics  such as for imxunizatians, 
and mental health programs 
Outpatient visits t o  ccntract care facilities such as the  VA 
Hospital, St. Mary's Hospital, University Hospital, Tucson 
Medical Center, Pima County Hospital, and others 
Sites that ei ther  are unspecified or unlmown, but a visit 
was known t o  h&ve occurred 
V i s i t s  t o  tribal ccnmunity centers for  certain special 
services such as provided by the  Papago Nutrition Program 

Fi r s t  Study - Base Year/Pre-STARPAEC/Sl%RPAHC Y e a r  m r a t i c n .  
ccmpared health service ut i l izat ion for: 

!The f i r s t  study 

o Base ye- (May 1, 1973 t o  April 30, 1974) 
o PreSTARPAHC Year (May 1, 1974 t o  April 30, 1975) 
o c W A H C  Ist Year (May I, 1975 t o  April 30, 1976) 
o S m m  2nd Year (May 1, 1976 t o  April 30, 1977) 

Three canp&risons were made, the first was between the base year and the pre- 

STARPAHC par, the second was between the preS!CARPAHC year and t h e  lst SWAHC 

par, a d  the t%rd was between the  preS!LlARPAHC year and the 2nd STAR€'AEC year. 

Tables 2-1, 2-2, and 2-3 lists: 1) the number of' visits and percent c u e  t o  
a l l  ambulatory health services; 2) the r a t i o  of patient embulatwy care visits 
t o  number ai? patients; and 3) percent of population uti lfzing any mbulatory 
health care fac i l i ty ;  respectively. 
the nine d i s t r i c t s  cmprising the Papago reservetion's main bociy. 

The wmbers and percentage are given for 
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The general health objectives of the  Papago Executive Health Staff and the 
Indian Health Services were stated as a goal, "To bprove the health of the 
Papago people t o  the highest possible level and t o  assist the Papago people 
t o  live i n  harmony with t h e i r  environment." 

The STARPAHC system was designed t o  assist in  meeting th i s  goal by prcviding: 

o A mobile health unit t o  increase ut i l izat ion of health 
sel-rice i n  the  three m o s t  western d i s t r i c t s .  

The results of the first study indicates that t h i s  goal of the Papago health 

s tdf  and the  Indian Health Service regarding the  ut i l izat ion of health 
services by the three most western d i s t r i c t s  
of increase in  a l l  factors, (I) pa t i en t  visits; (2) r a t i o  of patients t o  
patient ambulatory care visits by dis t r ic t  of residence; and ( 3 )  percent 
of t o t a l  population using services measured; has been the greatest for those 
d i s t r i c t s  whose closest and most frequently used health service f a c i l i t y  is 

the mobile unit .  

have been achieved. The r a t e  
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A t  present, it appears that the  bcreased hune visits, increased use of Se l l s  
OPD and the nobile unit accounted for  almost all the increeses in the  three 
western d i s t r i c t s  in about equal proportion. 

Second Study - Comparable 12 Month Periods Since lS70ISTBRpAEC Year. 
second study compared health service utilization for: 

The 

o Ccmpsrsble =-month periods since 1970 
o spARpABI= Year crproared t o  pre-STARPAHC years 1970, 1971, 

1972, 1974. 

In this study, only visits t o  IRS facilities on the Papago r e s e m t i o n  were 
tallied. V i s i t s  included those t o  the dental service at Sells, Sen Xavler, 

and Santa Rosa Clinic. V i s i t s  excluded were  visits t o  other dental services, 
a l l  patients who were either admitted or discharged fran eny hospital, and 
outpatient Vrsits t o  the Sacaton Service U n i t .  

In generel, the  conclusicns of t h i s  study support the  conclusiom of t he  first 

study, but the mtes cannot be direct ly  ccmpmzd because of the different 
methodology. 

The following i s  a summary of the m j o r  analysis for the  seven objectives 
covered in the second study. 

F i r s t  Objective 

o To campare the growth In the total  demopayhic regis ter  versus 
the u t i l l z ing  population . 

o To perceive cy- "real increase in u t i l i z ing  pqulation",  pzz i cu la r ly  
with regmi t o  any MHU-served areas. 

Findings : Rate of pupulation growth between CY 1970 a d  FY 76 i n  the  

three western d is t r ic t s ,  on the averqe,  exceed that of the m a k i n g  

dist r ic ts ;  1.5 times greater in the case of huographic bese and 2.3 
times in the case of u t i l i z ing  papulation. 

I n  the esse 09 MHU activity,  the trend i n  demcgra3hic regis ter  increase 
i n  the  three vestern d i s t r i c t s  was zccelemted, p u t i c u l a r l y  the u t i l i z k g  
population count. 
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second Objective 
o 20 compare the develqment af IHS clinic util ization levels, district 

by district and overall. 
o To perceive any "real" increase in UtiUzation rate, part lcular2y in the  

diatrtcts served by the m. 
Plndings: Since 1970, u t i l i z s t i a u  has increkaed in all districts 09 the 
reservation, m a w  so in wane tban in &hers. 0vera.d - , the increase has 
been quite stibstantial (abo& ll$ between 1970 ana 1976). 

Thc trend towards ut i l isat lcm increase has also involved the tlvet western 

district80 He& the increase over the 1970 rate YBS 24s in 1976; k.T$ af 
this occtrrring in the period of MHU service. This may indicate that the 

ublllzatian rate Increase during the MEU-served period was mostly part of 
the 
accelerated by MEU activity directly. 

trend towsrd incrtased uti l izat ion,  and at best, only m o d e r a t e l y  

Third abjecti.pe 

o To make a genexal ccmparison of warlclaad (outpatient v i s i t )  distribution 
the cllnical facilities, by d i s t r i c t  and overall. 

o To determine geographically influenced utillzation patterns of cllai- 
crpl f a c i l i t i e s  cm t he  Pam0 Reservation. 

Findinm: 
&hers, 'phraugh the yeara, the general trend is increased trtfflzation crf 

Sells cllnic serves all. reservation d i s t r i c t s ,  sane mare SO than 

S O  by all districts, U r C q t  xavi~.. 

San Ztsvier CWC serves San % v i e  district and the aff-ressrratlon gqpula- 
t i on  ( T U C S ~ )  almost entirc'iy. 

Santa  Rosa c l in ic  scrms primarily Gu Achl, Hicklxan and S i f  O i d a k .  In 
1970, it fWk SlibSt&IMal ~orkload A . c ~  GU VO and PiS-0. 

The Pisinimo camunity c l i n i c ,  in the ' p a r s  It aperated (1 day a week) took 
care of a s a s t a n t i a l  amount of the workload a t  Gu Vo as well 88 the 
Pisinimo district. 

The MU serves the three western d i s t r i c t s  a3nost exclusively. Ln its 
time of operation, 3 h s  absorbed all of the Pisinlmo CWC wmkload 

and %pparently about 116 of the Sapts Rosa c l ln ic  workload. 
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Fourth Obiectivc 
o To show the per capita IHS c l in ic  ut i l izat ion rate, based on the 

u t i l i z ing  population. 
To compare per capita ut i l izat ion levels among the d i s t r i c t s  and to  show 
the chaoges occurring since 1970. 

o 

Findings: The general trend toward increased per capita u t i l i za t ion  is 
unmistakable. Sane d i s t r i c t s  lagged behind &hers in attainirrg increased 
per cas i ta  utilization (note Baboquivari, Gu &hi, Hickiwau, and Schuk Toak 
in the i h - 1 9 ~  chsnge c m s a ) .  ~n 1976, most 
levels betwr-a 6 and 7 vbits per utilizer per ye=. 

the d i s t r i c t s  attained 

Substaxtial increases in per capits u t i l i za t ion  in Gu Vo end PiSinimo were 
found in the 1970-72 c-isons, while substantial gain in Eiciriwan first 
shows i n  the 1972-74 ccmgarisoae. 

The gains in per casita UtLlization in Gu Vo and P i s m o  probably were 
stimulated by the  opening and operation of the Pisinimo c l in ic  (1 day a 
week). !i?he g- in Hickiwaa probably arose? fran increase i n  S a t a  Rosa 
catreach or 3ncreaseO avaiUb?lfty of transpork t o  Santa Rosa. 

Ostensfbly, Hickim alone shows greatly increased per capita Util lzstion 

in the I W  W.tiVitr pmid -- but it is micult t o  s ~ y  tbt this W&8 

caused by the MEN alone, since the trend s t a r t e d  between 1972 and 1974. 

Fif th  Objective 
o To show the change in problem-specific worklosd betveen CJ 1974 and 

FY 1976 (June 7jJuly 76) the "year ae the MEV' . 
o To detennitre whether 8 local surge in disease prevalence might account 

for differences in utilization levels, 

Findime: Except far "Other Bactergal and Parasit ic Diseases", the  surges 
or declines in services for particular problems appear to be rELtlilan. Since 

visits for 'I other bacter ia l  and parasit ic diseases" accounted f o r  only 5 s  of 
the visits in 1976, both overall and the "3 Western d is t r ic t s" ,  the apparent 
increase is insignificant. The overall conclusion is  that evaluation of 
ut i l iza t ica  is not affected by shifts in probletn o r  disease prevalence. 
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sixth Ob$3ctive 

o To c-e W t r i b u t i c  of workload among the m a h  f a c i l i t i e s  senring 
the western d i s t r i c t s  with r e g a d  t o  disease probleu categories. 

o To ascertain whether nature of problem na;y have caused selective (or 
discriminatory) u t i l i za t ion  of facilities. 

Findin~8:  
particularly when ccprparing the Sells clinic and MHU. The higher levels of 
MEU u t i l i za t ion  (accaurrting for 44 t o  565 of the visits within problem 
class) i n v o l a  the infectious disease problems plus cardiovascular and 
musculoskeletal prablems. The Ugher level c i f  Sells u t i l i za t i en  occu2.red 
with t.llbercdtosis ( m o s t l y  preventive cere), venereal diseaae, neaplasms, 
metabolic-nutritional, mental-behavtoral, neurological, and digestive 
(mostly dental) problems. The canbined u t i l i za t ion  of Sells and Santa  

Rosa caused a las utilizatim of the MHLf (between 29 and 38$) in 8 remain- - problem areas. 

The nature of the  problem &vlously affected fsci l i ty  ut i l izat ion.  

Seventh Objective 
o To show the changes i n  ukilization of the princLp&l c-ical f a c i l i t i e s  

available t o  the western d i s t r i c t s  since 1970. 
0 To show 8pccific u t i l i za t icn  levels of Sells, SpJZta Rosa, Pisinimo, aad 

MHU cl inics  and changes occurr- chronologically. 

FindiaRs: 
(2) The MHU has, in esaence, taken up the  losd of the closed P i s m o  cl inic ,  
and has caused decreased Hlckiwan tr t i l ization oi the Santa Rosa clinic, (3) 
Years before the MKU arrived, there was decreased u t i l l za t ian  of the Santa 

Rosa Clinic, by Hiclciwsn (and even Gu Vo) between 1972 and 1974. An eerlier 
drap In Gu Vo uti l izat ion coincides with +,he Pistn4mo clinic qperational 
increase. After 1972, the physician was replaced by a CEM at Santa Rosa. 
After 1972, all d i s t r i c t s  increased their ut i l iza t ion  of the Sells OPD, 

especislly Hickiwan, Gtr Vo and Gu Achi. 

(1) llhe u t i l i za t ion  a9 the Sel ls  f a c i l i t y  continues t o  increese, 
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(1) G i l a  3end d i s t r i c t  reslderrts m~ ucclu&d f'rurt this analysis. 
(2) Papulation Cat8 used is based a Septenber 1975 infomaticn as reparted frca; Itc: 
(3) Source - printouts. 
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1. 

2. 

3. 

4. 

5- 

6. 

7. 

8. 

9. 

10 . 

GuVo is a% the b m  of the list in the 

gct service, but ranks  hi@^ in the avenrgc rmiber & v i s i t s  per 
ab pqpukbiarvho 

UtllfziIg pogulatiap. 
visits by m l i c  Wth mrsing p u s a m e l  drqp_wd sharply in 1m 
a h ~ v e  not h&aincd 1972 leve!ls d service in aqp district except 
Sau xicrvier, where in Ff 1976 they exceeded the 
Patients living in the P i s m o  and sl?s xavier distr ic& tu=e tne m o s t  
Ukely t o  receive hane v i s i t s  f m ~  P H 8 p e r s d  while those living in 
t& Sel ls  and Eicki-van district are the least likeJy to receive twch 

-ervlce. 
Gu Vo patients average m o r e  ham visits p c ~  popuhtiau but rsnk third 

(behind San xavier 

The largest decline in hane visiting has been in districts 01, 02, 03, 

hcme cant3cts. In FY 1976, the percentage drapped to sir percent. 
Total hcme vlsits have Increased by a percentage af the total health 
service . 
kqs ic ians  assfstants visits have increased t o  residents of all districts 
with San Xavier shavlng the least increase. 
Males outnumber females fn s i x  of the ten districts (Gu Vo, Hickit(ian, 
Pisinimo, Sac Xa*er, Chuscut Kuk, ani Schuk Tosk) but oulqatient, field 

Visits show about, 57 _yercent f a a l e  to 43 percent male r a t io .  
see prqpmiodly aare males than do CBM's. 

1973 l eve l  of s&cc. 

Piglnimo) in hcne visits by PBE pcrsoaccl. 

07, ami og. In 1973, ninr pcrccpt of ay corrtscta were Fepcakd as 

Doctors 
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Dentists repart mare *its to mai-3 than fapales in Gu Vo, Hickiwsn, 
8nfl risinjmo districts. 
In those instances VlZeFe all service reparted hms bten at the MRU 
(sept. '75 t o  ML~.  1 'N) fcmalts vere seen m average of 2.3 ti;mcs 

each vbilr mdes 2-Ovlsits Mch. 

(IdLY at Salls do CHH's see m a m  males than they do faDlrle patients. 
Them has been an hcrease in tbe mber of patient coartacts by tribal 
heel* workers. 

strrndbythenrobilelmit. 

made t o  RE'S as primnry provider, 

(4 year totsl). 

The largest incrssse is seen in the three districts 

V i s i t s  t o  LPE's as prbary provider is  apprrrr4mntely double the nun- 

the four year pried there h s ~  been a total of 6,978 visits t o  

tribal health warm and a third crf these have been hamc visits. In 
FT 1976, hme visits accounted for over haU of the tribal visits in 
tke NEHl districts, but less than hall af those ia Sells and all other 

districts were hane visits. 

2.3.2 Quality of Health Care 

The principle objective of the SraaPAHC project vas to increase accessability, 
increase u t i l i za t ion  of mu-physicians t o  provide direct health care, while 
improving the quality of care delivered. 

This selection w i l l  address concern about the quality of care for  cer ta in  
indicators t o  denote the level of achievesent for specific goals or standards. 

These indicators were selected based on the following criteria; 
be performed by variousl: ski l led primary providers (i.e., not only those per- 
formed by physicians), 2) health conditions that a re  both conrmon i n  the population 
and also amenable t o  resu l t s  from available therapy, and 3) study areas that  use 
data routinely stored in the Health Information System (HIS) computerized data 
base for  a l l  patient encounters. 

1) tasks that  could 
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Three conditions were selected 011 t he  basis of t h i s  criteria, 1) one cammn 

condition where screening and preventive tasks  are closely re la ted  t o  
outcome -- prematal care, 2) one acute  condition -- gas t roen te r i t i s  in 
children, and 3) me chronic condition -- hypertension. 

Three methods of data analysis  were used f o r  each condition t o  answer t h e i t  

questions: 

1. 

2. 

3. 

4. 

Do the  patients uho regular ly  visit w e l l  equipped facilities s t a f f ed  with 
higher sk i l l ed  providers receive t h e  same qual i ty  of care fo r  episodes 
over a six m n t h  period as those who visit o ther  smaller sites s t a f f ed  
with less trained individual providers? 

Has there  been an increase in qualitp of care during the  time when t he  
STUP' telemcdicine system was implemented as compared t o  p r io r  times? 

Is the  same quality of care f o r  each pa t ien t  v i s i t  provided by physicians 
and CEMs? 

Hppe the  people l iv ing  i n  those caarmunities, t h a t  have experienced s i g a i f i -  
cant increases in heal th  service u t i l i z a t i o n ,  received the  same qual i ty  of 
care as those residents  of comuni t ies  who are consis tent ly  h i @  u t i l i z e r s ?  
e.g. western d i s t r i c t s  pa t ien ts  compared t o  S e l l s  d i s t r i c t  pa t ien ts .  

Xethod Analysis of Patient ' s  Cars A l l  s tud ies  used the  c q u t e r  programs 

developed by the  Experimental Hedical Care Review Organization (EMCRO) projec t  

s t a f f ,  a t  the  'IHS-0 (with a grant from the D?lEbi National Center f o r  Health 

Services Research). These programs were wr i t ten  t o  u t i l i z e  the  data base of 

the  Health Information System (HIS) which is primarily built from a l l  pa t ien t  

encounters(uith prwiders)wFthin the  S e l l s  Service Unit System. 

' 

The f i r s t  method of analysis  used an EMCRO algorithm tha t  assigned individual 

pa t ien ts  t o  only one site for  a six months period, regardless of h a t  many other  

sites were u t i l i z e d  i n  the same time frame. The spec i f ic  algorithm used varied 

with the health condition and with the spec i f ic  indicator  measured. Generally, 

the pat ient  was assigned t o  the c l i n i c  h e r e  the  majority of v i s i t s  had occurred 

during the time frame previous t o  the frame being studied for  chronic conditions,  

and for  acute conditions, t o  the c l i n i c  most used during the time frame studied 

i f  those v i s i t s  could be linked t o  an episode of i l l n e s s  i n  the same time 

period. 
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The duratioa of uch t i m e  fr- was s i x  mths (i.e., e i ther  f r a a  January S 

through June 30, o r  fram July 1, through December 31). 

Four sites of health care were chosen for  comparisons. 
with physicians, registered nurses, pharmacists, dentists,  CMs, nurse practioners, 
licensed vocational nurses, laboratory and x-ray technicians, medical records 
clerks, and other persounet. One site was the outpatient department of the 
primary care (SO bed) hospital servicing about 30,000 ambulatory patients a year. 
The other si te was a w e l l  equipped health center near Tucson (60 miles from 
Sells) with about 11,OOO v i s i t s  annually. The latter site served a d is t inc t ly  
separate population for  the conditions selected for  study.- The two comparison 
sites e r e  serviced only by CHMs, licensed practical  nurses, and clerks and/or 
drivers. Laborrtory f ac i l i t i e s  w e r e  minimal .  Physicians saw patfents in  the 
health center at bimonthly speciali ty clinics,  but these accounted for  less than 
5% of the  S,OOO visits unnually. 

Two were alvays staffed 

The mobile unit  patients were served only by the CXM or  I9N, and averaged about 

3,300 annually. Harcptr, patients u t i l i z ing  these tu0 f a c i l i t i e s  also heavily 
used the outpatient department. 
t o  these cl inics  would not re f lec t  the numbers of v i s i t s  each made. 

Consequently, the number of patients assigned 

Results Analysis of Patients' Care: 
(Table 2-4 through 2-6) for each condition studied is  interpreted generally t o  

mean that  no s t a t i s t i ca l ly  significant differeaces in quality of care were 
detected between ei ther  of the two groups of clinics, or  among each c l in i c  
for the quality indicators measured. 
from the time periods July 1, 1374 t o  June 30, 1975 (before the STARPAEIC project) 
as compared with the t ime period a f t e r  the project started (from June 30, 1975 
t o  June 30, 1976). The study period identified as '*Itt on Tables 2-4 through 2-6, 

was the most recent time frame studied, from January through June 1976. 
others, 2 through 5 ,  represent sequential t i m e  regression periods of six months 
each (i.e. Number 2 - July - December 1975, Number 3 - January through June 1975, 
Number 4 - July through December 1974, Number 5 - January through June 1974). 

The information in the following tables 

Neither was any great improvement noted 

The 

2-22 



Instructions for readiug these three tables are as follows: 
1. 

2. 

Quality indicators are described i a  Note 1, bottom of Table. 
T h e  Periods - 2nd column givrr the t i m e  period during which 
data was recorded. 
The bit four columus give the f a c i l i t i e s  that  the prt ient  
visited. 
Rate percent indicates the proportion of patients Out  of the 
to t a l  patient8 e l ig ib le  that m e t  the quality of  indicator 
prescribed rate. 
the total patients seen for  prcnrtal  crrrainrtims encountered 
the health system by the 20th week of gestation. 
that 16.7% of a11 wanen who are eventtully hraM t o  the hospital 
care systea as being pregnant did not make t he i r  first encounter 
before the 20th -eek or' gestation. 
Number gives the t o t a l  patients seen at the individud f ac i l i t y  
for any of the quality indicators. 

3. 

4. 

For c+ranle, at S e l l s  -spital, 83.3% of 

This -lies 

5. 

Rates vere calculated from each indicator for tu0 groups of patients: 
at ''high risk" and those a t  "normal risk". 
in the E K R O  l i terature.  
nificantly from the to t a l  group r a t e  for most indicators and also for  some 

factors the numbers were small, only the rate for the t o t a l  group is reported 
in Tables 2-4 through 2-6. Value statements about the quality of care measured 
for each indicator are d i f f icu l t  to  nuke, considering the m u l l  numbers of 
patients involved, and the very low numbers of ei ther  deaths or morbidity 
instances occurring during each six months t i m e  frame. 

Those 
These terms are specifically defined 

Because these rates by subgroup did not vary sig- 

Evaluation studies have shown that  the EMCRO program8 are performing valid 

measurements for the data as stored 
have cosop8red the HIS data to  th8t entered fn t h e  Origin81 health record. 

Outpatient encounters were from 97 t o  997, complete, and 99.77. accurate. 
Diagnosis ranged from 98 t o  1007. complete and 98.1 t o  99.bX accurate. 

the HIS computer. Other studies 
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The following presents findings fran the three health problem evaluatim studies: 

Interpretations of Prenatal Study: (Table 2-4) 

Camunity IIealth Medics working independently achieved rates for 
the quality indicators ccmparable or bet ter  than physician staffed 
sites fo r  all indicators, especially in the aecond 6 months study 
period, accept preeclampsia screening. 
lApnbers of patients were appraximately equal at each site for each 
period. 

Generally, disease detection screen- rates are  low a t  all sites 
ia spi te  of the high rates at which pregnant vanen attend clinics 
before the 20th gestational week. 
Service unit  policy requires all prenatal patients t o  be seen by 
m i c i a n s  at least three times before delivery (Le. ,  at lst, 2nd, 
and 3rd t r b e s t e r ) .  M o s t  patients canply. Therefore, fewer patients 
v i s i t  the Health C e n t e r  staffed by the CHM, and mobile cllnic, but 
rather visit the physician at Sells. 
Only 6 of the  9 indicators are shown because uf' s m a l l  numbers of 
patients cr lack of date which makes comparisans useless. 

Interpre tations of Gastroenteritis Study: (Table 2-5) 

o Patients with episodes of gastroenteritis who W e  the majority of 
their visits t o  sites *re CHMs are primary care providers, had 
rates equal t o  or better than sites where physicians are primary 

o Data was retrieved for very few pstients/episodes i n  last study 
period (January - June 1976) as ccmpared with periods since 
January 1974. Reported childhood gastroenteritis has been 
decreasing in  all d i s t r i c t s  of the reservation for several 
years 0 

o Only 3 of the 10 indicators a? quality were  studied because of 
lack of visits t o  s i t e s  or law nmbers which made cunparisans 
useless. 

o M o s t  s i t e s  i n  the last study period (1976) appeared t o  be performing 
with equal or less quality than they had in  farmer study periods, 
since 1974, for the three indicators reported. The decline is 
attributable to  insufficient record keeping by C?lM's and M.D.'s. 
This m y  indicate a lack of interest in a health problem of decreasing 
prcvalance. 

PrOVlderS 

2-24 



I I 

' 81.8 

67.8 
12 

-- --f. 
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Table 2-5 

GASTROENTERITIS STUDY RESULTS 

4s. 8 
s4 

40-50 

16.9 
lgl 

I 

I 

~ 20-50 

I I 

NOTE 1 

23.1 0 11.4 
13 8 9 

4 0 4 4  0-38 so-ert 

5.0 13.3 10.0 
20 1s IO 

1s-50 28-30 0-10 

2 80-90 64-90 80-90 

GutrocnteriUs Oudity of Care Indicator8 W Used &cause of Either Small N u m k r s  of Patients or L.ck  
d Data for Ow or Mom Sites of CirC 

4. RirkASmrmantRate 
5. Pm.ariaoR8re 

6. Triage- 

7. Secoduy Prcvbntion Rate 

8. DdIJ'&8aOObf@. Rpta 

9. TotllA-kRate 

10. Tot.lEplrod.Rate 

Percent of 0 u, 2 year old6 r i tb  a risk level aasim 
Percent d pnti.ats r i tb Task A completely wlthin part 6 month8 (see 
hosocol for Disease Coatrol Workers) 
Percat of patLatr eplroda ia which dl rpproprfits r e f e r d  

Percent d psttents with excessive morbidity who rndrcd Tmk A 
.od stool culture 
Percent d dehydratal p.Uant .dmirrlons that hrd an initial sodium 
dotermiauioa .nd repeated If abmrmd 
Proportion d 0 to 3 year popllaUoa that had one or more episodes 
of GE in tbe rime frame 
Number d cpiroda d GE per population of babies 0 tu. years 

.dmtS&M -= d e  (880 8-8 for U r n 8  bdm 

?X)TE 2 

MHU o p m M  for only 3 of the 5 study periods 
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Interpretation of Trends in Quality of Care far  Hypertension: (Tab le 2 -6) 

o Cata  was  of sufficient size t o  tabulate mly 8 of 14 indicators.  

o Number of getients for each study period axe approximately equal 
except far #2, where peaks a peared during 3rd study period at 
Sells CPD and San %vier (MD P Health Center. Therefore, cmly 
rates for periods 2 through 5 are sham. 

o Little or no *hprOvement of most rates are evident for any s i t e  
since 1974. 

o The two sites where CHMS work independently have approximately 
equal or better rar;es for quality of care than sites staffed 
with physicians. 

o A l l  s i tes  have low quality rates far the artcane indicator for 
therapeutic effect (#8C) for the process indicators of those 
given medieatia (#), and those receidng appropriate follow- 
up visits (&), within the six months study period. 

However, paradcnrically, a l l  s i tes  have higher rates fo r  number 
09 patients with blood pressure "controlled" (6). This difference 
suggests t h a t  unknown factors, other than the prescriptim of anti- 
hypertensive drugs, are m o r e  important in the i r  impct on quality 
of outcane indicators. 

As a group, the hygcrtensive population is frequently seen by-  
the health s j s t e m  (&), and therefare, could be questioned 
regarding the impact of these other factors. 
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Table 2-6 (cont hued 

1. 

2. 

3. 

4. 

5. 

8.  

7. 

8 .  

9 .  

10. 

11. 

12. 

13. 

14. 

XOTE 2 

Pornat popllitlwl Scraewd. Thu ladieator lodu at the population whlch L eI@ble for s c r d w  
(owr 10 y e u s  old, no p r e v l w  dt8gamla of hyp.rtonalon) ud f l d r  the parcant of p.Ueat. who b M  
BP m...yr.mwLI la the put 6 moatha. 
S c r m m I n ~  Completion Ru.. lblr lndlcator iodu at the PaPllJioa whlch ia .elleibible for r c r d n g  
(over 10 p u r  old. no p m v i a u  Iagwrir of hyp.rtonslan) ud m u u r e a  the p r C W  d the P O p l ~ O a  
whlch is in comphncm wltb act- crlbri. (Le., not overduo). 
If my of tho follodmg critni. u a  mot. tb. pWat  la overduo for r c r d n g r  
L. 
b. 
e. 
d. 
e. 
Thcu crlterh & not .poly to pti.~u udmr 10 years old. A l m  BPI at quertfoeable rellablllg 
(m-remoala rJw in con~~~octioa witb ma, trauma. C.) a n  ignored. 
Percmt l f v ~ ~ r t m r l v ~  l l tamd.  TNa indicator determima tb. r0C.l number d active 
byperwaaiva  kmwn to th. h d t h  r p m n  and divider thh number by tba alimatad premlerse 
0.10 x tha number of pui.au owr 10. For example. if there are 5OC diagn01.d h p r u n r l v n  
.moly 10,000 ptlonu over 10. then tba percent of hyp.rtensivea -ad u 500/ 

Syatem Contact Rate. Thla indicator bob at al l  acUve hyp.rfm ve paUenta bdng c u e d  for In 
tho b r l t h  systcm a d  demrmlaas tb. percent rho have an enceountar with the ryatem (for any 
rnaon) &ring the 6-mmth smdy period. 
BP Control Rate. Thir indlcntor look, at all acUve hypertonaive patients In the h d t h  syatcm 
ud determiner the average BP for each d u r a  a 6-month period. If the a v e n g e  BP la lerr than 
140/90. the BP Is ununcd to b. under control. Active h.gertenaives rnth no recorded blood prer- 
surer la the study period are ucluded. 
Drul C o v e m e  Rate. Thls indicator m c u u r e r  continuity d care. It look &t a11 active hyp.rt4n- 
s ives  In the health syrtem and determiner the percent who are prescrlbad enoug!~ mcdicatlon to 
cover them for at least 150 day1 of Id0 d3y s u d y  period. For example. if there are 300 active 
hypertensives in UH rjslcm and 200 are covered by permrfptlona. then th. drug cove- rue 
11 200/300 = 0.667 or 66.7%. 

Follow U Rate 

a. Number rad percent of all h p r t e n s l v e  patients who. whlle not d e r  therapy. had a reduction 
of l h n m  or more IE either r ja to l ic  or dlrutollc blood preaaure dur iv  the m d y  perid.  

b. Same Y &eve. but for those treated wlth d r q r  before and dter ttesbnent. 
E. Numkrr and percent dlfferenn between a. rad  b. above. 

Indlcators studied but not rq..-rted because of lor  p t l e n t  numbers or Iack of data for me or more 
sites of care. 
C a r  Findim Rate. Ihlr . 
log of mdlagnord b y p e r t e n a i m  . h meaaarea the number of new h T p r u n r l o n  diynoser m d e  In 
tb. pat 6 monthr and dlvidedcr it by the eattlmated dt.(yoostlc backlog. Eatlmaccd b r k l q  = (0.01 I 
number of p t t e n t a  over 10) -number of prevtously d l y a o r d  hypenmsives. For  example. if at 
tb. start of a 6-moath study prlod. there are SO0 dlagrood h y p e m n r l v e r  among 10,000 p t i m t s ,  
rad If 30 new h y p e n e n s i w s  are found In the rtudy period. then the c u e  flridlng rate is: 
SO/((O. 10 x 10,0001 - 500) = 0.10 or IO$. 
Work PP Completion Rate. Thir ladlc.tor lodtr a t  p t l e n t r  rho were flrst d l y n o r d  as hypertenaivu 
aurlng a 6-month study prlod. Then It look5 to see if 36 EKC. cheat x ray. and swum K were 
ordered r i th ln  a 12-month period b n c k e t l g  the date of the dlagmrir. X d1 three teats were ordered, 
11 11 ar8wned that the work-up 11 probably complete. For example. If SO bypcrtenslrer were dln- 
noad pod 20 had a11 three teats ordered withla or -6 monthr from the date of d i q n o r l r .  then the 
nte of completloo is 20/50 = 0.40 or r e .  

No prevlocu BP on rwwrd 
Tho &st BP la over lSB/W and It la over  OM mmth r l a n  the hat BP 
A l l  mcordd BPI a n  U0d.r 140/90 and ?I L mom cha 5 yeus slnce tho laat BP 
k . r  three recorded BPI a n  udor 140/W ami 11 la mora thra 3 j u r a  r h o  the hat BP 
Any och.r BP p8tt.m proam& .ad I t  L mora than me y a r  alnce last BP 

(0.1 x 1O.OOo) - so%. 

pcrceat of hypertenrives who were treated and returned In time to malatala 
Gziii&KAtmenr. 

ator meaaurer how well the health syrtem 16 catching up on the back- 

ctdence of H f ~ r t m r l w r  Seauellae. "hi@ IadlcaDr measures  the  percent of hypertenrlves who 
velop stroke, coojertlve heart failure. or ~ I U I  failure (potmtlally prewnuble requel1.c) in the 

6-month study perlod. The resalta are multlpllod by 2 to glve a projected annual r i d e a c e  m e .  
F o r  Uomple. if 10 of 500 h y p e r t ~ ~ l v e r  develop major Carps organ d u n w e  in a 6-month rhdy 
prlcd. hen the pro]ectd annual lncldeace rate fa: (2 I lO)/SOO - 0.04 or 45. 
Yisred Dlaunoris Rare. Percent of tndlvidualr who meet maudatory dia@ostlc cr l te r ta  but who are 
undla#nosed. 
MortalimF!ate, H v ~ e n e n r l v e  Sequellac. Percent of hypertenrives who die from povntlrl ly p n w n u b l e  
Seqwil.c crtroke. coniertivc h e s n  failure. hypertensive renal diaerse. rupcurea aor ta  aneurlnmi in 
a year. - Dcnth Rate. Hmrtetsive Pattent#. Percent of hypenenalves who dle f rom mv c a w e  in a year. 

SIM' operated only two full s M y  p t i o d r :  Jm -.fun 1976 and Jul - Dec 1975. 

2-29 



Method - Analysis of Pat ient  Encountered: A second method of analysis  fo r  the 

same four heal th  conditions used an EMCRO computer program tha t  ident i f ied  

individual providers and the i r  performance for  each separate encoucter where 

any of the four conditions were noted in t h e i r  problem l is t .  

performance was compared with a l l  the other providers in the same category of 
e i the r  physicians or  community heal th  medics. 

the perfonnance of physicians as compared with non-physicians than the former 

analysis by c l in ic  s i te ,  but others,  such as nurses, may have done the  i n i t i a l  

data gathering and recorded t h i s  on the  encounter form tha t  would be a t t r ibu ted  

t o  the CBM i f  the  pat ient  was seen by a CBM a t  any time during the  encounter. 

As in  the pr ior  analysis,  pat ients  were c l a s s i f i ed  for each heal th  problem as 
e i the r  a "high risk" o r  "normal risk" patient. 
for  each type for  each v is i t  -- each provider, but not reported because there  

was l i t t l e  variance by type from t he  rate fo r  the  t o t a l  group. 

Each individual ' s  

This method would be t t e r  indicate  

Separate r a t e s  were calculated 

Results of Anzlysis of Patient Encounters: 

a l l  7 physicians with 3 CBMS and one nurse prac t i t ioner  for 14 indicators  

related t o  qual i ty  of care statements. 

The data i n  Table  2-7 ccmpares 

Table 2-8, presents the  similar data, but includes the  s i t e s  of service where 

the  majority of v i s i t s  for  each condition occurred. During the  six months 

study period, the  same CHM was assigned t o  the mobile c l i n i c  for  a l l  pa t ien t  

v i s i t s  (except a few t h a t  may have occurred during night o r  weekend dirty.) 

Similarly, the  same CHM was on duty a t  the health center where more than 90% 

of a l l  v i s i t s  (for a l l  conditions) occurred on days when no physicians were 

present. Regarding the physicians, almost a l l  v is i ts  a t t r ibu ted  t o  them 

occurred i n  the  Sells outpatient department except fo r  10 days when two 

physicians a l te rna te ly  v i s i t ed  the  CHM s ta f fed  heal th  center. 

was ra ted  on v i s i t s  a t  a l l  three s i t e s ,  but the majority of encounters were 
a t  t h e  Sells OPD. 
only 14 indicators.  

as generally similar for  both physicians and communlry health medics. 

The th i rd  CHM 

The data was suf f ic ien t  i n  number of v i s i t s  t o  compare 

We have interpreted t h e  overal l  patterns of compliance 
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Table 2-9 presents sane jus t i f ica t ion  for t h i s  interpretation for  both t h e  

patients analysis and t h e  encounter analysis. 
tha t  vould objectively veigh the importance o r  value of each indicator even 

for the same health problem. 

the i r  importance between health problems. Another general trend observed is  

that for the majority of indicators the performance rates of the mobile uni t  

is  equal t o  or bet ter  than other sites whether sta€fed by physicians o r  CEMs. 

There is no c r i t e r i a  developed 

This problem vould be compounded by rat ing 

Xethods of Analysis for  Q u a l i t y  of Care Received by a Population. 

vation vas divided in regions based upon studies pr ior  t o  STbapABc which 

indicated significant difference i n  accessibi l i ty  and u t i l i za t ion  of health 

services. Seventeen quality of care indicators were studied for  the health 

conditions of hypertension (7), gastroenter i t is  for  children (4), and 

streptococcal infection for  both children (3), and adults (3). The rates 
which which the indicator was achieved &ring STARPAEC operations were compared 

t o  rates for  the prior year for  each region. 

net effect  of the whole health care system upon a population - not j u s t  the 

individual effects  of clinics and providers as in the previous sections. 

The reser- 

This method measured that  

R e s u l t s  of b-.alitp of Care for  a Population. 

indicators are assigned equal values. The region senred primarily by the  

-bile un i t  achieved in the year pr ior  t o  STARPAEC the same rates fa r  34 
measurement indicators as the three comparison regions, had worse ra tes  for 

12 measurements of indicators (p =>.OS), and had f ive rates better.  After 

the STARPAEC project, the mobile un i t  region also had 34 measurements the 

same, but the number worse had decreased from 12 t o  7, and the number be t te r  

(p =<.OS) had increased from 5 t o  10 (pc.01). 

was i n  the rates  of performance of indicators for hypertension ( a l l  8); 

for streptococcal disease control ( a l l  6 ,  but smaller increment of improvement); 

least improved was gastroeti teri t is  (2 of 4 indicators). Visits for  both 

hypertension and streptococcal infections increased more ( i s 8 2  and +326%). 

V i s i t s  for gastroenterit is  declined i n  a l l  regions (-13%) and the decline was 

In the follovfng stnmary, a l l  

The greatest  improvement 

next 

2-33 



Table 2-9 

SUMMARY OF CHM AND PHYSICIAN RATE COBfPARISONS 
FOR QUALITY INDICATORS 

SELLS SERVICE UNm 

Health Problem 

1. Analysis: 6 Months 1976: 
Patient Care by Site 

CHM staffed Sites Compared to 
biD Sites 

Rates same *le 

CHM sites Less than MD 
Sites >lo% 

CHM Sites More than MD 
Sites >la 

Totals 

2. Analysis: 6 Months 1976: 
Provider Performance by Visit 

CHM same as MD ils 

CHM less than MD >la 

CHM more than MD >lo% 

Totals 

Number of Micators 

Prenatd G.E. Hypert . Total 

1 2 8 11 

2 1 1 4 

3 0 1 4 

6 3 10 19 

2 1 6 9 

0 2 1 3 

0 1 1 2 

2 4 8 14 
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greatest  in the region served t y  the Nflu (-65%). 

a l l  visits were analyzed fo r  qual i ty  indicator, the conclusion of these 

studies and others w a s  tha t  there vas a relationship between increased access- 
i b i l i t y ,  increased u t i l i za t ion ,  and increased qual i ty  of care for hypertension 

and streptococcal disease. 

Although only about 12% of 

2.3.3 Medical Uti l izat ion of STMUARC Equipped F a c i l i t i e s  and Tclecoammlcations 

Average number of visits t o  the Mobile C l i n i c  during each of the six-month 

priods was comparable. Although there  were s l igh t  var ia t ions i n  the month 

VI month comparisons, these differences were considered insignificant.  The 

th i rd  six-month period f o r  the Santa Rosa Health Center, showed a decrease 

i n  pat ients  vis i ts  when compared t o  the  other six-months. 

six months showed a s ignif icant  increase. 

-ever the last 

Uti l izat ion of Telecommnication. 

of the health delivery system has declined s l igh t ly  during the second year 

of operation. 

The use of telecommarnications fo r  support 

On Table 2-10, the number of patient visi ts  an6 number of consultations for 
the  four 6-month periods a re  s h m .  

There a re  two known reasons for  t h i s  noted decline, both i n  absolute numbers, 

and as a percent of patient visits. One i s  that  the data transmission system 

has been performing much more successfully during the second year of operation. 

Therefore, there is less need for  t h e  mobile un i t  t o  contact medical records 

a t  Sel ls .  

The mobile c l in i c  was out of service for only 6 days during the second year 

compared with 8 days during the f i r s t  year. 

standby t r a i l e r  equipped for  VHF/voice/data for a l l  hat 1 day of scheduled 

service. This year, more v i s i t s  t o  Santa Rosa were for routine school examinations 

Health service was provided by a 
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(September) and for  influenza hnunizations (October). These reasons for  v i s i t s  

are less l ike ly  t o  generate a need fo r  remote consultation. 

The need for ccmmunication between a comanmity health medic and a physician 

or  other health professional did vary with the  health problem o r  diagnosis 

The following conclusions are from data presented i n  Table 2-11. 

Some sor t  of cnrmunication mode (ei ther  voice o r  audio plus video) vas used 

most camnonly for  the followiag health problems: 

accidents, 15.7% of a l l  diseases of the skin, 21.4% of metabolic and nut r i t iona l  

problems, 20.9% of diseases of geni ta ls ,  19.X of mental o r  behavioral health 

problems, and 1 6 . n  of both urinary t r a c t  disorders, however a group categorized 

as "ill defined signs and symptoms"had the highest rate of 32.9%. 

10% of a l l  in jur ies  and 

This analysis is based on 12 months data (July 1, 1975 t o  June 30, 1976) col- 

lected for  3,648 v i s i t s  t o  the mobile health unit .  

remote consultation, but suff ic ient  information needed t o  l ink the  use of 

connrmnication equipment t o  a specif ic  diagnosis was present i n  only 346 or 55% 

of the t o t a l  connnrnication episodes. The most commn cause for  not being able 

t o  match the consultation with the diagnosis was  tha t  the mobile uni t  s t a f f  

was not required t o  f i l l  out evaluation forms for  calls transmitted over the 

VIlF or  MUX system and patched in to  the hospital  telephone network. Most of 

these calls were t o  the laboratory, pharmacy, o r  appointments desk. Of the  

3,949 diagnosis for  a var ie ty  of health problems t o  the  mobile c l i n i c  

teleconrmtnications were needed for 439 problems, about 11% of a l l  problems. 

A t o t a l  of 634 pat ients  had 

The mobile uni t  was used for  the above study because a l l  communications were 
monitored while a t  the health center usually voice commnications were held v ia  

the existing telephone system which was not monitored. The pat ients  u t i l i z ing  

both sites, however, showed a very similar dis t r ibut ion of diagnosis o r  health 

problems for  which communications were used. (See Table 2-12). 
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Table 2-11 

COMMUNICATION NEED BETWEEN CFlN A T  THE MHU AND THE PHYSICUN 
AND OTHER HEALTH PERSONNEL AT THE SELLS HOSPITAL 

Health Problem Tategory 

1. Accidents and Intcries 
2. Diseases of the Skin 

3. Metabolic, Nutritional, and Blood 

4. Diseases of the Genital System 
5. Mental Health and Behavior 
6. Urinary Tract Diseases 
7. SJrmptorns and Dl-Defined Causes 
8 . Cardiovascular Diseases 
9. SuppIemental Diagnosis (Routine 

Examinations, Well Baby, All 
Others) 

Disorders 

10. Maternal and Child Health 
11. Diseases of the Digestfve System, 

12. Diseases of the Ear 
13. Bacterial and Parasitic Infections 
14. Diseases of the Eyes 
15. Respiratory Diseases 
16. Other Problem Categories (7) 

Teeth 

Totals/Problems Diagnosed 

Total Patients Seen 

Number of 
Diagnoses 

298 

3 18 

206 

43 

41  

l20 
79 

284 

485 

175 

99 

250 

241 

119 

77 1 

420 

3,949 

3,376 

- 

Number of 
Communication 

Episodes 

30 

50 

44 

9 

8 
20 

26 

46 

43 

19 

9 

21  

20 

9 

55 

30 

439 

634 

- 

Percent of 
Problems 
Needing 

Communications 

10.1 

15.7 

21.4 

20.9 

19.5 

32.9 

16.7 

16.2 

8.9 

10.9 

9.1 

8.4 

8.3 

7.6 

7.1 
7.1 

11.1 

18.8 

- 

Note: Analysis is based on 12 months data (July I, 1975 to June 30,  1976). 
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Need for coarmmication €am the ambile uni t  is not the samc for each health 

problem category. The observed use of commnications is greater than the 

expected use for metabolic, a i t r i t i o n a l  and blood disorders; 

of skin; 
the expected values for  enteric and diarrheal diseases; 

disorders; respiratory diseases, and musculoskeletal disorders. 

for disorders 

and for injuries.  The observed use of collanunications is less than 
mental and behavioral 

The use of the video system by the s t a f f  on the mobile c l in i c  consultation 
followed a similar pattern for most disease categories (See Table 2-12) 

Viden-consultations were used for  12.72 of a l l  accidents and injur ies ,  12,3% 
of a l l  skin diseases, 7.8% of metabolic and nutr i t ional  problems, and 6.4% 

of ill defined conditions. 

high ra tes  of corrmunications need did not r a t e  high for video use. (e.g., 
m e n t a l  disorders, geni ta l  disorders and urinary t r a c t  disorders.) Almost  a l l  
video consultations were between the remote CXM and the physician a t  the 

primary care hospital. 
could be linked t o  one or more diagnostic categories. 

patient for whom a video consultation was held had more than one diagnosis 

or health problem, it i s  not possible t o  be sure for which problem the video 

vas used, unless the or iginal  health record had been studied. 

there i s  no obvious reason why the category of metabolic and nutr i t ional  
disorders should account for 21.4% of the cases t o  need communications. Since 

diabetes mef:itus with or without obesity accounts for  almost a l l  the diagnosis 

i n  t h i s  catego-p, and patients with these l a t e r  diagnosis also have a high 
incideace at’ skin hfec t ions ,  the r a t e  of 21.49. could very w e l l  include many 

of the patients with skin disorders which had a higher r a t e  of comunication 

needs (21 .9%)-  Therefore, data i n  Table 2-12 can only be suggestive of t h e  

types of health problems for which the f ie ld  s ta f f  thought video would be 

useful. 

However, the other categories vhich accounted for  

In Table 2-12, 82.52 of the t o t a l  263 video consultations 

In  the event that  the 

Fqr example, 
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Table 2-12 also canpares the relat ive frequency of health problems diagnosed 
at the health center with those for which the CHM initiated a video consultation 
with a physician. 
categories varied f r a n  the rates  for the  mobile unit .  
had the highest r a t e  (6.4$) followed by digestive' t race disorders (4.1$), 
urinary t r a c t  disease (2.6$), and skin disease (2.4%). Accidents and injuries 
diagnosed a t  the health center had a low rate far video consultations, 1.8$, 
ccarpased with the mobile unit rate of E."$. The health records printouts do 
not distinguish the degree of severity within each category, so the reasan for 

this  difference is not readily explained. There was a striking age difference, 
h a r e m .  
and injuries seen at the  health center, and f o r  al ly  1@ of those going t o  the  

mobile clinic.  Therefore, the health center probably saw proportionately more 
minm cases of injury due t o  the large boarding schooi nearby. 

The relative use of the television systems by health problem 
Ill-defined conditions 

School age children, 5 t o  14 years, accounted f o r  4 6  of the accidents 

Other reasons may also account for  the differences between these two sites. 
The health center is only 32 miles (40 minutes) from the hospital and the 

mobile c l in ic  stops are frm 45 t o  75 miles away (50 t o  90 minutes). 

Also, the  Health Center supplies several services that  the mobile unit does 

not. 
optcmetrists hold speciali ty c l in ics  once or twice a month a t  the health 
center. Several different CHMS rotate  assignment Lo the  hea l th  center, while 

the one CHM was usually assigned t o  t h e  mobile unit  and saw about 6546 of a l l  
the patients duriag the  time period studied. The different ra tes  for video 
consultstion for these two sites are sham in Table 2-13. 
patient visits and patient problems for the  health center, mljr visits t o  the 
CHMs 051 days when they worked alone (i.e., without physicians present), were 
counted. Total visits also exclude those who used the  dental services. The 
result is surprising because one would have expected the higher usage rates  
should be from the mobile c l in ic  because of the greater distances frun p r b a r y  
care physicians. 
uses of video consultations because of the differences in  relative proport ion 

Physicians , dentists,  public health nurses, physical therapists,  and 

In the total  of 

The mobile unit  might also be expected t o  generate higher 



I 

2-42 



of visits by disease ca tegor i tA as shown i n  Table 2-12. For example, pat ients  
for preventi-e services were not expected t o  need visual consultations as much 
as those for curative services.  
accounted f o r  13.4% of a l l  diagnosis as canpared with 19.5$ for the health 

center . 
Preventive diagnosis at the mobile uni t  

The use of videoconsultation by l eve l  of CHM experience was studied f o r  only 
those days when t h e  CHM was working without physicians present during a period 
of 12 months. 
health center were a l so  subtracted from the  number of visits. 

See Table 2-14. P-tients who visited only the dent i s t  a t  the 

There is a stb i s t i c a l l y  s ignif icant  difference in  rates (P =>.Ol, Chi Square 
tes t )  by the experience of the  CEM. The leas t  experienced used video consulta- 
t ion  f o r  8.2s of t h e i r  patients,  and the most experienced used te lev is ian  f o r  
less than 2$. 
t o  rank t h e  5 CHMs by t he i r  c l in i ca l  competence. 
as sex could account f o r  the same degree of statistical significance. 
female CHMs (1, 2A) show as much difference canpared w i t h  the two (2B,3) males 
for  use of video consultations. 

The same rank order resulted vhen physicians a t  S e l l s  were asked 
However, other fac tors  such 

Three 

Language differences is another variable because the two CHM trainees  spoke 
f luent  Papago, while the others did not. S t a t i s t i c a l  associations occurring 
during evaluation of f ie ld  trials are often subject t o  multiple interpretations.  

Reasons f o r  i n i t i a t ing  cmun ica t ions  f rm the  mobile unit and t h e  heblth 
center we= tabulated f o r  a =-month period. 

Table 2-15. 
help i n  e i the r  diagnosis or treatment. 

The results are sham i n  
The wide band system was most often used f o r  t he  remote physician's 

When the video was used f o r  "other" reasons, it was due t o  the desire of t h e  

remote CHM or nurse on t h e  mobile uni t  t o  be ab le  t o  speak w i t h  t h e  medical 
records staff v ia  interact ive te levis ion.  In other  words, the c l i n i c a l  
s i tuat ion d i d  not require the use of t h e  video systems f r m  t h e  mobile uni t  
i n  these instances. 
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Or the other band, the video consultations f r a a  the health center vere E ~ S O S ~  

exclusively received by physicims or dentists at the request of the CBH. As 

noted before, t!!e health ceater used the  regular telephone syste3 for almost 
a l l  their needs +ht could be handled vocally. 

'r"be treds as shown i n  Tsble 2-15 ari  anly cpproximate because this +Spametion 
was not areilr3le far at leerst 20$ Or all ham wide0 caasultaticas Pram the 
m o b i l e  unit, and far 60$ frcn the health center. ~bcnx t  60$ at a~ 
only mice rodallties fran the mobile url t  t o  Sells did not repart the reason 
far initiatim. 

us- 

Almost a. l l  those not reparted wewe we rob ably calls riade by the m s e  t o  zedical 
records, pkmnacy, ar Labaratary fcr patient iufornatim, t o  make appo+rrtmeats, 

ar t o  arrange for patient travel. 
varied greatly by eguiEmeot function (Table 2-16). 

Ibe use of television far medical purposes 

The reasons far l c rv  utilAzqtian of sane a9 these vice0 CIP audio rquipent are 
explained by the nature of the hcalth systen operetions plus the dissatisfaction 
of the users. 
transmission over the microscopic system. Since the nunber of patients far 
exceeded the des?, - load, p r i M t y  of the "provlMng services" time was e v e n  
t o  patient encounters (within the mited service time). 
at the health center were trained i n  the use of this subsystem, and lack of tine 
there was also a factor. The nature af the type of infections presented a l s o  

linited the need. 
population (except far pinvonns whose mazlifestations are ustxally visible t o  
the unai' -d e-) . This system was dismantied at the healtii center snd brought 
t o  the primary hosgital for research purposes UtiLzing the slaw scan video 
system. Resul ts  of these experimi-nts are reported in  another section. 
the video microscope inage transmissions via slow scan for blood disorders anci 
exfoliative cytology were successfully diagnosed. 

that wide-band transnissions would 

Too much t h e  was needed by the CHM t o  Fepare the specinens far 

not a l l  the CHMS w o r ~ n g  

For example, intestinal parasites m e  very rare in this 

Briefly, 

There is AO rzason t o  belie-re 
- .% had any less mi4 or reliable results. 
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Table 2-16 
USE OF BROAD BAND COMXUNTCATIONS BY TYPE FOR PATIENT-RELATED 

puRposES 18 MONTES OPERATIONS FROM TWO REMOTE LOCATIONS 

1. Televisiaa (7.5 G&) 

0 Color TV: Vie- 
patfmt 

0 Calor TV: 

0 Color TV: 
MiCrOSCOp? 

Endoscope 
0 B&WTV(XRays) 

Total 

2. Audio: 
- 

0 WideBand: Voicr 
Heart souads 
(7.5 GHz) 

0 NarrowBand 
4.8 GHz) MU'X 
ssstem 

Total 

Nomber 

35 

1 

0 

1 

37 

7 
0 

517 

524 
-- 

4 11 
9 9 

405 922 

418 942 I 1 

Percent 

84.9 

1.5 

1.9 

11.7 

100.0 -- 

1.2 
0.9 

100.0 
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The .ride0 endoscope was th-t needed t o  obtain views & oral pathology, but 
the functional dzsign of tbe instrwent was cumbersaue and time consuming f o r  
the CRM. A satisfactory degree of rmPnification, for m o s t  purposes, was 

achieved more easily by attaching a close up lens t o  the color camers used for 
the patient. In addition, the fiber-qzic bundle OQ the nobile unit 

instrment became damaged by excessive dust, and rather than be replsced, the 

systen was removed after six months because of the lar usage and high cost of 

=pair. 

The black and w h i t e  video system was satisfactorily used as needed t o  transmit 
pietimes or roentogmzus, mostly fran the m o b i l e  unit, t o  be reed by physicians 
at Sells. 
vith cbvicus symptams that needed immedfate ref~rrsl'l t o  the hospital w o u l d  not 
need t o  be detained at the remote site for the  time needed to take, develap, 

dry, an6 transmit the x-ray p i c t i i .  
one hour. 

ru l ing out a fracture or swims chest disease in a patient uithaut severe 
symytaas. 
for -referral. Addi%iondJy, not all the CBMS assigned t o  the mobile un i t  hrvi 

adeqyate skill t o  take an x-ray that was & a high enough quality t o  transmit. 
The transmissian of selected, high-quality x-ray films by the slar scan sys%en 

resulted in  as high an Index of reliable diagnoscic interpretation by a radio- 

logist as the reading of the original films. There is not reason t o  believe 
t h a t  wideband transmission would have been any less satisfactory. 

However, there was rerely a need t o  perfarm this Amction. A patient 

This time period could be as much as 
Therefore, the  x-rays transmitted were usually for the purpose of 

In these pstients, the renote provider was uncertain about the need 

The low use of the wideband audio c k m e l  is  q l a i n e d  by the high use and high 

rel iabi l i ty  (i.e., fail 1.1s; poor 1-88; fair 7.s; good t o  excellent 87-55 of 
1,056 uses over l8 months) of the MIX system which was the primary carrier. 
The VHE' system was the usual backup for the MTX. The low use of' the trans- 
mission of heart sounds c a ~  be e-xplained by both the low evidence of heart 
disease in the population plus the dissatisfaction of the receiving physicians 
w i t h  the  translr'tted sounds. 

fran the examiuing roan, clothing, or movement of the patient, and the sound 
of the stethoscope upon the skin and hair of the patient. 

Vhe system produced too much additional noise 

However, the system 
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was responsible far a correct diagnosis of heart fsilure by the monitoring 
physician when the remote immediate provider w a s  considering pnemonia as 
the possible diagnosis. 

V a l u e  of Teleconsultations. The users of the caumunicaticns systems were 
asked t o  give their impressicm of the value of Bach consultatim a t  the con- 
clusion. Wing a Z-rnonth period, 829 statements of value were analyzed by 
category of provider and by w h e t h e r  the consultation used voice or voice plus 
television. A consultation was considered t o  have used television only if 

transmissims were  coming frm the  field t o  the primary hospital, regardless 

of uhether the outgoing signal w a s  televised. The s m a l l  number of instances 
vhere cmly voice was incaning and the television ixage of the st&ff member at 
Se l l s  went t o  the field sites were considered as voice "only" consultations. 
me great majority of video consultations were interactive (two way video), 
except when the return link was inoperative. O f  the 829 statements made by 
health providers, 356 w-e matched far the sane transmission (i.e., these 

represented 178 patient consultations) . 
opinions of either the f ie ld  staff or the yimary care hospital staff far a 
single patient coarsultation. 
651 of the 834 knm consultations or 78% of the total. 

those consultatlam without ratings were voice only f ran  the mobile unit .  

The remaining statacents represented 

Therefore, this information was recei-ed for 
The majority of 

Table 2-17 presents these opinicms. The voice mode included a l l  carrier bands, 
since the health provider was not always cognizant of whethe 
Mn[ systems were operating. 

he RF, VHF, o r  

The opinions of the value of the  only voice mode, cannut be ccmpared t o  the 

voice plus video node. 
% t o  those consultations where television was used, nat t o  the use of the 
television as a separate sjstem. The circmstaaces un2er which voice only o r  
voice plus television consultations occurred were ent i re ly  different. 
CHMs usually ini t ia ted televlslon consults only when they f e l t  uncertain as t o  
the proper cuurse of action. When they were certain a? the need f o r  refprrals 
t o  the physician, they initiated, usually, only a c a l l  'Lo the physician o r  

It must be remembered tha t  the l a t t e r  opinion relates  

- 
The 
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medical records s t a f f  

voice communications, 

f o r  no t i f i ca t ion  purposes. The 

through a telephone coupler, a t  
physicians received 

any s t a t i o n  i n  the  

hospi ta l ,  but had t o  walk to the  console room t o  receive video consul ta t ions.  

This data does show a difference of opinions about the  value of consul ta t ions 

where television w a s  used between the  CHM and physicians. 

shown i n  Table 2-18. 

This da ta  i s  

Physicians r a t ed  these consul ta t ions much luwer in value than the  CEPIs. 
Explanations f o r  t h i s  difference follows: 

When the  opinions of the  CBM and physician are matched f o r  t he  same consul ta t ion,  

there  is  only 54% agreement f o r  84 pat ien ts .  The CHMs ra ted  20 video consulta- 

tions as " c r i t i c a l  f o r  the  proper care  of the  patient",  but physicians con- 

curred in only two instances.  They both agreed tha t  43 consul ta t ions were 

"important or useful", but d i f f e red  upon 11 o the r  consul ta t ions where the  CHW 

f e l t  the  r e s u l t  of "important....", but t he  physician thought it was  "of 
l i t t l e  or no value". 

Perceived values by the  CHM also var ied s ign i f i can t ly ,  depending on which 

f a c i l i t y  was being used. 

t he  physician perceived competence of the  QPI, e.g., t h e  least experienced CHH 

w a s  serving the  Santa Rosa Health Center and the  l a rges t  d i f fe rence  i n  per-  

e ived value between the  CHH/Physician i s  recorded for t h a t  locat ion.  

These va r i a t ions  may very w e l l  have been r e l a t ed  t o  

Some fur ther  l i g h t  i s  brought to  t h i s  complex s i t u a t i o n  by ana lys i s  of the  

users '  opinions about the  nature  of the  impact of the  video consul ta t ion.  

(See Section 2 . 4 . 6 ) .  

Several impact a recs  are usual ly  checked fo r  each consul ta t ion which compounds 

in te rpre ta t ions .  However, a trend seems t o  be discernable  during our pre- 

liminary ana lys i s .  It seems tha t  i f  the  physician i n  consulting with a l e s s  

experienced CHM, and h i s  impression of the  impact i s  "great" on reassurance 

of the  CHM's i n i t i a l  impression of e i t h e r  the diagnosis or treatment,  "some" 

or "great" on educational value t o  the  CHM, "some" or "no change" i n  treatment 

plan and a t r i p  t o  S e l l s  i s  not eliminated fo r  the  pa t i en t ,  then the  physician 
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is likely to consider the consult of "little or no value". This judgement is 

more often made when video signal quality was rated as "good" than when it 

was rated as "fair" or "poor". 

The physician is especially likely to rate the value of the video consultation 
as "important or useful" when he thinks that the treatment plan has been 

changed, a trip to Sells has been eliminated, and a more definite assessment 

of the patient's problem resulted. On the other hand, CHMs judge that the 
video consultation has been "critical to the proper care of the patient", 

or important or useful" when the "great" impact has been on "reassurance", 
more definite problem assessment, and upon his own educational needs. The 

competency of the CHM also affected the physfcian judgment. 
believed to be highly competent by the physician, then his judgment of the 
teleconsultation as having "little or no value" was given with the physician's 

perception that the contact only furnished reassurance to the CHM. 

If the CHM was 

There is some similar evidence regarding the value judgment of specialist 

physicians in Phoenix who are consulted by younger ger-eral physicians at 

Sells via the slow scan television link. 

The specialist rated 3 of 7 coincident consultations "of little or no value" 
with his perception that the main result was "reassurance" of the initial 
diagnosis. 

change in either treatment plan or diagnosis resulted. 

However, he rated 4 as "important or useful" when he thought a 

These trends are supportive of data collected by interviews with the users 
conducted by a behavioral scientist. 

providers (including 21 physicians) about the perceived value nf television 

for the remote diagnosis or treatment of patients visiting CHMs. 

rated the value of television least as compared with other cammications 

systems for voice and data. Twelve physicians noted that it was "inconvenient" 

for them to leave their hospital patients for a telecansultation; 
rarely offered more important information than they believed could have been 

Direct questions were asked of 47 health 

All providers 

pictures 
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received by telephone ( 5  MDs, 1 CHM, 1 phamacist); and that the cost ( i .e ., 
as they perceived it) of televisim system was not worth the benefits. 

seven physicians recalled video consultations where the  proper diagnosis or 
treatment plan bad resulted, at least  i n  part, due t o  t he i r  opportunity t o  
"see" the patient or the x-ray. 
were mention&. 

However, 

Cases of skin and eye disease, and injuries 

Generally, the 5 CHMs rated the cmunica t ion  systems i n  the same order of 
d u e  as the  physicians, but were much more i n  favor of using video tele- 
consultation for  t he i r  patients (4 of 5 ) ,  possibly because of the greater 
reassurance they fe l t  w h i l e  under observaticm of the remote physician. 
CHM prcvlders did not value the  ret- video link except occasionally when 
they believed the patient better understood the physician's directions yhen 
the s2eaker was also viewed (1 MD, 1 CHM, 1 Physical Therapist). 

The 

When asked t o  rate the value of l'real time" video ccmpared with slaw scan 

video (i.e., pictures without motion), 8 providers thought that notion was 

important. 
transmissions from the field.  

Color television was rated s l ight ly  higher than black and white 

Sane physicians stated that they rated sane consultatims as "confusing or 
ha;rmf'ul" when they f e l t  that they w e r e  called away frm a patient at the 
hospital who had a more serious health problem than the one presented o w r  

televisi a by the CHM. 

t o  the telecansultaticn but t o  a canpletely different situation. 

cians, me CEM and the physical therapist thought tha t  a video consultation 
did not convey as much needed infomation as a personal encounter. 
the 12 providers with one year or mare experience i n  video ccmsultations 
thought that equipment fa i lures  and problems uf' color balance and resolution 

suf'ficient f o r  diagnosis were problems. 

I n  other words, t he i r  judgment did not always apply 

Six physi- 

E i g h t  of 
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A third study attempted to understand the value of video consultation in a 
relatively objective fashion. 

problems received a video consultation during a two-month period were collected 

and correlated. 
ness of the treatments received, referrals made, and the use of television. 
They attempted to relate the role of television to the outcome of the relevant 

condition, the amount of travel saved, and the quality of care received. Such 
an approach during a field trial can only compile examples of the use and mis- 

use, or of the appropriateness and inappropriateness of video consultations 

by applying a variety of assumptions based only upon existing documentation. 

All available records about patients whose 

Reviewers attempted to make judgements about the appropriate- 

To date, only 116 patients have been studied where wide band television had been 
used for a total of 133 consultations. 
the initiation of the television mode for help in diagnosis, assessment, or 

therapy was thought to have been appropriate for 112 (84%) patients. For 2 
additional patients, the return link seemed to be important, not the incoming 
transmissions. For 21 others (16%), the records did not show any he,lth 
problems where television could have been presumed to have been more useful 

than the use of the telephone. 

In the judgment of physician reviewers, 

The 112 patients for whom television consultation was appropriately initiated 
were further analyzed. For 86 patients, the video consultation was judged to 
have been helpful (76.8%). Their health problem was apparently diagnosed 
correctly, treatment properly rendered, 3151 miles of travel was eliminated 
for 37 patients and their problem was resolved. 
final result was either of no value, negative value, or at least questionable. 
The remaining 14 patients did not return for followup visits and therefore 
the results could not be evaluated. 

judged to have had teleconsults of little value was related to a poor quality 
of transmission, an x-ray in this cssc that resulted in an unnecessary trip 

to Sells to obtain a negative reading. For the other 11 patientqthe value 
of the teleconsult was compromised by either incorrect diagnosis or treatment 

plan, as judged in this retrospective study. 

For 12 other persons, the 

Only one of the 12 patients who were 
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These instances i n  which t;:e i n i t i a t i o n  of the  te leconsul ta t ion was thought 

t o  have been inappropriate were so c l a s s i f i e d  fo r  a va r i e ty  of reasons: 

complexity of the  hea l th  problems known o r  suspected was such t h a t  a personal 

r e f e r r a l  t o  a physician was preferred t o  a video consult;  

hospi ta l iz ing the  pa t ien t  (plus the  30 t o  45 minute delay i n  serving o thers  

who were waiting) was occasioned by s e t t i n g  up the  video consul ta t ion and 

should have been avoidsd because p ic tures  could not have helped c l i n i c a l  

diagnosis (e.g., ra t t lesnake  b i t e ,  r ena l  f a i l u r e ,  p e r i t o n s i l l a r  abscess, 

upper resp i ra tory  infec t ion) .  

t a t i on  vas i n i t i a t e d  to  resolve problems t h a t  were not documented i n  the  

records f o r  the  above pa t ien ts .  Therefore, the  r e s u l t s  of t h i s  study can only 

be i l l u s t r a t i v e  of some problems associated with the  use of t e l ev i s ion  i n  

c l i n i c a l  s e t t i ngs .  

The 

the delay i n  

It is  e n t i r e l y  possible  tha t  the  video consul- 

There was no doubt t ha t  video consul ta t ion had resul ted i n  many hundreds of 

miles of pa t ien t  t r a v e l  saved under circumstances where a physician 's  

par t ic ipa t ion  i n  diagnosis o r  treatment was needed, but the  pa t i en t  did not 

need t o  be personally referred.  

video consul ta t ions were reported, 49 medical or dental  r e f e r r a l s  were 
eliminated. This saved 76 t o  150 m i l e s  individual  round t r i p s .  Forty-three 

r e f e r r a l s  were requested. 

During a 12-month period, i n  which 170 

The appropriateness of these decisions regarding r e f e r r a l s  can only be 

judged by de ta i led  study. It i s  c l e a r  t h a t  t he  value of a video con- 

su l ta t ion  depends upon the  complex processes ob a heal th  care  system; 

not only upon the  adequacy of transmitted information. 
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.Medical kraluation of Slow Scan Television. The evaluation of Slow Scan 

Television for remote medical consultations was carried aut fo r  three 

areas: 
The general purpose of the radiology evaluation r~&s t o  t r a n s m i t  selected test 
films frm the primary cme hospital at  Se l l s  t o  an expert diagnostic radiolo- 
g i s t  at  the Phoenix Indian Medical Referral Center and canpare his  readings 
(upon special reporting farms) with the originals. 
the  skin tonesjorbit picture evaluation was t o  determine the adequacy of 
transmitting patient images i n  color. 
slide data was to test the usefulness, feasibi l i ty ,  and the overall capabilities 

of televised microscopy for interpreticg smears of peripheral blood and 
bacter ia l  specimen. 

(1) Radiology, (2) Skin Tones Orbital Pictures, and (3) Microscopy. 

The general purpose of' 

The purpose of transmitting microscopic 

Radiology. 

Four specific experiments were carried out t o  evaluate the radiographic 
qtlality of the transmitted x-rays and t o  determine the diagnostic validity 
of interpreting transmitted chest x-rays by an expert diagnostic radiologist. 

Experiment 1. (Whole Chest Disc Readings). The three objectives established 
far the experiment were t o  determine if :  

o Single transmissions of one televised view of the whole chest 
would be a rel iable  method for  interpreting chest x-rays. 

o The size of f i l m  was related t o  the  reliability. 

o The radiographic quali ty of the film was related t o  reliabil iSy. 

Eighty-six roentograzns were randmly selected fran 8 group of I21 t e s t  f'lms 
far transmission. The transmitted images were stored on a VAS recorder disc 
in  the first experiment. 

Sixty-five large chest film sizes (14 x 17 in.)  and twenty-one small chest 
film sizes ( less  than 14 x 17 in.) were trensmitted. 
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"Radiographic quality", established t o  evaluate the transmission of  the x-my 

images, was defined as adequ& o r  inadequate in the judgnent of the physicims. 
A U  films agreed upon by at least two of t h e  three physicians were ciassified 
as either adequate o r  inadequate quality. 
inadequate films were transmitteci, while 53 large and 18 mall adequate films 

were transmitted. 

Twelve large end three small-size 

The rad io logis t  reader a t  the  Phoenix Indian Medical Center was in s t ruc t ed  t o  

repor t  whether each f i lm o r  te lev ised  image was e i t h e r  "negative" or "positive" 

f o r  pathology. I f  t he  film o r  image w a s  considered "pocitive", then the  reader 

was asked only t o  check the  t i s s u e ,  o r  t i s s u e s  involved, and mark t h e  loca t ion  

upon a g r i d  diagram. 

readings by t h e  r ad io log i s t  were compared t o  the  pos i t ive lnegat ive  pathology 

in t e rp re t a t ions  given t o  the  o r i g i n a l  films. 

and second reading of t h e  o r i g i n a l  films. 

Analysis of  t h e  te lev ised  posit ive/negative pathology 

Comparisons were made on a f irst  

Results of Experiment 1 indicated tha t :  

o 

o 

R e l i a b i l i t y  is not acceptable for one te lev ised  view of t h e  whole chest .  

Incrcasicg t h e  perceived reso lu t ion  from 500 t o  1,000 l i n e s  per square 

incn by using t h e  smaller s i z e  f i lm  d id  not seem t o  improve t h e  r e l f a -  

b i l i t y  of t h e  in t e rp re t a t ion  and may have made them worse. 

Films of inadequate radiographic qua l i t y  seem t o  be as r e l i a b l y  read on 

t e l ev i s ion  as i n  t h e  o r i g i n a l  form, but percent agreement i n  both 

cases is low. 

o 

It should be noted i n  the  experiment t h a t  71 adequate qua l i t y  X-rays, and only 

15 inadequate q u a l i t y  x-rays were transmitted.  
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Experiment 11. (Whole Chest Disc/Videotape Readings). The o, ject ive of 

t h i s  experiment was t o  measure r e l i a b i l i t y  of ic terpreta: ion of t h e  readings 

f o r  t h e  TV d i s c  s torage  with those from the  videotape s torage ,  and with 

o r i g i n a l  f i lms.  The meth3ds were t h e  same as f o r  Experiment I, except fo r  t he  

reduct ion from 86 transmissions t o  57 due t o  t r a n s m i t t i r g  o r  recorder  malfunctions.  

Results of Experiment I1 were i n  agreement with those of Experiment I and ?\e 

conclusion i s  i h a t  r e l i a b i l i t y  i s  not  acceptable  f x  e i t h e r  d i s c  o r  video tape 

readings,  when compared wi th  dual  readings o f  t h e  o r i g i n a l  f i lms.  

Experiment 111. (Whole Chest Disc/Disc Videotape Readings). The ob jec t ives  

of t h i s  experiment were to :  

o Measure r e l i a b i . d t y  of t h e  i n t e r p r e t a t i o n  using d i f f e r e n t  t ransmission 

techniques from those used i n  Experiments I and 11. 
Compare the  above objec t ives  f> r  both d i s c  and videotape readings.  o 

The transmission in s t ruc t ions  f o r  Experiment I11 are as follows. 

o Three p i c tu re s  of t h e  same f i lm  transmit ted.  

o One whole ches t  view t ransmi t ted  as i n  Experiments I and 11. 

o One view of t h e  upper one-half of t h e  fi lm. 

o jne view of t h e  lower one-half of t h e  fi lm. 

Fifty-two f i lms were t ransmit ted;  

only 37 of t h e  f i lms t ransmit ted were ava i l ak le  f o r  reading a l l  3 views on 

videot  -pe. 

however, due t o  a f a i l u r e  KO videotape 

The r e l i a b i l i t y  of t he  in t e rp re t a t ions  of t h e  q?ideotape and d i s c  readings 

compared with the  f i r s t  reading of t h e  o r i g i n a l  F i l m  was 1OC% for t h e  32 

f i lms from t h e  f i r s t  two experiments. Of these 32 f i lms ,  both o r i g i n a l  

readings agreed 30 times (19 negat ives  and 11 pos i t i ve  pathology readings)  
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The videotape &i disc readings -red with the original readings perfectly 

and v i t h  each other. 

films (proven by t issue examination) was .IS0 10M re l iab le  for  both video- 

tape and disc readings as fu as the  msitive and negative pathology readings; 

however; 
or location of the tissue involves. From densitameter a n a l y s t  of the lesions 

on original f i b ,  there seems t o  be no cousistent explanation for  the missed 

diagnosis. 
iment, all nine films and television images were re-read and discussed. lesions 
were seen on the monitor, but the radiologist s ta ted  %ere not appreciated 

when the film hages were mixed fn vita norimtls during the transmission 
sequence". 

The reading of five out of the nine t rue  positive pathology 

both the video tape and disc readings missed t t e  same lesions and/ 

Durf.,,g the case conference with the radiologist following the exper- 

This experiment resulted 

eqeriments. 

= highest r e l i a b i l i t y  indices of the three 

b e r i m e n t  IV. 
ment of Specified Porion of Chest Films). 
were to: 

c Meamre the impact of enlargement of specified portions of chest 

f i b  upon accuracy and r e l i a b i l i t y  of interpretation. 

R e t e s t  another methodology thet  more closely simulates the 

physician aad consultant interactive mode of transmission, and 

meastze effe2t upon .tcbwracy and didgnosfs. 

(Transmission of &ole, Upper and hirer Cine-half, and Enlarge- 

The objectives of t h i s  experiment 

o 

A sample of 22 f i h  t o  be transmitted vas selected from the 54 films used 

i n  Weriment 111. The enlarged view of a specified portion of tSe large 

chest film did not i n x e a s r  the accuracy of interpretation Over tiic previously 

trcnsmittrd throe views for each chest film. 
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Skin Tones and Orbit Pictures. 

Specific escper3ments vere carried out in twelve days t o  dekemhe the e.f%ctive- 
ness ob the colar TV system t o  transmit adeqyate skin tmes snd orbital structure 

idt?ntify/distinguish: 
a ~ e r  the S ~ O U  SCBIL TV fra Sells t o  Phoenix. The v i m e n t  ObjeCti-S  ere t o  

o papules OF macules af 3 pm diemeter or less upm dark skinned individuals 
o Scars as either la is& or depress=d areas 
0 p \ q ) ~ s i z e a n d d e t a i l .  

Llmitaticu of camera capabil'.ties resulted i n  Inadequate color differentiation 
vithin the skin tone range af hue for diagnosis ab &ematologfcsl lesions. 
red. time colar s j r s k n  3aes n.rL shw p~fies 3r nmcules of 3 mu dicolctcr ar less 
upon dark skinned lndivtduals. 

m diameter or less re6 lesions i n  dark skinned subjects, but h e s  trenslEit dawn 
t c  3 IUD lesions in fair skinned subjects. streaks of ce l lu l i t i s  (simulated vie 
red flow t i p  markers) 4 t o  5 nrm wide could not be distinguifhed i n  dark skimred 
in6iVidual:. 

The 

The colm systea ais0 rails t o  distinguish 4 t o  5 

Scars could not be caaclusively iden'lf'led as either raised or depressed areas, 

unless verbal c1-s were also given. 

Close-up views ~f skin ami m u c w  surfaces (i.e., magnifications 09 5 to 7 tines) 
showed highlighted areas with a green yellavlsh tinge. This problen was tpeazly 
reduced by using filters, but persisted. 

Similar dlf'ficulties were encountered in the use of slow scan color transnissfons 
for  opht -ihologic problems. The best color transmissions neeaed t o  use 500 watts 

Df light. This mount vas not tolerated by the subjects and excessive eye cearing 
resdlted. Each tear was highlighted and the same green-yellow hue artifacs was 

introducred. 
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The deta i l  of eye l ids ,  lashes, iris and scleral vessels vas good, bdt more 

easily achieved using the black and white system. Both color and black and 

whitc failed t o  distinguish pupillary size aad de ta i l  i n  subjects with pigmented 

irises. Pupillary contours Vere easily visualized i n  blue-eyed persons. 

The diff icul ty  of obtaining patients with skin and eye problems, plus the t i m e  

needed t o  transstit pictures An a room not designed for t h i s  function, the recoga- 

nited discomfort t o  the p a t i e n s ,  and the b o t m  shortcomings oE the system led 

t o  the decision t o  curtailnon-interactive diagnostic research in these areas. 

Both color and black and white slow scan systems, however, are available for 

direct, interactive use between Sells physicians and Phoenix specialists for 
diagnostic problems as the need arises. 

TV - Mcroscopz. 

Three specific experiments were carried Out t o  evaluate the quality of transmitted 

microscopic s l ide  images and t o  determine the diagnostic val idi ty  of interpret- 

ing transmitted s l ide images of blood smears, mixed f lora  and a variety of other 

sl ides by a microbiologist. 

A modified Wilde-Heerburg microscope was used equipped w€th a high-intensity quartz, 

iodine l ight source multiple l ight f i l t e r s ,  and a special photo tube for the 

colcr television canera, i n  conjunction with Slow Scan transceivers. 

Experiment 1. 
The objectives established for th i s  experiment wet: to  learn the f u l l  capabili t ies 

and operating procedures for the TV microscope color control unit and the TV 
monitor and to  determine the optimum microscopic positions for a particular 

object ive lens. 

Eighty-seven s?fCcs rf 51md Smears ;s?d s m c  d x e d  flora were transmitted from 

Sells t o  the Phoenix Ini . Yedical Center via Slow Scan TV. A number of Cifferent 

sl ides were furnished by NASA-JSC that  contained tissue sections, f leas,  blood 

Smears, nematodes, and a variety of others. 

2-62 



A variety of slides were initially transmitted to establish light settings, 

color adjustments, filters to be employed, focal planes to concentrate on, 

and objectives best suited for observation. 

determining the optimum microscopic position for each particular objective 

being used for observation. 

The experiment would result in 

The microbiologist at Phoenix was to evaluate and make recoatmendations on how 

to improve the quality of the transmitted images. 

The information on Table 2-19 shows that for objectives 3Y and LOX the color 

quality and the receiving and transmitting for the slides were usually the best. 

This is because the amount of light needed is low and the details of the 

specimen being observed are usually gross in size. 

sentative of the specimen being viewed. The filters can all be utilized depending 

on what colors need to be enhanced or deleted. The IRE level, which is a video 

standard, read 100% most of the time at these magnifications. This level should 

always be maintained for good transmissions to be received at the Phoenix Referral 

Center. 

camera equipment fall well within the limits of the equipment's capabilities. 

The color is usually repre- 

The hformation also shows that the settings for the microscope and 

For the objectives SOX and lOOX the quality of the transmissions falls off 

slightly because the problem of resolution begins to have effects on the quality 

of the pictures being transmitted to Phoenix. 

to s h w  a little deterioration due tu che decrease in the amount of light that 

can be used and the amount of light that reaches the camera Ims. The IRE level 
drops considerably which shows -. loss of information from the microscope to the 

camera. 
and readjusting of the color control unit and the television monitor controls 

are necessary to bring about good color aiiality. 

be increased to the limit which puts a strair. on not only the observer but also 

on camera eqcipment and microscopic filters which w e  hoth heat  and l i g h t  

sensitive. 

Also the color quality begins 

The color representation is close but not high quality. Much adjuszing 

The light settings have to 
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As was noted the box object5ves were not used because they are for phase 

contrast and dark field microscopy which need additional equipment to be 
utiiized. 

Experiment 2. 
The second experiment was an extension of the first experiment in that the 
optinunn microscopic position was utilized to conduct a laboratory diagnostic 
study for the evaluation and observation of the reliability and feasibility of 
reading laboratory slides accurately over the television screen. 

The slides used in this experiment were blood smears and mixed flora which 
are two types of slides that are cammonly seen in the laboratories at Sells 

and in Phoenix. 

The microbiologist read each transmission using the following criterion for 

blood smears andmixed flora: 

CRITERION FOR BLOOD SHEARS C3tITERION FOR MIXED FLXlRA 

(1) Basophile 

(2) Eosinophile 

(3) Neutrophile 
(4) Lymphocyte 
(5) Monocyte 

(1) Gram Positive 

(2) Gram Negative 

(3) cocci 
(4) Rods 

The data collected revealed certain performance qualities such as the system 

availability, system reliability and reading reliability. The system avail- 
ability is the total number of days available to transmit versus the nmber 

of actual days transmitted to Phoenix. Also a system reliability was noted 
which is the number of transmissions received in Phoenix versus those that are 
acceptable. This also included those transmissions that had to be retransmitted 
because they were unacceptable. 

based on those there were acceptable versus those that are correctly redd 
and those that are missed. 

be seen. 

Finally a reading reliability is established 

From these figures the overall performance could 
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f;n the  syste!z avai labi l i ty  da+k collection, the weekends were not counted 
became neither of the system operators w e r e  present t o  transmit or receive 
pictures over the SloScan equfpnent. The rest of the days between June 1, 
1976 and September 31, 1976 were counted, including holidays that fe l l  ic the 

testing period, because the system was operable and available f o r  use. 

Number of Days System 
Was A v a i l a b l e  (B) 

6 
B = S Y S ~  UTILIZATION = 845 

In the accep-kbility of trananissim, a t o t a l  aF l l G  slides of blood sm--s 
and 56 slides of mixed f l o r a  kxre transmitted to the Phoenix Referral Center, 

T d l  Wmsmissions Number of Readable Slides 

Blood 
Smears ll0 

Mixed 
FlOrS 56 50 

System Acceptabili cy 

Blood Smears: = 894 
MixedFlora: = 8 s  

A t o t a l  of 98 slides d b 1 . d  smears 8y-d 50 slides of nixed flora were trans- 
mitted t o  assess the accuracy of reaiing the slides on e Tq screen. Accuracy 
2s shown below was 893 correct of the t o t e l  ?8 blood snear slides, vhllr: 

accwacy of only 585 was obtained f o r  the zixsd florz.  
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Blood 
Smears 98 
Mixed 
Flora 50 

87 

29 

11 

21 

- READING ACCURACY NUMBIB CORRECT 
m !lRmSMESIONs 

R e a d i n g  Accuracy 
Blood Smears = 89$ 
MixedFlora = 9% 
Results fran Experiment 2 shuw tha t  for blood SmearS and larger specimens, the 
System Acceptability, System Rel iabi l i ty  and the System Reading Accuracy a i l  
fe l l  within the  limits and capacity fo r  t h i s  system t o  M c t i o n  accurately. 
There is a l i m i t ,  though, that should be ncrted and tht is the nixed f l o r a  t e s t .  

The size of the ce l l s  were very sinall mi the  morphology and color of the ce l l s  

over the  television screen were  d i f f i cu l t  t o  r e d .  
the reading r e l i ab i l i t y  t e s t  were less than 60% correct, which may be w e l l  

below the acceptable level. 

The percentage correct f o r  

m e r b e n t  3. 
This experiment e n p l q ~ + d  external canera and microsco5ic equipent  t o  find 
the best way t o  traLlsnit infonmtion t o  Phoenix and a lso  t o  enhance the 

capabili t ies of the microscope. 
during the experiment t o  increase the c a m i l i t i e s  of the television microscope. 

The following is a l i s t  cf whet was acquired 

(1) 15X C A M E U  C’l 47 - t h i s  increased msgnificaticn frm lOOOX t o  
1500CX f o r  the purpose of revealing fice 
detai ls  i n  the cells. 

v i m s u  transzitteci f a r  further d i q n o s i s  . (2) bIICRO-LOCATER - t h i s  lzvice wes used t o  re lxa te  ceils ?re- 
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(3) PEE3OFF-HAUs~ BACTERIAL COUITlTR - This device was used because 
there  were  no caumercially available resolution 
charts f o r  t he  aligr .ng of equ ipen t  uncler 
evaluation. 

GRID :fAcBINE - t h i s  device was acquired t o  a id  i n  the  locating 
of specific c e l l s  on the te levis ion screen 5y 
putting a gr id  system on the screen. 

(4) 

Evaluation of Slow Scan Television Summary. 

The use af slow scan te levis ion for the transmission of x-ray images has indi-  
cated that the  hardware perf'm&nce seems t o  be reliable enough and the results 

achieved valuable enough t o  justie continued experimentation. 

The use of slow scan te lev is ion  f o r  the transmission of pat ient  examination 
images has demonstrated that the  existing system requires considerable improve- 

ments i n  equipment, l ighting, and space. 

The feasibi l i ty  of televised microscupy frm the technical viewpoint 
pruven; however, it requires considerable experimentatfon. The cmbined 

problem of optics, alignment, and color qual i ty  m u s t  be resolved. Resolution 
of t h i s  problem is  the same as f o r  pat ient  examination - selection of qual i ty  
color cameras. System perfornance i n  terms of acceptabi l i ty  and reading 
accuracy were judged excellent f o r  a l l  tests except for the  mixed f l o r a  t rans-  
mission which, due t o  the small ce l l s ,  the narphology and color of the  c e l l s  
were found not acceptable. 

been 
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2.4 SUBSYSTEM ASSESSMENT 
The five STARPAHC subsystems as illustrated in Figure 2-3 represent; 1) the 
required telecommunication equipment (TCE) to perform two-way communication 
for voice, video, and data, 2 )  the computer for storage and access to health 

information and health aid programs, 3) six facilities for communication m d  

relay centers, 4) health care personnel, patients,and technicians, and 
5) logistic support for maintenance and calibration. 

For assessment purposes TCE has been broadly grouped into five categories 
that reflect the function that the equipment performs: 

Wideband - Transmission;Reception of Color and BdLw TV images via 
microwave links plus a high fidelity voice channel for 
heart/lung sounds. 

Narrowband - Transmission/Reception of voice/data. 
VHF - Transmission/Reception of voice/data 
Slow-Scan - Transmission Reception of Color and BMJ TV images via 
Emergency (PAM) - Emergency medical transmission/receptim of medical data. 

standard telephone lines. 

Figure 2-3 illustrates a further breakdown of the five TCE categories. 

breakdown into 24 equipment types was organized to take advantage of the 

usage logs, trouble reports, and maintenance records for evaluation pur- 

poses. This section will present utilization and performance of the TCE 
at the subsystem level fn terms of usage, purpose, and quality. 

each major element comprising the subsystem will be assessed as to its 

overall performance. 

This 

Next 

Assessment of the remaining four subsystems as illustrated on Figure 2-3 was 
accomplished from statistical programs that compiled operation/downtirne on 

the computer, system records on the facilities, interviews with the patients, 

provideis, and technicians for personnel assessment, and from maintenance 
records and trouble reports. 
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2.4.1 Utilization and Performance of the Telecommunication Equipment Subsystem 
The utilization of system equipment with emphasis on monthly trends, failure 
rates, reasons for failure, high low usage and ratios between medical use 

and communication for other purposes (usage not directly related to health 

care) has been analyzed and is presented in summary form. 

Three major data sources were available for analyzing and determining the 

utilization and performance of the system equipment: (1) the Telecommunication 

Equipment (TCE) usage log (contains perfarmance data on 24 TCE types -- see 
Table 2-20 (2) usage Data on equipment at QRS, MHU Vehicle, Computer and 

supporting peripheral equipment and power equipment and (3) STATS-On-Line 
Terminal Statistics Program report on the computer software/terminal usage. 

Monthly data are presented covering the last 6 months and are compared to 
the first 6 months and the overall two (2) year period. Two (2) year totals 

are also given on a month-to-month basis for an overtGe~r 

from start to the end of the two year operational period. 
of the operation 

Telecomnunications are defined in accordance with the purposes that they 

seme. Engineering telecommunications are used for checkout, trouble- 

shooting, commnications, (between engineering personnel and/or engineering 
personnel and health care personnel) and control signal transmissions. 

Medical telecommunications contacts hetween the CHM/Physician and Medical 
and Administration personnel. Teleconsultation contacts are specific medical 

communications between the CHM and the Physician. 

Medical TelecmunicationITeleconsultation Contacts (CHM/Physician and MED/ 
Administration).. 

for the four 6-month periods and the number used by the CHM/PHY 

sultations), the number used by the Med/Administration, and the combined 
Medical Telecommunications. The most significianL factors are that medical 

telecommunications accounts for 58% of the total use,  and the relatively 
equal use by the CHM/Phy (267)  and the Med/Admistrator (32%). The remainder 

(42%) of the telecommunications were used for engineering purposes. 

Table 2-21 simrmarizes the total number of telecommunications 

.elecon- 
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Table 2-20 

GLOSSARY OF TELECOMMUNICATION EQUIPMENT TERMS 
(Elements and Types) 

Telecommunication Equip- 
ment Element/Type 

Wid eband 
Color TV, Patient View 

Color TV, Patient View 
Microscope 

Color TV, Lab 
Microscope 

Black and White TV, 
X M Y  

Black and White 'IV, 
Physician (HSSCC) 

Handsfree, TV 

Heart Sounds 

VTR 

Community TV and Audio 

Narrowband 
Hmdsiice, hIUX 

Telemetry (QRS) 

ECG 

De& ription 

Patient viewing color TV system which includes the 
camera, monitor, and local camera control utit 
Surgical microscope for endoscopic examination which 
includes color camera, fiberoptics viewing bundle, 
light-source microscope, and ceiling-mounted track 
Laboratory microscope which includes binocular micro- 
scope, light source, light filters, camera adapter, and 
color TV camera 
Black and white x-ray viewing system which includes 
black and white TV camera, x-ray viewer, local 
camera control unit, and camera mount 
Blmk and white camera in physicianls console used to 
transmit the physician's image for  viewing by the patient 
at the remote facility 
The TV handsfree intercom generally used a s  backup 
for the MUX handsfree intercom 
The '7Tor,oscope'v or  battery-powered stethoscope used 
primarily to transmit heart sounds 
The Video Tape Recorder located in the communications 
rack (HS3CC) used to record incoming video from a re- 
mote facility o r  local from the physician's room 
HSSCC consoles equipped to transmit community/ 
educational video to the MHTJ?, which displays it on 
externally located monitors 

The handsfree intercom used for communication between 
the remote facilib and HSSCC. Includes intercom units 
and audio multiplexer unit 
The control and teleinetry rystcm iqsed to remotely 
control the QRS Relay Station frba1i HSSCC 
?ne Cardiostat T single-channel electrocardiligram m i t  
including the transmitter (oscillator) 
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Table 2-20 (Cont.) 

Telecommunication Equip- 
ment Element/ Type 

Narrowband (Cont. ) 
Telecouple I- 

Telemetq Remote 
Camera Control 

Privacy, Audio, Remote 

Hotllne 

Audio,'Instrumentation 
Recorder 

Order Wire 

VHF 
VHF Transceiver 

S l O - s C ~  
Slo-Scan Transceivers 

Color Camera Fhy 
(H SSC C ) 
Black and White TV, 
Slo-Scan (HSSCC) 

PRC Camern 

Erne rgency 
PAM 

De;; ription 

The telephone acoustical coupl?r locrted at the physician's 
console-used to patch t h 3  handsfree intercom into the 
dial telephone for calling the lab, medical records, etc. 
The Rem,>te Camera Control Units locsted at both the 
OperLtor's and physician's console at HSSCC used to 
remotely cork01 TV cameras at either rem _ a  facility 
The privacy audi9 channel used for private conversa- 
tions between CHM and the r'?ysician. Includes the 
CHM hand/headset at the remote faciliiy 
The hotline is the communication link between the 
operator's console, and the CHM is the link in a remote 
facility. When one handset is removed from its cradle, 
the unit -.t the other end rings until it is answered. 
The audio recorder located in the communl;ation rack 
(HSSCC) used to make audio recordings and to record 
ECGs 
A special audio channel within the microwave system 
used primarily for maintenance and troubleshcoting 

The VHF radio system used when the 3 HU is enroute 01' 

when the microwave systen is Jot operational 

The Slo-Scan units at  HSSCC and PRC used to transmit! 
receive x-ray images, photographic, a d  graphical data 
Color camera in physician's room to record color image 
of patients, etc., primarily from Slo-Scan transm issiou 
Black and white camera loczted near the physician's con- 
sole used to :ra,n:,mit x-ra.y irn:.;es as part of the slo- 
scan system. Includes biack and white TV camera, 
mount, x-ray viewer, and local camera conc: 01 
B&W camera installzd in the Phoenix lndian Xedic31 
C2nter. Usea f o r  trmsmittal of imagat. to c,:i;s 
3aw-Scan TV 

Portable Ambxlance Nodule ( I I H U  and Sel Is Emergenc J' 
Room) 
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816 
240 
342 
4:; 

308 

250 

363 
220 
261 
197 

M e d i a l  Telecaumunkati& 

37 
47 
64 
145 

63 

45 

84 
23 
57 
35 

94 
69 
a6 
91 
127 

98 

104 

139 
131 
90 
62 

*Total 4,259 
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The graphic illustration of Figure 2-4 shorn the fluctuating changes 

during each 6 month period of the  medical te lecaramiut ions .  

of the vdicrl tel-icatioa rdned  high fo r  the f i r s t  three 6aon th  

period. 

pc-iod, 

Percentage 

Ihc C W H R  telecorrsultation decreased sharply i n  the last 6-ronth 

'2he ronthly fluctuations in the use of medical tel-ications is 
at t r ibuted t o  several factors. 

increase in medical telec-icatiau is attributed t o  increasing friliu- 

i t y  of the health care personnel vith the STARHhE equipwnt, b a t  roy be 
s l igh t ly  inflated by the Angust and September sudden increase of telccaa- 
sultatians caused b j  a directed response to  achieve a specified number of 

CWPEY tel-ltations per week, 

period is seen as m occasiaul medical t e l e c F c a t i o n  reduction result ing 

f r a  
ear ly in February 1976. 

equipme& operation md had demonstrated hJ?h proficiency in i t 's  use, but 

had fever tefeconsultations - because F z l l s  physicians did not encourage 

teleconsultatiaaz, 8s prmiausly indicated under physician's a t t i tudes.  

Consequently, W ' s  were samewhat re luc ta r t  to use the systen. 

noted also tha t  a large discrepancy exist between the mmber of STARPPABC 

telecaasultatims ktveen Sells and the KdU and Sells and the U S C .  

is because STARPAliC teleconsultations over regular telephone lines E r e  not 
logged and the telephones account for nost contacts between the fgsC C S l  and 

the Sel l s  physician. 

d i rec t ly  rather than cal l ing the Se l l s  system operator and having him contact 

the physicfan or  medical record personnel). 

During the f i r s t  5 mmths of operatiom the 

l'he fluctrutioms in the second 6 popth 

persoancl assigned t o  the  UfSC being reassigned t o  the Sells Hospital 

Replacecmt personnel had been trained i n  STARP' 

It should be 

This 

(It is easier t o  use the telephone cal l ing the OPD 

The monthly fluctuations i n  the third 6 m0,c.h period i s  attr ibuted t o  several 
factors. 

on the MlU during June, July, August and September 1976, for  one t o  two week 

periods. 

coumunicate w i t h  the S e l l s  Physician on a more frequent basis. The two MHU 

C W s  were subsequeatly monitored by the independent CHM who was assigned 

Two dependent CIIM's replaced the regular independent C€M and LPN 

The relat ively inexperienced replacement team found the need t o  
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t o  the S e l l s  bospit.1, uhicb further affected the mtrbcr of t e l e c ~ r r t i o n s .  
Other factors that affected the number of tele-ications were the  two 

2-y md the one 46 .y  aut-of-scr9icc period for  the m. 

I k r h g  the last 6 mmth period 8 substantial  decrease in WPEY telecon- 

sultatlcra occurred. This decrease was approriYtely 5ox of the  previous 

6 months of teleconsultatioas rrd was 8 def in i te  repersrl of the indicated 

trend of increasing medical usage. 

~ e l ~ c a t i o n  U s a g e  Analysis@ Table 2-22 presents the usage by comparing 

each of the faur 6 lopth periods. 

the usage in terms of use, quality m d  purpose for  the entire two year 

operat iarr l  period, 

me sees that fluctuations ia the number and types of teleccxmunications do 

not correspond 00 a mmthly basis - variations are primarily randa but a re  

also affected by personnel assigmmeut/locatic, ava i lab i l i ty  of t q u i p e n t  

and unique situatioat, erg., w z a t i o n  requirement increases. 

smvs the  usage by TCE type for  the full  two year operational period. 

through 2-28 show TCE usage for each of the four 6 lsopth periods €or comparison 

purposes. 

T8ble 2-23 -rites, on a moathly hsis 

Caaprrisan on a wnth-to-pDptb basis (Wy 1975 vs rty 1976) 

Table 2-24 

Table 2-25 

As u.s expecteq the tu0 most used TCE were the hot l ine and hands-free MIX 
audio capability and remained as such throughout the tw year evaluation 

period. 

month t o  lpoath. 

program progressed was the patient viewing color TV canera vhich changed 

from thi rd most used item during the f i r s t  6 months t o  the eighth most used 

i t e m  in the f ina l  6 months. 

to  increase usage throughout the two years, the QRS control telemetry (13) 

steadily decreased i n  use as did the patient viewing color cameras& handefree 

MUX audio usage. 

tabulated i n  Table 2-29, Section 2.4.3 discusses each of the TCE regarding 

i ts  functions, major characterist ics,  and a brief discussion of maintenance 

and problems. 

@Refer t o  Pages 2-98 through 2-112 for major characterist ics and descriptions 
of the TCE. 

Use rate of the remaining TCE fluctuated in the most used list from 

TCE it- of interest in regards t o  i ts  usage rating as t h e  

The use of the telephone coupler (21) continued 

The twelve most used TEC over the two year period has been 
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Number of Telecommunications. 

summary for the two year period on a month-to-month ba-3s. Average monthlg 
telecommunication for the first 6 months (May-October A3?5) were 329, for 
the second 6 months (November 1975 - April 1976) were 337, for tile cnird 
6 months (May - October 1976) were 312 and for the fourth 6 months (November 
1976 - April 1977) were 253 and an average of 307.75 per month over the 
entire two years. High and low variations between the first three 6 month 
periods showed fairly gcod correlation but the fourth 6 month period was 
significantly low (17.8 percent below the mean average). 
of telecommunications occurred during the first 6 month period, in August - 
September tint period with the next highest in the third 6 month period, 
Jane 1976. 

Figure 2-5 presents a telecommunications 

The highest number 

The lowest was the last month of the two year period, April 1977 (197). 
The two lowest telecommunication months were the first and last months 
and may be attributed to startup characteristics of the program. The low 
average of the fourth 1J month period is parhaps due to the CHM/LPN becoming 
very proficient over the years a- ' no long duration change in staifing on the 
MHU or at the LHSC. 
1976 (269) , Lttributed to an influer,xa epidemic that curtailed teleconsultatior. 
The lowest number in the third 6 mo. .i period occurred in May 1976 (256), 
attributed to havin., the most experieo2ed ncdical personneJ. assigned to the 
MHU and shorter montrily work periods (16 days vs 18 days). 

The low in the second 6 month period occurred in February 

The mean gross PAl3 for the two year operational period was 98.38 percent 
with the mean net PAR at 90.50 percent.(See Perfonance Accept. Ratio subsection). 

Quality of Transmission. 
the system operator. 
quality for audf.0 functions almost always agreed with the users perceptions. 

However, this was not the case for the quality of video transmiksions, as 
reported by the physicians. These results, therefore, are suggestive that 
the users seem to be more critical of signal quality than the operators. 
The users were undoubtedly responding to a much broader range of expectations 

than the operators. 

Qualitywas judged by the health providers and by 
The system operators judgement of telecommunications 
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The perceptions of a11telecra?amicatioa quali ty by the health providers is 
presented in Table 2-30. I f  tu0 evaluation forms had been camleted for 

every patient consultation betveep the robi le  unit sad Sells, then 1,268 

form would have bear the available. Eouever, only 6QO forms had 

been returned (47.32). 

the maxi- possible, and 244 (61%) were returned. 

For the health center, 4OC forms vould have been 

Sever81 reported "failures" or "poor" rated video consultations were inVts- 

tigated further. 

by the physician under skulated amditioru. 

Other reported defects that could not be simulated ray have been related to 

improper lighting of the patient's lesion, camera -le, focusing, or other 

errors in  the seader's technique o r  the receiver's ab i l i t y  t o  operate the 

raaote c m r a  controls, 

k u y  =re veri f ied by recreating the problem identified 

These are l i s ted  in Table  2-31. 

Figure 2-6 shows a two year sumnary of the system operator's judgement 

on the quality of telec-ications. The quality rating did not vary 

percentage vise aver the two years, with the quality "Good" predaminurtely 

highest (89.X). The ratings of Good and Fair  tend t o  f o l l w  the curve 

of the to t a l  telecamudcation which implies that  when the t o t a l  number of 

telecammmications increase that  the system is -re available and operating 

more reliably. 

Dui,.ig the third 6 month, there vere a to t a l  of 1872 telecmmunications, 

with 1728 transmission of ExcellentjGood quality netting a 92.30 percent :PR. 
The lowest 6 month period net PAR occurred i n  the second period with l?96 

Excellent/Good transmissions aut of a t o t a l  of 2022 (highest t o t a l  tele- 

cammunication). The fourth period had an average net PAR of 90.2 percent 

and had the least  amount of telecamaunication (1520) with 1371 Excellent/ 

Good transmission, (explanation i s  in prior subsection). 

txcellent ratings were reserved for transmission of exceptional quality such 

as excellent contrast, color, brightness, lighting and observations of minute 

de ta i l  in the case of video transmissions. 
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Performance Acceptabili ty Rat io  (PAR). 
r a t i o  of success as measured by taking the  r a t i o  of f a i l u r e s  t o  t o t a l  

telecomnrnication and applying a percentage to  the  r e su l t .  Gross and 

N e t  PAR terms w i l l  be used and are defined as follows: 

The PAR has been defined as the  

Performance Acceptabili ty Ratio 

1 100 = z Not Acceptable 
Gross = E - Telecommunications 

Anomalies (Fair ,  Poor, Not Acceptable7 = E- Teleconantnications 1 N e t  PAR = 

Tables 2-22 and 2-23 lists the  PARS f o r  each month and t h e i r  6 month 

averages. 

percent t o  a high of 98.98 percent. 

and the  high occurred in t he  t h i r d  period. 

periods shows a low of 88.82 percent t o  a high of 92.30 percent. The low 

occurred i n  the  second period while t h e  high occurred i n  the  t h i r d  period. 

(Gross PAR) fo r  the four 6 month periods shows a low of 97.82 

The l o w  occurred i n  t h e  f i r s t  period, 

N e t  PAR f o r  the  four 6 month 

The improvement in N e t  Par during the  t h i r d  period was due t o  a concentrated 

e f f o r t  t o  correct  equipment def ic ienc ies  and upgrade equipment performance. 

Reviewing the  PAR on a monthly bas is ,  Table 2-22 shows the  highest  Gross PAR 

occurred i n  August 1976 (loo%), while t he  lowest Gross PAR occurred i n  

February 1977 (96.007.). This low PAR i s  a t t r i b u t e d  t o  the  r e l a t i v e l y  high 

number of Not Acceptables (8 vs a monthly average of 5), combined with 

a r e l a t i v e l y  low number of telecommunications (228 vs a monthly average of 
308). The high and low ne t  PAR'S a l s o  occurred i n  those same months. 

Purpose of Telecommunications. S ix  categories  (Figures 2-7) were establ ished 

t o  determine the  spec i f i c  purpose of each transmission over the  two (2) year 
period of operation. Figure 2-7 a l so  shows the  percentage breakdown by each 

12 month period of the  six categories  by the  Purpose of t e l e c m u n i c a t i o n s .  

Also shown i s  the  mean average of each category fo r  the  two years.  

the  two years medical purposes accounted for  57.7 percent of a l l  teleconrmuni- 

cations compared with the low of 49 percent,  occurring during the  f i r s t  6 

During 
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months and a high of 62.3 percent which occurred in the third six month 
period. 
Control and Checkout were generally decreasing. 

as a direct result of the reduction in equipment failure which resulted 
in fewer checkout and troubleshooting. 

Medical/Administration indicate an increasing trend while 
The decrease occurred 

Total telecomunication time over the two year period was 1390:18 hrs:nin. 

Figure 2-8 shows the trend of reduced transmission time as the operation 

proceeded. 

teleccmwnication time month-by-month. 
period for total telecanrmnications was 57:56 hrs:min. while medical 

telecammtaications required 29:20 hrs:mir. or 50.6 percent of the total 

time. The average time of one teleconmunication was 11.3 minutes while 
the average time of one medical telecommunication was 9.9  minutes. 

Figure 2-8 also shows the comparison between total and medical 

The average time over the two year 

It is interesting that medical vs cngineering times are practically equal 
for the last year of operation, whereas for the first year, engineering 
exceeded medical times (435 hrs. vs 422 hrs) . The equalization of time 

is attributed to decreasing checkout and troubleshooting and greater par- 
ticipation between the CHM/Physician and Medical/Abinistration. 

2.4.2 Reliability Evaluation 

Failures-Cause and Action Taken. The Trouble and Corrective Maintenance 
Report supports the Usage Log and is used to analyze degradation, deficiencies, 
failure rate and trends. 

problems occurred and/or were reported by users/providers. 
to: 

Data was entered daily by site personnel as 

The data was used 

o Set work priorities/schedules 
o Establish satus of open items 
o Evaluate spares requirements 

o Analyze as part of eveluation process 
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Subsequent t c  explores the c r i t i c a l i t y  of  f a i l u r e s  as reported i n  the  

troubLe reports with respect  t o  hea l th  care delivery.  (See Appendix D for more 1. 

A t o t a l  of  748 Trouble Reports were recorded during the  two years of 
operation. These were ca re fu l ly  reviewed and screened f o r  v a l i d i t y ,  

i.e.: b l o w  fuse, burned-out ind ica tor /p i lo t  lamp not e f fec t ing  operation 

were excluded. The r e su l t i ng  v a l i d  t rouble  repor t s  t o t a l ed  688. 

Class i f ica t ion  of Trouble Reports. 

report  analysis  f o r  the  two ( 2 )  year period. Shown a r e  (1) t rouble  repor t  

d i s t r ibu t ion ,  (by t h e  type of t rouble)  fo r  t he  two year period (2) t he  

number of t rouble  repor t s  i n  each 6 month period (by the  type of trouble) 

and the  percentage of type of t rouble  reports .  

Figure 2-9 i l l u s t r a t e s  the  t rouble  

The last  two 6 month periods ind ica te  a reduction i n  average number of 

t rouble  reports  per month (20.4) while the  f i r s t  6 month period was the  

highest  (40.5) as one would expect due t o  beginning operations of a new 

system. Of signif icance i n t e r e s t  is t he  high percentage of the  t rouble  

repor t s  of the  c ~ u t e r l t e r m i n a l s  and MHU vehic le  and r e l a t ed  equipment. 

Operator e r ro r s  showed a steady decl ine indicat ing an improving proficiency 

by the  providers, (25 during f i r s t  18 months down t o  3 f o r  last  6 months). 

The problem with the  computer was considerably reduced with the  addi t ion of 

t he  Uninterruptable Power Source (UPS) during the  t h i r d  6 month period. 

The majority (54.49.) of the  t rouble  repor t s  (as defined i n  5 categories  

shown i n  Figure 2-9)  were 

The second highest  w a s  "degradation" with "deficiencies",  "modification" and 

"others" t r a i  1 ing . 

i n  the  "failure" category as would be expected. 

Fa i lure  Trend Analysis. Figure 2 - 9  i l l u s t r a t e s  the  decl inicg trend, for  

2 years,  of the t rouble  repor t s  which reduced a t  a f a s t e r  r a t e  than the  

dec l ine in  telecormnunications. Additionally, the  number of f a i l u r e s  per 
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month was decl ining f a s t e r  than t h e  degradations per  month which is a 

favorable s i t u a t i o n ,  as degradations do not  t ake  t h e  elements o r  subsystem 

down. 

System Rel iab i lS ty .  The TCE system r e l i a b i l i t y  (defined as t h e  probability 

of de l ivery  of hea l th  care a t  any given moment) of STARPAHC was a t  a very 

impressive l e v e l  of 98.38%. This  f igu re  is derived from t rouble  r epor t  logs 

and the  raw usage log which i n d i c a t e  t h a t  over t h e  tvc year  period, only 120 

(1.629.) "Not Acceptable" events occurred out  of a 7390 telecommunicaCion. 

The f i r s t  6 month per iod showed t h e  lowest r e l i a b i l i t y  ixriicator of 97.82% 

with the  t h i r d  per iod t h e  h ighes t  of 98.989.. 

The TCE system r e l i a b i l i t y  is a c t u a l l y  higher  than t h a t  shown above because 

of redundant system c a p a b i l i t i e s .  

via the  handsfree,  u t i l i z i n g  t h e  mult iplex r ad io  l i n k  could easily be over- 

come by switching t o  t h e  handsfree,  using TV audio link, t h e  h o t l i n e  o r  VHF 

link. 

A "Not Acceptable" voice  transmission 

The STARPAHC system was designed with adequate redundacy and f a i l - s a f e  
fea tures  the re  was never a "system down" s i t u a t i o n  during t h e  e n t i r e  two year 

period. 

a work around, o r  reconfigured opera t iona l  mode. 

Almost a l l  "Not Acceptables" were a c t u a l l y  inconveniences and posed 

2.4.3 Telecommunication Subsystem 

STARPAHC telecoaununication subsystem cons i s t  of f i v e  ( 5 )  subsystems ( r e f e r  

t o  Figure 2-3)  t h a t  r e f l e c t  t h e  funct ion t h a t  t h e  equipment performs. 

(Refer t o  Table 2 - 2 0  "Glossary of TCE de f in i t i ons"  f o r  explanat ions of  t h e  

24 T S . )  

i n  v a r i m s  configurat ions.  

prevented most f a i l u r e s  from dis rupt ing  a telecommunications. 

The design of t he  TCE subsystem allows a grea t  degree of f l e x i b i l i t y  

Redundancy and a l t e r n a t e  path conf igura t ion  

Most of the equipment is commercially ava i l ab le  of f - the-she l f  and i s  of 

s o l i d  s t a t e  design. (See Equipment L i s t  - Appendix C). 

2-98 



The wideband element is principally associated with Video, both Color and 

Black and White and extended response audio transmission. Narrowband is 
for audio, telemetq, data and ECG transmission. VHF is a liaison and backup 

communication capability. Slow-Scan allows the transmission of video images, 

B&W and color, from the Sells hospital to the PRC via commercial unconditioned 
telephone lines. The emergency element is in support of the hospital and 

MIIU on an as needed basis. 

A sumnary of the telecommunication subsystem follows which will FCr2vide e 
description of its function, major characteristics, and a brief discus, 
of maintenance and problems. 

Wideband. Wideband communication equipment contains ten (10) TCE items 
varying from one item such as a recorder to an assembly such as a TV camera, 
control and monitor. The lieai-t of the wideband is the RF transmitters and 
receivers through which most of the information passes. The modular units 

operate independently, powered by -24 volt direct current, and contain built-in 
alarm indicators and a built-in test panel. 
frequency between 7 . 1  and 7.Y Ghz with one video channel and one wideband 

extended low frequency audio subcarrier channel. 

Each unit operates at a speci:ic 

Maintenance is easily accomplished as the units are entirely modular constructed 

and correctire actions consisted of determining the failed module and replac- 
ing it with a spare. 

Color TV, Patient Viewinq 
A patient viewing, color TV camera, was provided at the LHSC (emergency room) 
and MHU (exam room) for normal viewing of the patient and on occasion the 

provider. 

tilt, zoom, focus and iris can be remotely controlled by the Physician, system 

operator from Sells or CHM/nurse at place of patient contact. 

The cameras are equipped with a 10 to 1 zoom lens, and the pan, 
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This camera was used f o r  most CHMIPhysician t e l econsu l t a t ions .  

r e l a t i v e l y  easy t o  prepare f o r  use and was the  e a s i e s t  of a l l  cameras 

t o  use f o r  video transmission. An except ional ly  good performance f o r  

equipment of t h i s  type was achieved however, t he  physicians Trould not  

base a d iagncs t ic  judgement on s o l e  use of t h e  co lor  camera as it could 

only provide an approximation of t he  a c t u a l  co lor  and hues and not always 

t r u e  reproduction. 

areas a t  l i g h t  levels t h a t  could be r e a d i l y  t o l e r a t e d  by p a t i e n t s ,  (as  
explained i n  conjunction with the  slow-scan TV experiments). 

It was 

A green hue p ? r s i s t e d  i n  some highl ight  and a l l  shadow 

The co lor  TV ?ameras and camera con t ro l  u n i t s  (CCU) were moderately r e l i a b l e  

and d id  not  r equ i r e  inord ina te  adjustment or  alignment. 

of t he  opera t ione l  period a l l  u n i t s  were modified by t h e  manufacture t o  

provide improved vol tage  regula t ion  t o  t h e  e l e c t r i c a l  components. 

A t  t he  beginnf-rg 

There were seven color  cameras required f o r  STARPAHC operat ions.  Ear ly  

engineering t radeoff  s tud ie s  reviewed a l l  avai laLle  cameras i n  t h e  time period 

of i n t e r e s t .  It was recognized t h a t  s tudio- type high q u a l i t y  cameras were 

ava i lab le ,  however, t h e  increase  i n  cos t  f o r  t he  program would requi re  

appro.timately $250,000. 

maintenance requirements on the  three-gun studio-type camera could be w e l l  
above the  c a p a b i l i t i e s  of t he  s i t e  operators  which i n  t u r n  would r equ i r e  

expensive maintenance contraL.;s. Another considerat ion was t h a t  s ince  t h i s  

was a tes t  bed type program it would be valuable  t o  evaluate 

the performance of commercial equipment under f i e l d  condi t ions,  On t he  bas i s  

of these  considerat ions the low c o s t , l e s s  quali ty,cameras were se lec ted .  The 

cameras were acceptance t e s t e d  and m e t  t h e i r  spec i f i ca t ions .  

A f u r t h e r  engineering considerat ion was t h a t  
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Color TV. Patient Vievinn Wcroscope 
One unit vas provided at the LESC (emergency roo) and the other in the l4iU 

(exam roam). The basic camponents =re idmtiul but the mechanical support 

structure differed due to the facility designs. (See Sect. 2.3.3 for details). 

Color Tp. Laboratory Microscope 
A triocular microscope was fitted with a color TV ~ r a .  
provided in the lab at the lasc .ad one in the Receptionhb roQ in the 
m. 

One assably vu 

The microscope due to its excellent crpabilities vas used at the LBSC often, 

according to the providers, but very feu video transmissions vere accaaplfshed. 
The microscope vas replaced by a unit not possessing video capability and the 

TV microscope was located in the HSSCC labcratory where its use is higher 
since it can be used a b 0  for Slaw-Scan Tp at this location. The MEU-TV 
microscope vas used often for routine lab uorlrups but very few video trans- 
missions vere atycmpted. Lack of video transmissions in both facilities is 
due to lack of need and nature of lab tmrk done at both clinic locations. 
The IlEU health care personnel did not have specialized training in microscopy 
which contributed to the lack of transmissions. 
specialized laboratory personnel could be maie 8vaihbIe on a test period 
basis, however, that did not occur during the tu0 years of operation. 

It vas anticipated that 

Xedical research evaluation of this system was carried out via Slow-Scan 
TV from Sells to Phoenix. (See Section 2.3.3). 

The quality of the video vas generally regzrded a s  good with respect to 
acuity, color saturation, contrast, hue etc. Typical of all the color 

cameras used in the STARPAEC, the correct hue vas not achievable across 
the color spectmm with the relatively inexpensive color cauwra. 
all images, a green hue was present in either highlights or shadow areas. 
Color diffe-entiation of mute hues were also difficult to distinguish regard- 
less of monitors aad reasonable light levc -&. 

In almost 
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Black & mite. X-ray 
A B6y TV coyrz, was provided at the LESC ( e ~  roa) and in the MIU (X-ray 

roam) that could be rmtely controlled by the Physician, system operator 
or CR¶. It cmld pan, tilt, zoap, focus, and rdjust iris in order to 'see' 
any area of .p X-ray film desired. This capability vas often used to first 
vieu the eutire X-ray film then z o a  in 011 a particular arc. of interest, 
perhaps of only 2 or 3 sq, in, 
effectively increasiug the resolving capability by the viewer. 

it could be used as 00 aurillirrp patient viewing amera, in ISH. 

=is enhanced the v iew of the area by 
Additionally, 

It's use was moderately low (95 with 56 telecmsultatims) even though it 
demonstrated it's ability to transmit a very high quality image. 
need to obtain irrediate diagnostic assistance on X-ray film was not high 

but important when needed. This camera was also used to send written data. 
Xharing installation and checkout, schematics and technical procedure images 

were transmitted for engineering informaation as well as written patient 
data during the operational period, 

The 

Black &White TV. Phvsician Viewing SCC) 

A W, 525 line, TV camera contained in the HSSCC Physician Console, located 
such that the image returned to the LBSC or HBU uould view the physician in a 
face-to-face teleconsultation, It has a wide angle fixed focus lens capturing 

b shoulder and head picture. 
ilot used for every teleco+lsultation (264 CWPhysician users and 220 medical/ 
administrative). 

usage TCE with a PAR of 99.24%. 

factors. 
is a relatively clean, environmentally controlled area. 
the resolution, contrast, lighting, etc. was not critical as the person's 
k p , e  was transmitted to primarily complete the "face-to-face" telecamnunication. 
Additiocally during several periods, the physician's or medicalladministrative 
personnel images were not transmitted, but the 'patients requested their 
transmissions to be reinstated. 

It's use was high,528 tota1,even though it vas 

It's reliability was excellent the highest of the high 

The nigh P-Vt is explained by two major 
One was the camera vas contained in the Physician's console, uhich 

The other being that 



ELaPdsfree. TV 
The Tp handsfree intercom w a s  generally used as a backup for the MlX 

handsfree intercom, however the progrlm~ audio channel did provide an 
excellent l o w  frequency response needed for transmission of heart sounds. 

This aspect vt l l  be further discussed under tha t  category. 

This audio capabili ty for voice transmission vas seldao used since the 

audio capability of the narrauband NUX vas highly reliable.  

Beartsounds 

Heart, chest and abdominal sounds could be seat from the xEI[I and UiSC via 
the Fn subcarrier audio channel of the wideband RF link. An electronic 

stethoscope vas used a t  the sensor end operated by the provider. 

It 's use vas low (19 t o t a l  with 5 medical uses) due t o  various factors. 

(See d'scussion under Section 2.3.3). 
this capability did not accept the  a r t i f a c t s  and l o w  level background noise 

heard a t  the physician's console. 

more susceptible t o  extraneous noise than the regular stethoscope and required 

careful placement and handling. For future application, additional devel- 

opment is needed as technological improvements are  necessary for physician's 

acceptan-e and consistent easy use by the CHH. 

Host physicians tha t  used or  tested 

X t  was somewftst d i f f i cu l t  t o  use as it w a s  

Maintenance of the stethoscope was re lat ively high compared t o  i t ' s  use. 

This involved primarily battery replacement and repair t o  the sound trans- 

ducer located i n  the electronics package. 

Video Tape Recorder (VTRl 

A 1 inch hel ical  scan VIR was used t o  record teleconsultations, in  color 

or  B&W, as requested by the Physician or  CEIM. 
of the CXM, Physician, and time signal could be recorded. 

Additionally r e a l  time audio 
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The cleaning of the video head and tracking adjustments was quite critical, 
and required scheduled maintenance. 

Comaraity TV and Audio 
An additional requirement vas added approximately midway through the two 

year period to present video and audio to an audience outside the MN. 
requirement was easily accaraPllodated within the existing design. 

anticipated use was to play video tapes and transmit these images with audio 

to audiences in the villages at which the MEU was visiting. 

expand the telemedicine concept to include educational TV. 

This 
It's 

This will 

The benefits to education and welfare programs that STARPABC capabilities 
afford as spinoffs are just beginning to be realized. The capability to 
comunicate periodically (over video and audio links) with the people in 
remote villages will enable teaching and instruction of all kinds to support 
such vital education programs and enviromental health, sanitation, nutrition, 

disease control, and many more. In addition, this capability accomaodates 
general conmunity discussions (with the control center area) and provides 

for transmittal of other information such as news and coordination of community, 
State, and national activities. 

Narrowband. The Narrowband element contains nine (9) TCE items varying from 
one item such as a ECG recorder to ten assembly such as the telemetry remote 
camera control units. 

The major items are the narrowband FM/FM multiplex transceivers. Each 
transceiver operates on 24 vdc at a specific carrier frequency between 
1.7 t o  1.85 Ghz. 

of audio bandwidth information with each channel possessing an out cf band E M  
( r h ) .  signaling capability. In addition each transceiver has an orderwire, 
(a special audio channel) used primarily for maintenance and troubleshooting. 

An alarm system is provided in the Quijotoa Relay Station (QRS) that it 
activated by eight (8) sensors providing audio (pretaped) alarms that are 
transmitted over the orderwire audio channel. 

They have the capability of providing up to 24 channels 
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Like the wideband equipment, some TCE listed under the narrowband category 
may operate independently or in conjunction with other equipment but 
principally support narrowband telecomunications, (for example, the audio 

channels were used during TV transmission). 
by card replacement in the multiplex chassis. 
were experienced which required component disassembly, repair and reassembly 
resulting in a little hisher maintenaace repair time than the wideband 
transmitters aad receivers. Spare modules permitted quick rerurn to service. 

Maintenance is accomplished 
Capacitor and diode failures 

Handsfree, MIX 

Handsfree, MUX, provided an audio cammunication mode allowing the health 

care providers to hear each other without the use of hands to operate 
buttons, or switches. 

The handsfree audio was used in conjunction with video telecommunications 

and many times as the sole coarmunication mode. 
audio telecommunication with the MBU were normally conducted over the 
handsfree audio channels, while only limited use of this capability was used 

by the Santa Rosa clinic personnel. 
of telephone service between the clinic and the Sells hospital. 

medical/administration teleconmrmications were with Medical Records in 

obtaining prescription information, laboratory results, and recent medical 

stmmaries. 

&dical/Administration 

This was due to the easy availability 
Most of the 

Privacy Audio, Remote 

In situations at both clinics where the CHM did not wish the patient to hear 
the audio during telecommunications, the privacy mode could be selected by 
either using a telephone handset or a lightweight small headset. 
headset was most often used as it leaves both hands free and provides good 

addlo in both directions, reducing extraneous noises such as crying babies, 
wind noise, air conditioning noise, etc. The audio reception/transmission 

is similar to a good normal telephone conversation. 

The 
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kt both clinics, the CHM could ensure video privacy by disabling the monitors 

in each room including the data comrmnication room at the Santa Rosa 

clinic. 
audio privacy by disabling the monitors and speakers on the system operator's 
console. 

At the Sells Hospital, the physician could ensure both video and 

Hotline 
The hotline provided the fastest and easiest means of obtaining audio 

comnrnication during clinic hours between personnel at the LESC and M€IU 

and system operator at the HSSCC. 

automatically causes the set at the opposite end to ring. 

Lifting the handset at either end 

The hotline was the most used TCE with a total of 2134 usages of which 366 
with cEIM/PBy contacts, 847 medical/administrative and 890*engineering tele- 
comunications. 

Medical Records and the CEiM regarding medication, treatment, prescriptions, 
and lab results. 

Most medical/administrative telecommunications were by 

It's PAR was 99.02 percent indicating excellent reliability. 

Orderwire 
The orderwire is a built-in feature of a special audio channel in the 
narrowband transceivers a!lowing audio coumunications from set to set and 

audio signaling. The use was mostly by maintenance/engineering personnel to 

accomplish system management. 
regular multiplexed channels allowing point to point comrmnications without 

disrupting data or communication of the regular channels. 

This audio capability is in addition to the 

A PAR of 98.28 indicated an excellent reliability, and maintenance was easily 
accomplished. 

*Approximately 450 of the 890 contacts were for the purpose of setting up 
teleconsultations between the CHM Physician but are shown as engineering 
telecummunications. 
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Telemetry. OR S 
The control and telemetry system was used to remotely control the QRS Relay 
Station fram the Sells hospital. 

provided by tones through one of the FM/FH multiplex channels. A touch tone 

encoder was used by the system operator and decoded at the QRS to accomplish 

m-on/off antenna rotations, generators on/off or auto etc. 

Control and override capability was 

Corrective maintenance of this TCE was relatively easy. 

simple and packaged modularly for accessibility and maiatainability. 
The design is 

ECG 
An electrocardiograph signal can be transmitted from either the MHU or 
LESC to the HSSCC for display on a 2 channel CardioscoFe or recording on 
a 3-channel cardiograph recorder in the Physician's room. Additionally, 
the signal is recorded at the transmitting end and when directed can be 

recorded by the system operator on a wideband FM channel of the audio/ 
instrumentation magnetic tape recorder, at the operator's station. 

- 

The use of the ECG transmission capability was very low but very important 
+en used due to several factors such as (1) the low incidence of heart 
&seases, (2) relatively easy referral to a hospital with a cardiologist, 
and (3) lack of a cardiologist at the HSSSC. 
lessly during all operational uses, tests, checkouts and demonstrations. 

The equipment performed flaw- 

The PAR was 1007. and was one of the best porforming, maintenance free TCEs 

in tbe subsystem. 

A / I  Recorder 
An Audio/Ihstrumentation recorder was providdd to record audio communication, 

on separate tracks, of the CHM, Physician and standard time signals. Additionally 
the ECG signal could be recorded on a wideband FM channel. 
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The PAR was 100 percent but the  recorder w a s  never used by the  medical 

s t a f f .  

E a ' s  were recorded d i r e c t l y  on the  cardiograph recorder. 

The only audio recording made was on the  video tape recorder and 

Telecoupler 
The telephone coupler was used t o  patch the  handsfree intercom i n t o  the  

d i a l  telephone so t h a t  people i n  t he  f i e l d  such as t h e  Mw personnel, 

(without telephones), could contact the  lab,  and medical records. It saw 
increasing use as the  personnel became avare of  i ts  value. 

programs, other  than hea l th  care, also used t h e  telephone coupler as w e l l  

as other  STARPAEC communication modes t o  e f f e c t  contacts  v i t h  the  d i f f e ren t  

v i l lages .  

i n  outlying v i l l a g e s  who made inqu i r i e s  t o  Sells as t o  the  p a t i e n t ' s  

s t a t u s  and well-being. 

coupler was f o r  t he  dissemination or gathering of  information concerning 

disease control ,  alcoholism, m n t a l  heal th ,  and personnel t r ave l  coordina- 

t i o n  r e l a t ed  t o  commtnity programs. 

Tr iba l  

The telephone coupler vas a l s o  used by r e l a t i v e s  of pa t i en t s  

Other than heal th  care usage of the  telephone 

Telemetry, Remote Camera Control 

The pa t i en t  viewing and X-ray viewing cameras are renotely control led from 

the  BSSCC Physicians and Operators console v i a  tone encoding/decoding 

equipment located a t  each end, and using one of the  mult iplexer 's  channels. 

The use  of t h i s  TCE was good with a t o t a l  of  253, uses. 120 of them were 

f o r  medical purposes and 107 by support personnel a s s i s t i n g  the  provider. 

The r e l i a b i l i t y  of t he  remote camera control  equipment was reasonably good 

with a PAR of 95.65. 

supply sect ion of the  receiver  i n  the MHU and LHSC. 
Most of the  f a i l u r e s  t h a t  did occur were i n  the  power 

Maintenance vas r e l a t i v e l y  d i f f i c u l t  due t o  the  packaging design and manner 

i n  which the  un i t s  were mounted a t  the  f a c i l i t i e s .  
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- - VHF. The VIIF radio element was provided at each facility and used as a 
liaison comwlnication capability primarily for microwave antenna alignment 

and maintenance/operations personnel comunication. 
external VflF handset, which initiated an alarm at the HSSCC when lifted 

from the hanger, for non-clinic hours for emergencies. 

The MIU provided an 

The VHF radio was used 678 times with 52 uses for medical purposes. 

Reliability was very good with a PAR of 98.97 percent and maintenance was 
accomplished easily. 

Use of the VHF radio link was actually much higher than recorded. 
cornmmications were accomplished point-to-point without colnrmnicating 
directly with the system operator (who recorded the usage data). 

Many 

An additional capability of the VHF radio equipment was a computer data back- 
up mode in which data would be transmitted between the HSSCC computer and 

remote facilities, in a half duplex mode (which provides for the transmission 

of signals alternately in two directions over the same circuit as contrasted 

with simultaneous transmission in f u l l  duplex). 

was used when the Traveleze trailer was substituted for the MHU on several 

occasions and provided a very important service. The VHF could also be 
used for audio ccmmmnications between the trailer and other facilities. 

This data backup mode 

Slaw-Scan. 

complexity. 
and Color cameras, monitors, and recorders. 

The Slow-Scan category contains four (4) TCE groups varying in 
The color transceivers are supported in operation by B&W 

By use of "dial-up" telephone lines, single-frame color and black-and-white 
video are transmitted to the Phoenix Referral Center for study of the subject 
matter by medical specialists. In routine use, X-rays, microscGpic slides, 

and views of patients are transmitted on real-time TV from the mobile and 
fixed clinics to the control center at Sells Hospital (or originated at 
Sells), where they can be transmitted via the dial-up Slow-Scan video link 
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t o  Phoenix fo r  addi t ional  study and consultation. 

Phoenix, t he  video images a r e  displayed on monitors and/or recorded on 

a disk and video tape recorder f o r  later playback and study, i f  required. 

This capabi l i ty  is  proving t o  be an extremely valuable t o o l  for  consul ta t ion 

(and teaching) and me t h a t  gives the  pa t ien t  i n  the  most remote area,  

d i r ec t ,  timely access t o  some of t he  f i n e s t  physicians and s p e c i a l i s t s  

avai lable .  The Eedical research evaluation fo r  tranarmission of X-ray, 

microscopic s l i d e  image:., and pa t i en t  examinations has been previously 

discussed under Section 2.3.3. 

When received a t  

The Slow-Scan t ransceivers  are so l id-s ta te ,  d i g i t a l  pulse  code modulation 

u n i t s  capable of sending and receiving color and B6dJ video images using 

unconditioned (comnercial) telephone f a c i l i t i e s ,  ( d i a l  up). The ir.coming 

composite, NTSC standard, video s igna l  i s  converted from analog t o  d i g i t a l  

data ,  s tored i n  an I C  memory and clocked out a t  a r a t e  allowed by narrow 

banckidths fo r  transmission over telephone l i nes .  The receiving end 

stores the d i g i t a l  da ta  i n  menmry and presents  the  video image on a monitor 

a s  it i s  received. 

is  wr i t ten  i n t o  memory. Transmission time pe r  image i s  231 minutes. 

The video display w i l l  remain constant u n t i l  new da ta  

The Slow-Scan t ransceivers  operated f o r  over one year without f a i l u r e .  

Fai luresin the system were exclusively those involving telephone ccuplers 

(4) 

A BMJ TV camera i s  s i t ua t ed  i n  the  HSSCC Physician', room for  primarily 

viewing X-ray f i lm il luminated by a high i n t e n s i t y  var iab le  brightness 

l i g h t  box viewer. These, and o ther ,  video images may be recorded on the  

VTR, i n  the  system operators room, or  transmitted d i r e c t l y  t o  PRC or  one 

of the  remote f a c i l i t i e s .  

console control  panel and can be panned, t i l t e d ,  zoomed, focused and i r i s  

var ied while viewing the  selected monitor i n  the  console. 

The camera i s  operated from the  Physician's 
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The TCE usage tabulation table indicates no usage of the B&W camera, however 
most of the Slow-Scan transmissions were accomplished using this camera and 

when usage was recorded it was inadvertently assumed to include the B&W 
camera. 

The maintenance on this camera was a little less than on other camera and 

controls attributed to a relatively clean and more closely controlled envir- 

onment. 

Color TV, Physician's Room 
A color TV camera was installed on a moveable arm in the Physician's room 
as parr of a test program in evaluating the Slow-Scan and ancillary equipment. 
There were a total of 23 usages with 19 of them for medical purposes over 
a 6 month period. Many of the usages included many individual images transmissions 

and would last over several hours. 

The PAR for this TCE was 100 percent attributed to the more favorable 
environment and testing associated with the numerous transmissions. 

PRC Camera. 
The Slow Scan system is capable of transmitting and receiving data at both 
terminals. It was believed that transmissions from Phoenix to Sells could 

be useful for educational and training purposes, therefore color transmissions 
to Sells hospital was verified. 

Emergency. The emergemy element consists of a Portable Ambulance module 
(PAM) in the exam room of the MHU and emergency room (ER) at the HSSCC. A 

base station is located in the physician's room at the Sells hospital which 
contains a receiver, waveform monitor, recorder, and audio communications 
capability. 
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The unit located in the ER contains equipment to provide medical procedures 
for oxygen administration, fluids aspiration, respiratory resuscitation, 

blood pressure measurement, ECC, monitoring and defibrillation. Additionally, 

audio coamrm?ication capability is provided as well as vital sign transmissions 

back to the HSSCC. 

No usage had been recorded by the system operator as transmission through 
the telecommunication subsystem did not occur except during installation 

and checkout early in the program. 

least six times with satisfactory results according to discussions with clinical 

staff personnel. 

The PAM in the hospital was used at 

One life-saving feature of the emergency unit is the defibrillator. Lethal 

energy levels are stored in the defibrillator when charged. In typical 

operation, the health care personnel removx the paddles from their storage 

area. They are connected to the defibrillator. The defibrillator is charged 

simply by pushing the CHARGE/DRAIN toggle forward until the desired energy 
level is reached as indicated by the front panel meter. 

imately 12 seconds. 
:witches are simultaneously depressed to discharge the defibrillator. 

This takes approx- 
Paddles are placed on Ciic ,iatient and both paddle discharge 

Minimal maintenance is reqvired and was limited to canlster exchange and 

battery charging. 
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2.4.4 Computer and Per iphera l  Equipment Subsystem 

The computer subsystem cons i s t s  of hardware and software.  

was comprhed of t he  computer mainframe, per iphera l  equipment end var ious  

CRT and hardcopy terminal ,  located a t  4 loca t ions ,  and suppoyting i n t e r -  

fac ing  modems and cable.  (See Inventory L i s t  - Appendix C ) .  The software 

element contained several programs and da ta  bases i n  d i r e c t  support  o f  t h e  

HSSCC computer. 

Information System (HIS) w a s  loca ted  i n  Tucson (Tucson Computer Center,  

TCC), however during August 1976 t h e  HIS was re loca ted  t o  t h e  IHS computer 

center  i n  Albuquerque, New Mexico. 

t h e  HIS information retrievals were changed from t h e  STARPAHC computer 

t o  a T ime  Division Multiplexer (TDM), while t he  STARPAHC computer supported 

only t h e  schedule da t a  base and program a c t i v i t i e s .  

d i r e c t  t o  Albuquerquc through t h e  TDMs. 

The hardware 

A support computer and assoc ia ted  software,  Health 

During December 1976 and January 1977 

Operation i s  now 

Hardware. 

problem during t h e  f i r s t  year ,  decreasing sharply i n  t h e  t h i r d  6 months 

but  with some increase i n  t h e  l a s t  6 months. 

maintenance during t h e  e a r l i e r  opera t iona l  period is  a t t r i b u t e d  t o  new 

hardware desiFn of t h e  computer and problem created by power in t e r rup t ions  

and fluctuatizi; vol tage.  

p r imar i ly  due t o  the  i n s t a l l a t i o n  of an Uninterruptable  Power Source (UPS) 
i n  June 1976. The increase  i n  downtime during the  four th  6 mont5 period can 

not  be determined as t h e  f a i l u r e s  occurred i n  several d i f f e r e n t  areas of 

t he  mainframe and dLsc dr ives  e l e c t r o n i c s  and could not  be co r re l a t ed  t o  

any p a r t i c u l a r  event o ther  tha.1 use. 

cont rac tor  i n  providing se rv ice  and p a r t s  added more down time t o  t h i s  

period than i n  p r i o r  per iods.  

A s  i l l u s t r a t e d  i n  Table 2-32 t h e  computer was a major maintenance 

The problems with hardware 

This s i t u a t i o n  improved i n  t h e  t h i r d  6 month per iod 

However, delays by t h e  serv ice  

Software. The computer Poftware was divided i n t o  two major funct ions:  

(1) Data Concentrator and (2 )  Medics Application Software. Generally,  

t he  MEDICS (See Table 2-323 Application Software usage r e f l e c t e d  about 30 

percent of t he  t o t a l  computer usage and the  Data Concentrator funct ion 

u t i l i z e d  approximately 70 percent .  
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Table 2-32 Computer Usage/Failure Summary 

May 1975 Nov. 1975 May 1976 Nov 1976 
thru t hru thru thru 

Oct 19fS April 1976 Oct 1976 April 1977 TOTAL 

Total Operation Time (hrs) 1126 1126 1377 1377 5006 

Total Operation 
Downtime (hrs) 130 2 14 32 108 484 

Percent Operational 
Downtime 11.54 19.0 2.32 7.8 9.7 

Total Failures (100% 
System Down During 
Clinic Hours) 8 14 5 10 37 

Total Varian Service 
Calls (Corrective 
Act ions) 6 I 4 9 26 

Between Failures 16.3 9.3 26 13 N /A 

of Each Failure 16.3 15.28 6.4 10.8 N/A 

-. 
No. of Operational Days 

No. of Operational Hours 

Reference 
10% is considered normal operating downtime in the computer iqqustry. 
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The usage of t he  Data Concentrator, M€DICS and the  terminals vas re l a t ed  

to the number of requests recorded. 

of input associated with each request fo r  t h e  Data Concentrator. 

inputs averaged between 1200 and 1500 per month. 

There vere approximately three  l i n e s  

These 

A l l  termhals v i t h i n  the  STARPAIE network have the  capabi l i ty  of re t r iev ing  

Health Information Service (HIS) medical sumaries from t h e  Albuquerque 

computer. 

on a l l  Papago patients.  Ident i f ica t ion ,  location, h i s t o r i e s ,  and 

medication records are provided. 

The EIS medical s-ries provide d e t a i l  medical h i s t o r i e s  

The MEDICS software usage w a s  divided i n t o  three  categories: 

(2) Program Usage and (3) ikto Base Usage. 

and Data Base i s  i l l u s t r 3 t e d  in  Figure 2-10 with the  Programs and Data 

&.;e def in i t i on  in Table 2-33. 

(1) Users, 

Relationship between Program 

NEDICS . 
The e ight  main users of MEDICS were S e l l s  Medical Records, Programmer, IMSC, 

EPSC OMIS, Paramedics, Santa Rosa Medical Records, Nurses, and Others. 

S e l l s  Xedical Records, W S C  Programdug, and the  Santa Rosa Medical Records 

accounted fo i  87 percent of t he  total  usage. There were f i v e  mair programs 

available t o  the  users: (I) RETRVL, (2) INpvrp, (3) SCHEDULE, (4) UPDATE, 

and ( 5 )  URIERS. The REl'RVL, INPUTP, HIS, a2d SCHEWTLE accounted for  48 
percent of the t o t a l  usage. 

There were 3 main data bases: 

(3) Active Medications. 

accounted fo r  93 percent of t he  t o t a l  usage. 

remaining data bases was a t t r ibu ted  t o  the  s i z e  of t he  hospi ta l  which is a 

50 bed hospital .  The l e s s  used da ta  bases were t e s t ed  for use by the  

applicable hospital  s : a f f  but i n  most cases i t  was found tha t  manual 

record keeping and a ids  programs were less tine consuming with the  number 

of pa t ien ts  and encounters involved. 

capabili ty were available t o  a la rger  hospital ,  the use of the data bases 

and programs may increase appreciably. 

(1) Schedule, (2) Equipment Records, and 

The Schedule and Equipment Records da ta  bases 

The lack of usage for the  

If the  same software and computer 
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Table 2-33 Computer Dat. 'cses and Programs 

Data Bases. 
An organized collection of data. Organization of each data. Organization of 
each data base is direct ly  related t o  the data t o  be stored; 
data is  filed i n  numeric order, time related data is f i l ed  chronologically, or  
alphabetic data such as patient names, is f i l ed  alphabetically. 
bases can be accessed by several applicatiou program. 
t o  store, report, or change data in the data bases. 

i.e., numberic 

The MEDICS data 
Users use these programs 

o PENWACY - This data is a collection of patient data regarding 
medications for  outpatients. 
primarily by the Pharmacy at Se l l s  Hospital. 

This data base i s  used 

o ACTIVE NEDICATIONS DATA BASE - This data base is  a collection of data 
regarding physician for  inpatients a t  the Se l l s  Hospital. 
In general, t h i s  data includes hours due, medication, dosage, 
physician's name, patient name, and room number. This data 
base is primarily used by the ACHED and NEDS programs. 

o SCHEDULE - This data base is a collection of patient data regarding 
scheduling patients for the specialty c l inics .  
base is primarily used by the Schedule program. 

This data 

o DISEASE LIBRARY - This data base i s  a collection of reports used by the 
paramedics and nurses. 
used by the paramedics t o  guide them i n  diagnosing diseases. 
The Nurses Standards reports a re  used by the nurses t o  remind 
them of tasks needed t o  be accomplished in  the i r  care of the 
patient. These reports are  f i l ed  by Disease Name. 

The Guidelines of Care reports are 

o OUTPATIENT RECORDS - This data base i s  a collection of patient exam 
data such as blood pressure, pulse, temperature, weight. 
This data base i s  used Frimarily by the IMS program. 

o INPATfE14I1 RECORDS - This data base is a collection of hospital  census 
information, such as admissions, discharges, and disposition 
i n  case of fa ta l i ty .  

o EQUIPMENT RECORDS - This data base is used t o  collect  data regarding 
Preventive maintenance schedules the STARF'AHC equipment. 

and procedures along with Trouble Reports and Usage Reports 
are maintained i n  t h i s  data base. 

o NURSE - This MEDICS application program is used to  report Nurses Standards 
t o  a terminal. The program u t i l i ze s  the Disease Library Data Base. 

o TMS - This i s  a NEDICS application program that  sunmarizes patient exam 
data. This program u t i l i ze s  the Outpatient Records data bases. 
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Table 2-33 (continued) 

o TESPAT - This MEDICS appl ica t ion  program types a test pa t t e rn  onto the  
screen ( in  the  case of CRT's) o r  on paper ( in  the  case of 
hard copy). This program is used f o r  check-out purposes only. 

o STATS - This MEDICS appl ica t ion  program repor t s  statistical da ta  

This program is ava i l ab le  
t o  the terminal; 
and the  terminals being used. 
t o  the user  at  t h e  terminal. 

it provides the  number of users  i n  the  system 

0 STAT5 - This software programs provided da ta  on t he  number of tines tha t  a 
data base, user ,  program or terminal was u t i l i z e d .  Additionally,  
i t  provided the  number of  HIS inputs  and outputs for each terminal 
and indicated the quant i ty  of & X S  t ransfer red  over the BSC l i n e .  

computer usage giving user  name, program(s) used, da ta  base 
used, etc. 
each a f  tcrnoon. 

o STAT3 - This software program provides da i ly  statist ics of  t he  

This program repor t s  these s t a t i s t i c s  a t  5:OO 

o STAT4 - This software program sunanarizes the  t o t a l  da i ly  s t a t i s t i c s  
contained i n  the computer f i l e .  
executed weekly, stmmrrizing C ~ P  week's computer usage. Data 
reported i s  t h e  same as STAT3. 

This program is usual ly  

o DATA CONCENI'RATOR - The Data Concentrator i s  a software program t h a t  
compacts da ta  to  be sent  t o  the  Indian Health Service Computer 
i n  Tucson. Another function of t he  Data Concentrator i s  to  
unpack compacted da ta  from the  computer i n  Tucson and t r a n s f e r  
i t  t o  the  terminal. 
d i sc ip l ine  f o r  t h e  outgoing and incoming messages. 

The program a l s o  maintains t h e  BSC l i n e  

Medics Application Programs. 

These are programs t h a t  are designed t o  i n t e r a c t  with a user at h i s  terminal.  
They s tore ,  manipulate, ox report  data  from the  da t a  bases t o  the  user  or from 
the  user t o  the  da ta  bases. These programs cons t i t u t e  a major port ion of t he  
computer usage. 

o INPUTP - This is  a MEDICS appl icat ion program used i n  s to r ing  da ta  in to  
any one of t he  various da ta  bases. 
question/answer technique where the questions are r e l a t ed  
t o  the  da ta  base and the answers a re  typed i n  (by keyboard) 
by the  user  and s tored by the  program. 

The program uses a 

o RETRVL - This MEDICS appl ica t ion  program repor t s  data  t o  the  user  a t  
the  terminal. The user  can request tabulat ions,  l i s t s ,  
e tc . ,  t o  def ine the report .  
program. 

Any data  base can be used by t h i s  
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Table 2-33 (continued) 

o UPDATE - This MEDICS application program allows a user a t  the  terminal 
t o  change o r  de l e t e  any da ta  i n  any of the  da ta  bases. 

o ACNED - AMEDICS application program whose function i s  t o  provide repor t s  
of medications due f o r  inpa t ien ts  i n  the  S e l l s  Hospital. 
program uses the  Active Medications Data Base, and is  used 
primarily by the  Nurses a t  the  Nurses Station. 

This 

o MEDS - This MEDICS application program is  used t o  s t o r e  da ta  exclusively 
i n t o  the  Active Medications Data Base. The program i s  iden t i ca l  
t o  the INPUTP program 13 s t ruc ture ,  but d i f f e r s  i n  the  amount 
of da ta  stored. 
t he  program in te r roga tes  t h e  answers t o  s t o r e  m u l t i p l e  da ta  i n t o  
the  data base. If a user s to re s  fo r  t e n  days, a ce r t a in  hour 
t h a t  a pat ien t  is  t o  receive medication, t en  sets of t5e da ta  
are stored - one f o r  eacy day at  the  given hour. 

Upon completion of a questiodanswer session, 

o SCBEDULE - This MEDICS application program generates schedules based 
on data found i n  t h e  Schedule Data Base. 
a schedule for  any c l i n i c  i n  the system and fo r  any day. 

The user  can request 

o GUIDE - This i s  a M5DICS application program t h a t  types out t h e  
Guidelines of Cr+e repcJrts t o  the  user. 
are used by the  paramedics t o  guide them i n  diagnosing diseases. 
There a re  f i v e  repor t s  ava i lab le  now. 
by the  Indian Health Service. 

These repor t s  

A l l  r epor t s  a r e  designed 

2-119 



Terminal Usage. 

I n  determining terminal usage, the  statistics on both the  Data Concentrator 

and MEDICS Application program usages were reviewed. The terminals devoted 

primarily t o  pa t ien t  hea l th  care represent 81 percent of t he  t o t a l  terminal 
usage. These terminals are located i n  the  S e l l s  Medical Records (3) ,  Santa 

Rosa Cl in ic  (21, MEiU (2), San Xavier Medical Records (2), and the  S e l l s  

Pharmacy (1). The remaining terminals (3) r e f l e c t  such pa t ien t  hea l th  

care usages as the IHS pat ien t  summaries, and t h i s  usage represents about 

10 percent. Thus, a t o t a l  of at  least 31 percent of all terminal usage 

can be a t t r i bu ted  d i r e c t l y  t o  pa t ien t  hea l th  care. 
is primarily devoted t o  Equipment Records data base usage and checkout. 

The remaining 9 percent 

2.4.5 F a c i l i t i e s  (See Appendix B f o r  de ta i led  description of facil i t ies) 

The STARPAHC system includes six ( 6 )  f a c i l i t i e s  as shown i n  Figure 2-1; 
t h ree  are fixed locations on t he  Papago Indian Reservation, two (2) are 

fixed locations of f  t h e  reservation i n  Arizona and New Mexico and one, a 

mobile un i t  t ha t  travels in t he  western region of t he  reservation ex tendkg  

modern qua l i ty  primary hea l th  care t o  t h i s  remote area. 

f a c i l i t y  i s  the  Albuquerque Computer Center with which STARPAHC i n t e r -  

faces fo r  pa t ien t  h i s to ry  records. 

The New Mexico 

2.4.6 Personnel 

Evaluation of health care and engineering personnel performance and p a t i e n t s  

a t t i t u d e  as t o  health services provided by STARPAHC w a s  accanplished by: 

o Five separate sets of recorded interviews by a Behavioral 
Sc ien t i s t  from outside the Office of Research and Development 

o S i t e  v i s i t s ,  trouble report  analysis,  and maintenance a b i l i t y  
( W )  

in terms of turnaround time i n  repairing and replacing 
equipment. 

Health S ta f f .  
o Patient interviews and questiornaires by the Papago Executive 
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Proficiency assessments came up routinely during operations. 

in performance was reported to the Sells Unit Director. 
training occurred on a scheduled and unscheduled basis. 

Degradation 

Reinforcement 

Personnel performance was judged oy; 

of the providers services, 2) the acceptability of the providers in the 
utilization of the telecommunication equipment, and 3) the ability 

of the engineering technicians in operating and maintaining the system. 

1) the patient's acceptability 

Providers Attitude. One of the objectives for evaluation of STARPABC 

is to test the assumption that health care providers will accept and use 
the new capabilities if an adequate orientation training discipline is 

maintained both for individual patient care and for other, broader, 
applications in the areas of group health education and health maintenance. 

The task of this part of the evaluation is to document the reaction of 

those full time physicians on the Papago reservation having continuous 

contact with STARPAHC, and other allied health professionals who worked 
with STARPAHC. The qoal was to record and measure attitudes and expectations 

over time as the project progressed particularly the effects of STARPMC 

on physician hours worked, number of patients seen each day, percentage 
of time spent on various kinds of activities and numbers of patients 
referred out of the area and looked at either by directly querying the 

physicians or by a review of the computerized health records for the 

patient . 

One of the compounding problems that effects our ability to understand 

attitudes towards STARPAHC is that the STARPAHC project itself has several 

unusual components. 
Papago reservation areas not previously served with direct care; it added 

two way television; 

remote areas; 
raervation without telephone lines; 

It added a mobile unit to provide care to isolated 

it added the ability to transmit medical records to 

it helped provide voice communication to areas of the 
and it added sophisticated equipment 
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such as a new camputer and technologically superior diagnostic equipment. 

Each of these components has its ova value. 

about STARPAHC had therefore t o  think of the project i n  i t s  t o t a l  sense 

as vel1 as hou one o r  combinations of components effected his/her a b i l i t y  

to  provide and/or receive good qual i ty  medical care. 
acceptance of some par t s  of STARPAHC does not necessarily mean acceptance 

of a l l  parts,  and trying t o  understand why cer ta in  aspects are more 

accepted than others w a s  a goal of the interviews and analysis. 

Each person when asked 

It w a s  shovn that 

One of the  major problems, in addition t o  the small number of physicians 

involved, i s  the high turnover rate. 

always had physician retention problem. 

no more than hK, or  three years. The physicians who were on duty during 

STARPAHC planning w e r e  replaced when the  compulsory draf t  w a s  abolished, 

three months a f t e r  STARPAHC went operational. Same positions had turned 

over twice by the time the research w a s  completed. 

turnover some of the physicians did not receive any o r  cursory t ra ining 

on STARPAHC. 

Hospital, the  center of STARPAHC ac t iv i t i e s ,  are i n  the i r  f i r s t  job a f t e r  

internship. 

The Indian Health Service has 

Nost physicians remain a t  a si te for  

Because of t h i s  rapid 

Also, the majority of physicians working a t  the S e l l s  

It is important t o  understand these factors,  as w e l l  a s  the organization of 

medical services on the reservation and the relationship with the Papago 

t r ibe ,  before counnencing an evaluation. Indian patients have few 

al ternat ives  t o  medical care on the reservation except that  provided by 

the Indian Health Service and t rad i t iona l  healers. The Indian health 

care is f ree  of charge t o  the patients (by law) and most physicians are 

kept very busy t reat ing patients i n  an environment isolated from the medical 

mainstream i n  which they have recently been trained. Most surgery and other 

specialty care i s  available e i ther  i n  Tucson, 70 miles by car from Sells, 

(or up t o  140 miles from outlying vi l lages) ,  o r  a t  Phoenix, some 150 miles 

by car from S e l l s .  

available from Sells and the f i e ld  c l in ics ,  as  w e l l  as an extensive outreach 

program provided by both the t r i b e  and Indiar. Health Service. 

Both preventive and curative rlledical services a re  
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Methodology 

The methodology, then, fo r  t h i s  study of provider a t t i t u d e s  toward and 

expectations fo r  STARPAHC must constantly involve the  consideration of these 

factors: 

providers and the  d i f f i c u l t y  i n  obtaining the  needed information. 

the  small population t o  be studied, the  high turnover r a t e  of 

The major areas of interest  are: 
provider has, proficiency assessment ra t iona le ,  t h e i r  experience with 

advanced technology, how they f e e l  t h e  STARPAHC equipment w i l l  a f f e c t  ce r t a in  

areas of medical care  i n  general, what they f e e l  arc the  major benef i t s  

and problems caused by STARPAHC, what areas they f e e l  a r e  important t o  

evaluate in STARPAHC and some of t h e i r  fee l ings  about t he  equipment and i t s  

u t i l i t y .  A questionnaire w a s  designed t o  be used i n  structured interviews. 

The questionnaire has a great many open ended questions t o  permit  the  maxinUm 
flow of information from the  providers t o  the  evaluator. After STARPAHC 
became more f u l l y  operational, several  additional questions were added i n  
order t o  learn how the  providers f e e l  about using te lev is ion  and o ther  

equipment, whether they find i t s  use harmful o r  c r i t i c a l  t o  pat ien t  care, 

whether t he  information received i s  adequate fo r  diagnosis, and t o  get feed- 

back from providers regarding what p a r t s  of t he  STARPAHC operation they give 

highest p r i o r i t y  and what pa r t s  of t h e  system they f e e l  a r e  worth keeping. 

the  type and frequency of t ra in ing  each 

As  s t a t ed  before, t he  structured interviews were held with providers who were 

o r  would be ac t ive ly  involved i n  STARPAHC. This includes a l l  physicians, and 

those CHM's, nurses, administrators and other a l l i e d  hea l th  professionals 

working with STARPAHC equipment. 

persons a t  t h e  beginning of t h e i r  involvement w i t h  STARPAHC or a t  t h e i r  

start of work with the Indian Health Service,then every four t o  s i x  months 

thereaf te r  and before they l e f t  the  project s i t e  for whatever reason. I n  

prac;ice t h i s  was not always possible since rapid turnover sometimes prevented 

an e x i t  interview. 

An attempt w a s  made t o  interview a l l  such 

In  general, most people i n  contact with STARPAHC were interviewed. 

have been a t o t a l  of 89 interviews, representing 47 individuals since 

There 
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STARPAHC began. This includes 21 physicians (four Indian Health Service 
administrators of STARPAHC, 12 practicing physicians at Sells and five 
specialists at Phoenix, some had received cursory training on STARPAHC), 
five CHM's (Physician assistants), six nurses and 15 other allied and 

administrative personnel. Of the 12 M.D. users interviewed, four were 
interviewed four times, one was interviewed three times, four twice, and 

three only once. 
five times and the rest one time only. 

before STARPAHC became operdional were not inteviewed a seccnd time as 

their involvement with STARPAHC turned out t o  be negligible. 
present a core of about 15 people, mostly physicians and allied health 
personnel, who have daily contact with STARPAHC. 

Of the five CEIM's interviewed, two were interviewed all 
Many of the staff interviewed 

There is at 

There have been five sets of interviews. 

1975, before STARPAHC went operational in April 1975, completed by 24 
individuals; and the second set in June and July 1975, given to 21 individuals; 

and the third set in November 1975, given f o  15 individuals. 
in March 1976, was given to 15 people and the last set in September 1976, was 

given to 14 people. 
in the Sells Hospital or at the field location of STARPAHC and took from 
30 to 40 minutes to 
responses to all questions. 

The first set took place in January 

The fourth set 

A I 1  interviews were held during workirg hours whether 

complete. The interviewer madeevery effort to note 

After each set of interviews, some of the data was coded and placed on coding 

sheets so that a quick review of the answers to several questions could be 

obtained to help in tabulation. 

Most respondents were very receptive to being interviewed, but due to busy 

schedules some of the interviews were interrupted. 
resulted in postponement and hence the interviewer feels that they did not 
interfere significantly with the quality of the interview, as the answers 
provided seemed clear and the providers wanted their opinion properly recorded. 

By scheduling intenriews over a reasonable period of time and in advance, the 
author was able to maximize the coverage and minimize the disruption. In the 

None of the interruptions 
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busy h o s p i t a l  and c l i n i c  s e t t i n g  t h a t  exists a t  S e l l s  Indian Hospi ta l  t h i s  

is  an  important point  s ince  the  presence of t he  interviewer a t  t h e  f a c i l i t y  

means time taken from t h e  providers  i n  a busy day. 

interviewed. 

recorded so t h a t  proirlems and b e n e f i t s  could be shared by a l l  and so t h a t  

dec is ion  makers and o the r  planners may avoid repea t ing  i n  the  f u t u r e  mistakes 

t h a t  they f e e l  have been made with STARPAHC i n  t h e  pas t .  

No one refused t o  be 

On t h e  cont ra ry  a l l  s t a f f  seemed wi l l i ng  t o  have t h e i r  opinions 

Training 
Almost a l l  personnel, including t h e  physician,  had some form cf t r a i n i n g  

regarding the  STARPAIIC equipment. In t h e  beginning t h e  STARPAHC t r a i n i n g  

regular and formal, with weekly o r  d a i l y  seminars he ld  t o  explain var ious  

technical aspec ts  of the  equipment. Some physicians who a r r ived  a f t e r  ST 
went opera t iona l  had no t r a i n i n g  a t  t h e  time of t h e i r  i n i t i a l  interviews,  

w a s  

RPAHC 

almost a month a f t e r  a r r iv ing .  O f f i c i a l  t r a i n i n g  f o r  new physicians occurred 

sometime a f t e r  t he  physician was c a l l e d  t o  t h e  consul ta t ion  room t o  assist i n  

a medical problem i n  t h e  f i e l d .  

i n  many cases was not  enough and t h a t  r e t r a i n i n g  is needed i f  constant  use  

of t he  equipment doesn ' t  t ake  place.  

t h e  CHM's i n  t he  f i e l d  who f e l t  t h a t  t h i s  would he lp  t o  b e t t e r  understand 

how t h e  equipment i s  supposed t o  be used t o  ge t  more e f f e c t i v e  use  from 

STARPAHC. 

S i x  physicians mentioned t h a t  t h e  t r a i n i n g  

More t r a i n i n g  was requested by one of 

P r io r  Experience 

In  response t o  a quest ion about p r i o r  experience v i t h  technology similar t o  t h a t  

used i n  STARPAHC, t en  physicians s a i d  they had . lot  used computers before  coming 

t o  tho Indian Health Service,  but only th ree  had not worked with a physician 's  

a s s i s t a n t  o r  CHM and only two had some experience with t e l ev i s ion .  

i n t e r e s t i n g  t o  note  t h a t  two of t h e  physicians without p r i o r  exper,ence with 

a CHM were caut ious about accept ing,  and apprehensive about t he  success of 

STARPAHC. The physicians with experience with t e l e v i s i o n  seemed more @pen 

and en thus i a s t i c  about STARPAHC i n i t i a l l y ,  although over time they had 

apprehensions similar t o  those of t he  o ther  physicians.  

It i s  
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Attitudes on Technical Capacity of STARPAHC 

In response t o  a question as t o  whether the  c l i n i c a l  information obtained 

from a teleconsultation was enough t o  subs t i t u t e  for a face t o  face encounter, 

it was reported i n  15 interviews out of 65 interviews that it was not. S ix  

physicians users,  one CHM, ind the  Physical Therapist reported ( i n  a t  least 
one and i n  some cases three  separate interviews) tha t  t he  telecommunications 

did not give enough information. Reasons given included: "the te lev is ion  

doesn't subs t i t u t e  for  a face t o  face encounter because medicine i s  s t i l l  an 

art;" 

be doing that," 9.f CElM needs help he can c a l l  on the  phone;" "skin problems 

couldn't be diagnosed on TV i n  two cases;" t h e  physical. therap is t  could not 

diamose a problem on TV because he needed pa t ien t  i n  the  hospi ta l  t o  be ab le  t o  

study the  case more carefu l ly  and f i n a l l y  some providers mentioned "equipment 

f a i lu re  i n  ear ly  stages of STARPAHC a s  being a problem" or a s  one provider 

put i t ,  "I can not pinpoint why I say TV doesn't give enough information but 

I know it i s  so a f t e r  s i x  months." 

"television doesn't subs i tu te  fo r  good medical h i s to ry  and t h e  CIM should 

When providers were asked i f  t he  use of teleconsultation was considered 

c r i t i c a l ,  17 interviews out of the  65 where t h e  question was asked reported 

a c r i t i c a l  case a t  some point during the providers experience. Some of the  

1 7  were reports by one person i n  d i - L e r e n t  interviews or by two people about 

the  same case. Four physicians users, two physicians non-users, th ree  CHM's 
reported such c r i t i c a l  cases a s  t h e  following: 

a. 
b. 

C. 

d. 

e .  

f .  

g *  

h. 

i. 

Case of a hea r t  f a i l u r e  diagnosis over STARPAHC equipment. 

Case of a dehydration i n  an infan t .  

Case of a broken bone. 

An appendix a t t ack  seen over TV not diagnosed by CHM but 
picked up by the MD. 

A laceration. 

Dispatching an ambulance in to  the f i e l d .  

To get medical records. 

To help a ch i ld  with high fever. 

A case of snake b i t e .  
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In all of the above cases cited by providers, the patients were transferred 
to Sells, and most reported by the CHM and/or MD, could have been handled 
by voice. 

Only two persons, both physicians, said they felt that teleconsultation was 
harmful but not directly to the patients. 
in general, took time away from other patients and that in so doing were 
harmfu 1. 

They felt that such consultations, 

Nine providers felt that in their opinion the telemedicine resulted in some 
negative effects. 
reported such negative effects. 
stated yes there are negative effects from telemedicine. 
four of the eight MD's users interviewed. 
were time lost by physicians when CHM has to set up equipment during con- 
sultation, leaving patients in the exam room while having to go t o  the special 
teleconsultation room, increased patient waiting while physician teleconsulte 
time lost from equipment malfunctions and Leing forced to use equipnent at one 
point early in STARPAHC by HEW direction, when it was not indicated medically. 

Nfneteen interviews out of the 65 completing this question 
In the last interview half of those interviewed 

And this included 
The major negative effects mentioned 

All physicians who have used STARPAHC, except two, said the teleconsultation 
has resulted in change of treatment plans either by requiring additional 
laboratory tebL, changing of drug therapy, or requiring additional referrals. 

Only one physician claims t o  have changed the way he treats patients as a result 
of STARPAHC. More specifically, this change is in the way he relates to the CHM, 
in that STARPAHC has given him more confidence in the CHM's ability to deal with 
patients and consequently gives the CHM more credibility and authority. 
CHM and Physician Therapist also claim that the STARPAHC equipment forces changes 
in the way they treat patients. 
than in face to face enounters. The CHM relies more c:: MD and can show area 
of problem of MD over TV. 

The 

The therapist says he must be more precise 
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The major educational value seen a s  a r a s u l t  of STARPAHC was fo r  the CHM i n  

the  f i e ld .  

t o  learn about d i f f i c u l t  cases as they come up. The poten,-ial  value f o r  

education of physicians and community was a l s o  mentioned by several  respondents. 

'Loth the  physician and CHM f e l t  t k a t  STARPAHC was useful  i n  helping 

I n  the  November, 1975 interview, a f t e r  SlARPAHC had been operat ional  severa- 

months, a question was addsd concerning the  value O L  t e lev is ion  a s  opposed t o  

voice -0uununication alone. I n  the  three  s e t s  of interviews with t h i s  question 

f ive  physicians, one CHM, and the Pharmacist sa id  they had had co ccnsuftat ion 

where voice communication alone couldn't  have solved the  problem The other  

seven (7) physicians users  a t  Sells sa id  the  t e l ev i s ion  was important i n  

helping t o  make a diagnosis,  espec ia l ly  fo r  those cases involving dermatological 

problems, lacerat ions,  reading of x-rays, eye problem, the  one appendix case 

where the:physician could see pa t ien t  react ion t c  pain,  and the  snake b i t e  

case where the  MD d i rec ted  tourniquet applicatio;  and the physical t he rap i s t  

needed TV to  see pa t i en t s  doing th.-rap:r. 

The IHS was a l so  in te res ted  i n  finding out from the  providers what p r i o r i t y  

they would place on various parLs of STARPAHC. 
any f i n a l  statement a t  t h i s  time the  evaluators have attempted t 

the  providers t o  think about t h i s  question. 

almost a l l  the  professional  s t a f f  ranked Data(computeri:.ed hea l th  records) 

f i r s t ,  voice cannmtnications second, and the MHU (Mobile Unit) t h i r d  the  

three  most important fea tures  of STARPAHC i n  a l l  surveys where the questicn 

was asked. 

general ansensus  was t h a t  data,  voice and the  MHlT were importmt components 

t o  continue. Other components iw-hich followed i n  order of p r i o r i t y  were TV 
from the  f i e l d  i n  color ,  then black and white TV from the  f i e l d ,  and f i n a l l y  

a l l  equipment. TV t o  the f i e l d  was not f e l t  t o  be impa tan t  and ranked very 

low. 

Although i t  i s  t oo  ea r ly  t o  make 

s t imuiate  

It was in t e re s t ing  t o  note t h a t  

Only one physician f e l t  no STARPAHC equipment was needed. h e  

It w i l l  be in t e re s t ing  t o  follow t h e  p a t i e n t ' s  opinion on th i s  l a s t ,  i . e . ,  

do they f e e l  tha t  seeing the  physician on t h e  TV while being cx.qined i s  
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important? 

as only three (3) p o p l e  (one MD, and one CEM and the physician therapist  and 

tuo CIPI's were the individuals reporting a need t o  see motion, re f lec t ,  pain 

expressions, etc. 

The providers do not see t h i s  as a high pr ior i ty  capability, 

Effects of STAiWA€!C 

Roviders were as..c hether,  as an ef fec t  of STABPABC, the following areas 
vould be increased, decreased o r  not changed. The trends as shown in Table 2-34 
have held up over the tvo year period without q j o r  changes. 

Benefits and Problems 

Starting with the July 1975 set of intemiews, an open ended request vas made 

of a l l  respondents t o  "describe both the major benefits and the ~ l i  *r problems 

of !nARPAEC." 

The major benefit stressed by a l l  users was that  people uho did not have access t o  med- 

ical care before STARPNC and its mobile uni t  now can get good quality care close t o  
home. 

and voice caumnication t o  the hospi ta lvas  the major asset of STARPAEC. Many 
providers liked t h e  idea that patient travel could be cut down, tha t  follow-up 

w a s  more easi'cy done, that  people came for care at an ear ly stage of i l l nes s  

and that  bet ter  patient records were available t o  f i e ld  personnel. Some Froviders 

f e l t  STARPAHC helped cut d m  patient loads a t  Se l l s  Hospital  and thar p a t i e c t  

compliance with orders was improved thru bet ter  follow-up. A l l  the physicians 

and the C€iM's f e l t  tha t  the major benefit t o  provider was t o  the CEM's whose 

confidence was improved through knowing that  consultation by a physician was 

close a t  hand. 

Physicians and other users f e l t  tha t  the mobile unit  having good CBH s ta f f  

Some of the problems mentioned have already been reported under negative 

effects of STARPAHC but were repeated in  t h i s  open-ended question. Most 

providers reported twc or three problems i n  each interview. 

problem physician3 users identified were: 

"took too much of the i r  time," and "was overly sophisticated for the population' 

needs." Several (3) physicians pointed out "that TV could not replace the a r t  

The major 

"they f e l t  XARPAHC was too expensive,'' 
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Table 2-34 Trends of Providers Attitudes Concerning Effects of 
STARP'C OD the Folloving Areas 

Increase No Change Decrease h n ' t  Know 

Cost of medical care 
Total work for  you 
Nunrber of patients seen 
Availability of charts 
Quality of medical care 
Length of hospital  stay 
?lumber of hospital  admissions 
Patient t i m e  at clinic 
Ease in reaching physician from f i e ld  
Ease in reaching a physician in Phoenix 
Physician t i n e  per day 
Physician travel 
Pa t iedPhys ic ian  bond 
Consultatton in general 
Allied personnel involvement in 

Assurance t o  patients 
r-irrmmication with administration 
Convenience t o  you 
Responsibility for you 
Scheduled interruption 
Waiting l ines  f .r  use of M l B C  
Patient apprehensiveness 
Patient travel t i m e  

patient care 

X 

X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

X 
X 

no tread 

X 

X 
X 

no trend 
X 
X 

X 
X 

X 

NUFE: Trend i s  defined as having more than 50 percent of respondents i n  
t h i s  category in a l l  those (3) sets of interviews. 
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of medicine o r  t he  H.D. -CEM-patient relationship." Some physicians (4) f e l t  

"that a major problem existed when they were forced t o  use the  TV even when 

i t  was not medically necessary, but required for  test purposes." Eight (8) 

providers (W's,  physicians and a physical therap is t )  reported problems with 

faequipment failure" and "with the  a b i l i t y  of t he  te lev is ion  equipment t o  

give an adequate p ic ture  with good color balance and reso lu t ion  fo r  diagnostic 

purposes." 

t i m e  it required t o  set up a consultation" and "physicians having t o  leave 

pa t ienrs  i n  t h e  hosp i t a l  OPD exam rooms t o  go t o  t h e  TV console" were problems. 

A fev  physicians (3) f e l t  "a problem with evaluating STARPAEC w a s  t h a t  t he  

population was too s m a l l  on the pa r t  of t h e  Papago reservation b%ere S T W A H C  

was put t o  make t h e  system cost e f f ec t ive  and d idn ' t  permit enough use of a l l  

equipment since there  were not t h a t  many serious medical problems t o  give it a 

f a i r  test." Half of the  physicians ( 6 )  f e l t  l e f t  out of STARPAHC planning and 

therefore  d idn ' t  f e e l  pa r t  of t h e  system. 

carne a f t e r  STARPAEC was operational and planning was  done by the  previous 

physicians on duty a t  the  time. 

above" and several f e l t  "training w a s  not adequate". 

problem was YjTARPAHC didn ' t  f i t  i n t o  medical prac t ice  of today because it vas 

not ava i lab le  24 hours a day and it disrupted t h e  routine of practice.'' 

A l l  physicians and other providers reported t h a t  'khe length of 

Even though most of these physicians 

It w a s  viewed "as something being imposed from 

One physician f e l t  a major 

What Should be Evaluated? 

The providers' opinion were sought on what areas are important t o  evaluate 

as a r e s u l t  of STARPAHC. 
f i r s t ,  t ha t  being the  only constant area iden t i f i ed  i n  a l l  f i v e  set of i n t e r -  

views. "Cost" ranked second i n  the  last  th ree  (3) sets of interviews, while "use 

of care" w a s  ranked th i rd .  

-ther opinions on t h i s  varied with each set of interviews so t h a t  it i s  d i f f i c u l t  

t o  make any statement concerning t h i s  question other than t o  point out t h a t  

d i f fe ren t  providers have d i f f e r ing  opinions about what areas need t o  be evaluated 

f i r s t .  

other with patient acceptance and convenience. 

It was found t h a t  "quality of care" always ranked 

'Time saved by professional' ' was ranked fourth. 

Some providers tend t o  be more concerned with professional convenience, 

The major areas of agreement 
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were tha t  "quality of care" and "cost" should be given high p r i o r i t y  i n  

evaluations i n  order t o  see what e f f ec t  STARPAEC has had on these two 
important areas of medical care. 

Only one physician was apprehensive about using te lev is ion  and other STARPAHC 

equipment while eleven sa id  they were e i t h e r  neut ra l  o r  enthusiastic.  

When asked i f  providers f e l t  SZWAHC would be successful o r  not, mer 

t h e  f i v e  interviews (89 t o t a l )  there  were 48 yes, 15 nos and 26 didn ' t  how. 

Thirteen of t he  "no" answers w e r e  by physicians, t h e  o ther  two by other 

providers. 

tu) years t h a t  "STARPAEC would not be successful". 

negative t o  pos i t ive  in t h e i r  last  interview both saying "that t he  improved 

access some Papago pa t ien t  will  ge t  t o  medical care w i l l  make STARPAHC a 

success". 

t o  a don't know i n  t h e i r  last  interview. There were only two physicians who 

were negative throughout and only one physician interviewed i n  the  first two 

interviews who was pclsitive i n  both cases. 

throughout t he  two year period. 

successful because the  Papago people would l i k e  and use it  and "because i t  

provides health care t o  a population not having care ava i lab le  previously." 

Seven physicians users out of 12 f e l t  at one point during t h e  

Tu0 physicians went from 

Two o ther  physicians changed a pos i t ive  and a negative a t t i t u d e  

Most physicians changed a t t i t u d e s  

Most other providers f e l t  STARPAHC would Se 

Sumnary and Conclusions 

Although t h i s  study represents responses from only 47 providers including 2 1  

physicians (12 physician users) and many of those physicians associated with 

t h e  project i n  the  ear ly  stages have l e f t ,  there  is evidence the  concerns of 

providers i n  STARPAHC are similar t o  those reported by others associated 

with telemedicine. (Conrath, et a1 1974; Bashshur et a l ,  1975; and Sanders 

e t  a1 1975). 

are most often c i t ed  a s  problems from the provider's point of view. 

r e l i a b i l i t y ,  however, was exceptionally high due t o  the  redundant nature of 

the  t e l e c w n i c a t i o n  network. 

Equipment r e l i a b i l i t y  and time involved i n  te lev is ion  consultations 

STARPAHC 
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Based on the five sets of interviews with 47 providers the following 
major benefits and attitudes that are considered representative are: 

Providing of health care to a PO *lation not previously receiving 
such care is highly beneficial. 

Voice, data, and the HEfil provides a high quality and much needed 
service. 

Training in the use of telecomnunication equipment is important 
not only in the early stage but through its operational lifetime. 

Froviders should feel part of the system, and be involved in 
planning and making contributions to the organization of 
such projects . 
The physician users were equally divided whether teleconsuftations 
cw~ld substitute for face to face encounters. 
Physicians/CH& reported critical cases where teleconsultations helped. 

Major negative effects reported by 19 interviewers out of 65 were; 
time lost by physician in teleconsultations where CIM would have 
to adjust or modify the equipment setup, and leaving their hospital 
patients while having to go to the special teleconsultation room. 

Management problems of a service unit or problems in dealing with patients 

can be translated into frustration and negative attitudes about all aspects 

of medical care in a service unit. 
identified may not be due to STARPAHC equipment per se, but to the way STARF'AHC 

activities are organized at this service unit. 

Same of the problems physicians have 

Patient Acceptance. 

at different villages and interviewed patients to determine the level of 
acceptance of the health care services provided to the patients of the 

Papago tribe. 

had used the MHU, and included their opinions about the use of telecomunica- 
tions in place of a personnel consultation with a physician and traveling 
to/ from Sells Hospital. 

The Papago Executive Health Staff visited the MHU 

This section is limited to a study of those patients who 
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The Papago Executive Health Staff implemented t h i s  study. 

w a s  designed by Papago hea l th  s t a f f  members with consultation from s t a f f  of t he  

Office of Development (L. Berg), and from a consultant i n  behavioral s tud ies  

who investigated t h e  a t t i t u d e s  of heal th  providers reported i n  the  p r io r  section. 

The questionnaire 

Interviewers were members  of t he  Papago hea l th  team. 
i n  e i the r  English or Papago Language during the las t  month of t h e  two year 

evaluation period, April 1977. 

Interviews were conducted 

The interviews were held a t  t h e  four scheduled stops fo r  t h e  mobile hea l th  u n i t  : 

t h e  Pisinemo, GuVo, Hickiwan, andKaka ccmununities). Due t o  the  short  time 
t h e  mobile unit w a s  at each unit (about 6 hours), only a small por t ion  of pa t i en t s  

were interviewed each day. No persons refused interviews. 

31 interviews were completed during six days, April  13th through the  21st. 

patient encounters occurred during t h i s  period and 28.97.were interviewed. 

interview rate varied from 20 t o  39% by the  stop f o r  the  mobile un i t .  

results are shown in Table 2-35. 

107 

The 

These 

11 males and 19 females were interriewed. 

10 t o  58 years. 

and 35.7 years f o r  t he  t o t a l  group. 

The age of these pa t i en t s  ranged from 

The mean age was 40.4 years f o r  a l e s ,  32.8 years fo r  t he  f e l e s ,  

The majority (93.32) said they l iked the service provided, t he  a t t i t u d e  of the  

nobile u n i t  s t a f f  (loo%), and they f e l t  t ha t  t h e i r  questions about t h e i r  hea l th  

had been c l ea r ly  answered (76.6%), and t h a t  a l l  other questions had been clearl! 

answered (757.). These responses did not vary grea t ly  by the  s i te  of t h e i r  v i s i t s .  

Other group responses with l i t t l e  variance by s i t e  were tha t  most f e l t  they had 

waited a short  time (30 minutes or l e s s ,  61.3%); b s t  f e l t  t h a t  t he  mobile un i t  

had not been la te  (74.1%), and t h a t  most would prefer t o  v i s i t  the health 

service a t  t he  s i te  of the  interview (63.3%) ra ther  than go t o  e i t h e r  t he  S e l l s  

outpatient department or  the Santa Rosa health center. 
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Table 2-35 Interviews with Patients Using the Mobile 
Unit by Site, Age and Sex and Percent of 
Total Visits - April 1977 

Canmunity and No. of Number of Number of Percent 
Site of Clinic Days Patients Interviews Interviewed 

1. Hickiwan 2 32 11 34.4% 

2. Kaka 2 23 9 39.1% 

3. Pisinemo 1 24 5 20.8% 

28 - 6 21.47. - 1 - 4. GUVO 

TOTALS 6 107 31 28.97% 

2-135 



Hickiwan was t h e  location where the largest  portion of pat ients  had 10 or  

more v i s i t s  t o  the uni t  p r ior  t o  the interview (63 .6%) ,  but t h i s  greater  

experience did not relate t o  any variance of response t o  questions when canpared 

with the pat ients  a t  the other sites. 
i n  'Cable 2-36. 

point. 

t i m e  f ran  leaving t h e i r  home u n t i l  returning, only 307. thought t h i s  w a s  a 

"short" interval ,  33% thought a 'boderate" interval ,  and 37% a "long" time. 

This was especially t rue  for  those pat ients  f ran  PiaOik that  were  seen a t  

GuVo, 15 minutes from t h e i r  home. 

These r e s u l t s  are tabulated by s i te  

However, the responses t o  one question had no majority view- 
When asked about the time they had spent receiving services plus the 

Of the  total group, only 8 persons (27.6%) s a i d  tha t  any of the special  

telemedicine equipment ha6 been used during t h e i r  visi ts .  

more pat ients  had experienced telemedicine a t  Hickiwan (36.4l.) and Kaka (33 .3%) .  
than at the other two s i t e s .  

and on2 had an roentenogram transmitted. 

Proportionately 

Seven had experienced a video consultation 

Most of these seven persons f e l t  t h a t  i t  w a s  important t o  be able t o  see 

themselves on the te levis ion monitor as w e l l  as t o  see the image of the 

consultant from the primary care hospi ta l  a t  S e l l s .  However, all s i x  

persons who had experienced a remote consultation and responded, thought it 

would have been be t te r  t o  have seen the physician consultant i n  person than 

via the television. These responses ire tabulated i n  Tables 2-37. 

It was thought t h a t  cer ta in  cross tabulations of questionnaire responses 

might add t o  the understanding of p a t i e n t ' s  a t t i tudes .  

t h e  small numbers involved and the lack of variance t o  cer ta in  key questions, 

generally trying t o  couple questions as l i s t e d  below showed no correlations.  

However, because of 

1. Would the pa t ien t ' s  a t t i t u d e  toward health services i n  general, the mobile 
uni t  s t a f f  i n  par t icular ,  the time spent waiting for  s s x i c e s ;  and the 
time spent away from home vary with the number of v i s i t s ?  

Would the pa t ien t ' s  a t t i t u d e  about sZAvices received vary with t h e i r  
perception of waiting for  service? 

2. 
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3. 

4. Would those patients who received teleconsultations feel that their 

Would the patient's attitude toward services received vary with their 
perception of the health provider's attitude toward them? 

health problems had been more clearly explained then those who had not? 

Generally, the 31 patients interviewed at the end of the second year of 

operation were as positive in their responses as the 18 persons queried at 
t h e  end of the first year. Health services rendered by a Community Health 
Medic in a mobile clinic are thought to be acceptable and valued. 

consultation with a physician via television cannot substitute for a diczct 
consultation, but t )-way television is preferred. 

Remote 

It is planned for Ms to continue further interviews with patients using 
the mobile clinic, as well as other sites where service is rendered. 

Further analysis will either confirm or redirect the trends observed in this 

preliminary study. 

Engineering Technicians Performance. One of the objectives for  evaluation of 

STARPAHC is to test the validity and feasibility of maintaining and operating 
a complex system in a rugged desert environment. 
form of maintenance and operators"perfcmance , their ability to keep the 
system on-line, quick-turnaround on repair, adoptation and flexibility to 

incorporate design modifications, and incorporation of new equipment. 

Test results are in the 

Four LMSC site personnel, supported by an IHS technician operated and maintained 
the system during the two years of operation. Maintenance was performed by a 
maintenance technician knowledgeable in electronics/mechanics and specialized 

skills such as diesel generators, welding etc. 
manager and either of the two system operators. 
hardware was accomplished by the system operator supported by a NASA furnished 
maintenance contract with Varian. Software and terrhinai maintenance was fully 

supported by the trained system operator. 
equipment was provided at the site which permitted routine calibration and 
communication equipment alignment. 

He was supported by the site 
Maintenance of the computer 

A complete set of calibration 
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Services  beyond t h e  c a p a b i l i t i e s  of t h e  s i t e  personnel were; 

microwave conmrunication module r e p a i r  and r e p a i r  of some terminal and 

computer f a i l u r e s .  For those s p e c i f i c  r e p a i r s ,  t h e  equipment was e i t h e r  

s en t  t o  a q u a l i f i e d  s p e c i a l i s t  or t h e  vendor f i e l d  r ep resen ta t ive  would 

v i s i t  t he  site. 

engine overhaul,  

System operat ion of t h e  console was t h e  s o l e  r e s p o n s i b i l i t y  of  one operator .  

The operator  spoke t h e  n a t i v e  language which was a d e f i n i t e  asset i n  h i s  

assignment. The system operator  was supported during t imeout,  vaca t ions ,  

etc by another system operator  whose prime duty was o p e n t i n g  t h e  computer 

system. The s i te  manazer a l s o  supported console operat ion when needed. 

Prof ic iency checks were c a r r i e d  out by t h e  si te manager by inspec t ing  

r e p a i r s ,  keeping a system log on d a i l y  events ,  and reviewing d a i l y  t h e  

maintenance logs and the  system opera tor  log. 

Assessment of s i t e  personnel performance was made by frequent  s i t e  v i s i t s  

of management and technica l  personnel from NASA/IHS/LMSC. Six  month o r a l  

b r i e f ings  were he ld  a t  IHS-ORD (San Xavier) during which performance and 

r e s u l t s  of t h e  operat ion were reviewed with t h e  s i t e  manager and 9 s i t e  

i t spec t ion  v i s i t  was ca r r i ed  out .  

The f i r s t  months of operat ion were t r u l y  

during which equipment, personnel,  and procedure problems were experienced. 

During the  f i f t h  and s i x t h  months, personnel and equipment performance improved 

and became somewhat s t a b i l i z e d .  The second, t h i r d  and four th  6-month 

evaluat ion per iods continued f a i r l y  well s t a b i l i z e d  with minimal e f f e c t  upon 

operat ions caused b:v equipment f a i l u r e s ,  performance anomalies, and per-  

sonnel changes. During these  l a t t e r  per iods cons t ruc t ive  improvements i n  

hardware and opera t iona l  procedures were implemented t o  reduce maintenance 

requirements, improve performance, and increase  r e l i a b i l i t y .  

an opera t iona l  "sbakedown" per iod 
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Interface with th two government agencies (NASA and IHS) with the Papago 
Executive Health Staff, and with the resideqts of the Papago reservation 
were accomplished as needed. 

2 . 4 . 7  Logistics (See Table 2-38 for summary of utilization of expendabkc). 
Logistic support was primarily provided by site personnel supported when r.eeded 
by Lockheed Sunnyvale o r  other vendors. 
Spare lists were kept on-site. Day-to-day logistics supplies were purchased 
locplly wherever possible, e.g. diesel fuel €or generators, oillgas for 
the MW. 

Inventory control was computerized 

The Logistics subsystem consist of thiee elements: (1) maintenance, (2) spares, 
and (3) calibration. These three elements were operated, monitored and 
controlled by the implementation of the STARPAHC Logistic Plan and Operational 
Support Plan. 
management and calibration. Additionally, they recognized the areas of 
responsibility for NASA, IHS and LMSC and aided in the successful coordinated 
logistics effort. 

These provided the plan for maintenance, supply and inventory 

Maintenance. Maintenance was divided into two categories, which were pre- 
ventive and corrective. Maintenance was performed -a task assignment in 
which certain areas of responsibility were placed with individuals accord- 
ing to skill, experience and familiarity. These assignments wer2 by 
individual equipment leveis and :overed both operation and maintenance. The 
level of maintenance performed also determined the individual responsible 
for certain equipment types. 

preventative. 
Preventative (first-echelon) maintenance (PM) was accomplished on destgnated 
equipment by the system operator and maintenance technician. A set of pre- 

ventative maintenance instructions (PMI) were written dnd followed on all 
applicable equipment and included facility and mobile equipment. 
of these were: 

Examples 
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the Mill engine, chassis and drive train, power and dis t r ibut ion at  the Qias 
and on the  The resu l t s ,  materials 

used and c-ts were recorded and maintained in the Preventative Haintenance 

Report (m) by fac i l i ty .  

eqwipment type and coordinated w i t h  available personnel, 

placed on scheduling Rh on equipment so as to reduce travel mileage and 

t i m e  and prevent less bportant R4 from interfer ing on important PHs. 
Preventative maintenance on the Mill was scheduled t o  occur on Friday and 

Saturday, therefore other maintenance was scheduled on Monday through 

and waterbaste systcms on the  Mill. 

A R4 schedule vas established by fRci l i ty  and 

m h a s i s  was 

Thursday. 

Corrective. 

Corrective maintenance (cn) vas performed upon observation of fa i lure ,  de- 

gradation o r  other ammaly other than minor adjustment or alignment per- 

forned during R4.s. The logic diagrm of Figure 2- 11 w a s  used as a very 

belpful guide in yes/no step t o  accomplish ospedient repairs, replacement 

or adjustments. 

decision was made as t o  inplace correcticm of; 

Uhen a fa i lure  or malfunction was discovered a f i r s t  line 

removal, replace or repair. 

S i t e  resources for  corrections were assessed as w e l l  as skills, outside vs 

in-house cost of repair ,  warranty repair  or replacement and time involved for  

subsystem or element restoration. 

and appropriate action ini t ia ted.  

experienced for  most of the  vendor/manufacture repair. 

video RF transmission equipment N[R[ video, TV camera, electronic generating 

sets, Mm chassis and running gear and VHF radios. Approximately 90 percent 

of the corrective maintenance was accomplished by si te personnel with the 

remainder performed by outside services, mostly under warranty repair. 

of the non warranty repair  tha t  was accomplished by a vendor was due t o  the 

fact  that  a test set w a s  involved and/or the vendor personnel possessed 

inf in i te ly  more familiari ty with the component than s i te  personnel. 

These factors w e r e  carefully weighed 

Very good repair  and turn around w a s  
This included the 

Most 
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Figure 2-11 Logic Diagram - Maintenance, Calibration, and Repair 

SEND TO 
=POT OR 
SALVAGE 

2-145 



Spares. 

management and fuel  services. 

The spares element was comprised of spares control, supply property 

Spares control. 

Early i n  the STARPAHC deployment a cri t ical  flow analysis was performed to  

determine equipments, l i ne  replacement units (IRU) and components tha t  i f  

fa i led would cause the loss of a capabili ty (TCE) o r  subsystem element. 

t h i s  analysis a spares list was prepared and those ident i f ied par ts  and 

equipment were procured and maintained as s i te  spares. 

for  cost, delivery lead times, etc. Those necessary t o  minimize service 

interruptions and within cost constraints w e r e  

From 

Par t s  were analyzed 

selected. 

A spares list was maintained a t  the spares location which l i s t ed  each spare 

items by nomenclature, part  number, manufacture, sparing level,  on hand and 

on order. 

monitoring and ordering purposes. 

depletion of 8 spare i t e m  the card w a s  entered in to  the short f i l e  and 

h e d i a t e  reordering was in i t ia ted .  

critical, consumable or other. 

such as the highest, "Critical operational i t e m ,  immediate reorder a f t e r  

spares expended", lower category "long lead i t e m  3n excess of 60 days", 

t o  "Available i n  Tucson Area", to  the lowest, "Manufacturing residual - do 

not reorder". 

A monthly inventory w a s  made of the list vs the  actual spares for  

Additionally upon exhaustion or estimated 

Pr ior i t ies  were placed on a l l  spare, 

These p r io r i t i e s  wre ranked i n  categories 

Consumables that  =ere not of c r i t i c a l  nature were inventorized 01 cach 

month and reordered. Most of these were obtained locally or  i n  Tucson. 

Suppiy and Property Management. 

Magnetic tape, video tape, computer paper and other supplies were ordered 

on a "as-needed" basis by monitoring the level and in i t i a t ing  proper action. 

Property maqagement was monitored and controlled by t h e  property inventory 

l i s t ing .  

s e r i a l  and model number and the NASA property tag s e r i a l  numbsr. Each s ix  

This l i s t i ng  i ien t i f ied  a l l  major equipment by name, manufacture, 
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months the complete STARPAHC system was  inventorized by a property account- 

ing spec ia l i s t  and a report  prepared. (See Appendix C) - 

Scraped o r  surplused pa r t s  were controlled through t h e  property accountant 

in order that proper records were maintained. 

Fuel Services. 

Fuel w a s  required for a l l  of t he  f a c i l i t i e s  on t he  Papago r e s e n a t i o n .  

Liquid Petroleum Gas (LFG) was required for the L S C  and for  t h e  QRS p r i o r  

t o  the  2nd d i e se l  i n s t a l l a t ion .  Diesel w a s  required f o r  t h e  QRS a f t e r  the  

f i r s t  d i e se l  set and fo r  HSSCC during tho period p r i o r  t o  t h e  UPS in s t a l l a t ion .  

Gasoline vas required fo r  t he  WEN and i ts  electric generating sets. 

The LPG for  the QRS was obtained from l o c a l  sources i n  Se l l s ,  Arizona and 

was replenished on a 12 t o  14 day bas is  during the  time the  LPG w a s  a prime 

fue l  source. 

installed,LPG level for t h e  LHSC w a s  monitored per iodica l ly  and the  IIfs 
no t i f i ed  when low. 
rate with bulk storage a t  the  HSSCC. 

the bulk storage fo r  t he  HSSCC/coatputer generator. 

tained was monitored for l eve l  periodically.  

Replenishment was  on an as-needed bas i s  a f t e r  t he  d i e se l  w a s  

Mese l  fo r  t h e  QRS w a s  replenished on a 30 t o  35 day 

Fuel was supplied d i r e c t l y  from 

The bulk storage con- 

Arrangements f o r  t he  MHU gasoline supply w a s  made through the  S e l l s  GSA 

sub-motor pool. 

re turn  t o  S e l l s  was not p rac t i ca l ,  and services were made ava i lab le  a t  Trading 

posts fo r  supply. 

Additionally f u e l  w a s  required during the  week, when t h e  

Calibration. 

on the  STARPAHC test equipment. Calibration of the  t e s t  equipment was performed 

by a Secondary Standards Lab located f i r s t  i n  Phoenix and then Tucson 

t o  a frequency established by spec i f ica t ion  and type. 

i n  consoles o r  racks were routinely ca l ibra ted  using the  t e s t  equipment 

thereby ma  taining an overa l l  system ca l ibra t ion  standard. 

(Location HG) for l i s t  of ca l ibra t ion  equipment. Instruments were ca l ibra ted  

every 6 months. 

Calibration and a ca l ib ra t ion  s t a t u s  report was maintained 

Equipment contained 

See Appendix C 
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Section 3 
DMONSTRATION COSTS SUMMARY 

Cost considerations as evaluating factors must be viewed in the context 

of the program's principal goal - "to evaluate the value and potential 
of telemedicine using CHMs for quality health care delivery to people 

in a remote area." 

not been a workable or permanent solution (although in isolated cases it 

may have been an acceptable temporary stopgap measure). Therefore, when 

cost is being used as a decision and/or evaluation factor, it rnrst be 

considered relative to the value and need for a solution to the problem 
of remote-area health care delivery, and in the context of STARPAFX 

being essentially a research and development and not a "production" effort. 

Offering physicians excessive monetary rewards has 

To provide objective, accurate cost data, STARPAHC conducted a continuous, 
thorough cost analysis, considering both the recurring and nonrecurring 

costs for the system and each of its major elements and functions. Existing 

data reveal that the "cost per outpatient visit" figures are most meaningful 

and do equate favorably with costs for outpatient visits in comparable 

facilities without telemedicine capability. Projected IHS costs for the 
next operational period show a reduction in the cost per outpatient visit 

( O W ) .  

reduction in the number of operational personnel. 

This will be accomplished by simplifying the data system and a 

Demonstration costs for this, first of a kind, program are provided as refer- 
ence information to future telemedicine system planners. It is expected 

this data will be of value to planners when analyzing the most cost effective 

system details €or their respective areas. It is recommended that this data 
be used in conjunction with the information presented in Section 4,  e'xport- 

ability, and appropriate interpolations and extrapolations from prior 
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sections of t h i s  r epor t  t h a t  i nd ica t e  po ten t i a l  problem areas. 
p r i o r t i z i n g  of requirements, t h e  planner should c a r e f u l l y  screen and select 

components and determine l i k e l y  operating procedures, a l l  with some respec t  t o  

cos t  - but cos t  itself should not necessar i ly  be t h e  s o l e  determining fac tor .  

After s t r ingen t  

3.1 PROJECT STARPAHC COSTS 

Tsw government agencies (NASA/IHS) and through the primary cont rac tor  t o  NASA, 

Lockheed Missiles and Space Co., Inc. (INSC) provided t i m e  and mate.La1 t o  the  

project.  STARPAHC c o s t s  include t h e  acquis i t ion ,  maintenance and operation of  

systems and equipment by LWC. 

Service of providing primary medical services and support a t  t h e  Mobile Health 

Unit and &e Santa Rosa Center S i t e  and the  c o s t . o f  providing secondary / te r t ia ry  

telemedicine services a t  t h e  S e l l s  Hospital and t h e  Phoenix Referral Center (PRC). 
Minor d i r e c t  support c o s t s  of NASA are covered. 

cos t  ana lys i s  are t h e  cos t s  and funding of pro jec t  planning, development, manage- 

ment and evaluation as borne by NASA, IHS, and WSC, Sunnyvale. However, eval- 
uation funding needed f o r  USC s i te  personnel pa r t i c ipa t ion  a r e  included. 

Also included are t h e  c o s t s  t o  t h e  Indian Health 

Spec i f i ca l ly  excluded from t h i s  

Also excluded from this c o s t  ana lys i s  are equipment cos t s  whose functions were 
discontinued by NASA p r i o r  t o  t h e  c l o s e  of t h e  two year dernonstration period. 

These include: 

Tota l  Recurring Cost $ 74,000 

Tota l  Nonrecurring Equipment Cost* 272,014 

Tota l  Recurring and Nonrecurring Cost $332,014 

*Replacement of t he  Varian 73 computer and its per iphera ls  with the  T ime  Division 

Multiplexer units when the  HIS computer and t h e  d a t a  base moved t o  Alburquerque 

accounted f o r  $217,025 of t he  nonrecurring cos t  of $272,014. 
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This presentation of STARPAHC costs includes: 

Recurring Costs: for operations and maintenance, including labor, parts, 

expendables, subcontracts, util!+ies, and transportation. 
Nonrecurring Costs: for (a) capital equipment, and (b) design, engineering, 
labor, consumables, and installation and checkout costs. 

Unit Costs: for outpatient visits and per hour of operation. 

The period covered is May 1975 through April 1977. 

3.2 RECURRING COSTS OF PROJECT STARPAHC OPERATIONS AND MAINTENAXE 

The recurring operations and maintenance costs of the agencies involved 

in Project STARPAEC are described as follows. See Figure 3-1 for cost 
distribution by agency. 

Indian Health Service's costs include medical support and consultation 

for thiSTARPAHC system, edical operation of a fixed base and mobile 

clinic, health records, pharmacy, lab, X-ray senrices, transportation, 
maintenance of buildings and grounds, and related field administration. 

Nine full time persons were employed, six at the fixed base clinic and 

three on the Mobile Health Unit. Costs are nominal for physicians and 
support personnel assigned part-time to STARPAHC functions at the Sells 

Hospital and the Phoenix Referral Center. 

Lockheed site costs cover field operations and maintenance of the STARPAHC 
telecommunication systems and hardware including the central control point 
at Sells, the Relay Station, the Mobile Unit, the fixed site facility at 

Santa Rosa, and the Phoenix Indian Hospital referral site. At Sells, 

Arizona, three full time employees were responsible for day to day operations 
and maintenance. Support for the evaluation is included. This support con- 
sisted of data inputs into the computers. 

Lockheed costs at Sunnyvale cover engineering support required to resolve 
field operational problems. Key personnel were assigned as needed €or 
field support. 
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RECURRING TWO-YEAR COST OF OPERATION AND MAINTENANCE 

Inflationary IHS LPSC NASA Total 
Site m Increase 

During Periods 
First 

Second 
6 Months $ 9.8K 116,645 44,736 32,626 6,900 200 , 907 
Third 
6 donths $ 1O.OK 120,652 55,635 35,993 6 , 900 219,180 
Fourth 
6 knths $ 10.9K 121,049 57,465 33,484 6,900 218 , 898 

6 Months $ - 112,688 41,188 35,662 6,900 196,438 

Total $ - 471,034 199,024 137,765 27,600 835,423 

NONRECURRING TWO-YEAR COST OF ACQUIRING STARPAHC SYS- 

IHS LMSC6rNASA Total 

Installed 
Equipment 20,729 756,379 777,108 

- 10,305 System Improvements 10 , 305 
Design - 191,000 191,000 

ACCep t anc e - 95 , 000 95 , 000 

Installation, Checkout, 
Training - 93,968 93,968 

Totals 20,729 1,146,652 1,167,381 
Amortization 6 Month 
Rate 1,037 57,332 58 , 369 

Figure 3-1 Recurring and Nonrecurring Two-Year Cost of Operation 
and Maintenance 
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NASA provided f o r  the  cost  of vehicles  furnished t o  Lockheed employees on 

the site. 

Operations and maintenance cos ts  were tracked monthly as incurred by each 

agency, (see Figure 3-2). 
operations and maintenance (OW) cos ts  showed a gradual increase f o r  

materials and labor during the  two year period. 

f luctuated with demand generated by equlpment and support problems, showing 

a small increase i n  the  second year. Also r e t roac t ive  changes fo r  r a t e  

adjustments, as allowed per iodica l ly  by the  government agency APRO, a r e  

re f lec ted  i n  increases espec ia l ly  i n  the  t h i r d  and fourth 6-month periods 

of approximately $17,000. In  addi t ion,  cost  increases  do r e f l e c t  t he  

e f f ec t  of an annual i n f l a t iona ry  rise of approximately 10%. 

Indian Health Service and Lockheed on s i t e  

LMSC engineering slipport 

3.3 
The nonrecurring cos ts  incurred by the  involved agencies i n  acqui:ing 

and i n s t a l l i n g  Project STARPAHC systems and equipment a r e  b r i e f l y  

described i n  the  following paragraphs. See Figure 3-1 fo r  cost  d i s t r i b u t i o n  

by agency fo r  i n s t a l l ed  equipment system improvements, and development 

costs .  

NONRECURRING COSTS OF ACQUIRING PROJECT STARPmC SYSTEMS 

Indian Health Service (Department of Health, Education, and Welfare) 

cos ts  include improvements t o  buildings and s i t e s  t o  house STARPAHC 

equipment and workspace for  personnel. 

Lockheed and NASA nonrecurring STARPAHC equipment cos ts  include microwave two-way 

audio and video communications, VHF rad io  and telephone voice and data  

communications, and recording and playback equipment. A control  center  

is provided a t  Sells Hospital  with P Slow-Scan telephone l i nk  t o  the 

Phoenix Referral  Center and VHF/Microwave l i nks  v i a  a re lay  s t a t i o n  t o  

the  Mobile Cl inic  and the  Santa Rosa Clinic .  
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Excluded are management costs, mockups, site studies, and other non- 

specific project expenses. 

Capital equipment costs and significant system improvements of the types 

described above are amortized over a ten-year period, without interest. 
Ten-year amortization has been chosen based on the anticipated life of 

major system equipments. 

3.4 "HE NATURE OF STARPAHC UNIT COST CONSIDERATIONS 
In developing unit cost under Project STARPAHC, several options were 

studied. Two are conrmented upon below. 

3.4.1 Cost Per STARPAHC Outpatient Visit (OW) 

This includes the cost of treating each outpatient visit, whether or not 
the telecommunications system was used for each outpatient. Outpatients 
involved are those at the Mobile Health Unit and the Santa Rosa Clinic. 
Fluctuations in the number of such patients' visits have a significant 

impact on such unit costs from period to period. It is noted that the 

cost per OW, as a unit of measure, is flexible, allowing for comparisons 

between different kinds of facilities. See Section 3.5 for discussion of 
unit costs per OW. 

3.4.2 
An alternative method of analysis which may be zf use to telecommunication 
planners would be cost per operating hour of the clinics. It is computed 
separately for each clinic because different hours of operation between 

the two clinics (20 hours w-ekly for the Mobile Health Unit and 40 hours 

weekly for Santa Rosa) make it impossible c o  develop a common unit cost. 

This is brought out in 3.5.3. 

Cost Per Hour of Operation 
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3.5 COST PER OUTPATIENT VISIT TO STARPAHC FACILITIES 
(See Table 3-1 and Figure 3-3) 

This analysis relates the total number of outpatient visits at the mobile 
and Santa Rosa Clirics to the total cost of operating these clinics, in- 

cluding the cost of telecommunications and the telemedical refcrral and con- 

sultative services available at Sells and Phoenix, Arizona. 
are presented in two versions; the first is based on recurring operations 
and maintenance costs only and the second is based on a consolidation of 
recurring and amortized nonrecurring costs. Variations in unit costs are 

also shown for the mobile versus the fixed site clinic. 

Such costs 

3.5.1 

Project STARPAHC operations and maintenance includes the overall recur- 

ring costs of the government agencies involved (NASA, IHS) and Lockheed 
as shown in Table 3-1. Between the periods of May 1975 through April 1976 
and May 1976 through April 1977, the fluctuations in cost per outpatient 
visit reflect variations in numbers of patients served and an uptrend in 

Recurring Operating and Maintenance Cost Per Outpatient Visit 
at STARPAHC Facilities - Summary 

prices and costs. (See below.) 

Based on two years operations 

First year period 
Second year period 

$49.64 

48 .M 

50.87 

The cumulative two year cost per outpatient of $49.69 is compared with 
the FY1976 baseline cost per non-STARPAHC outpatient at the Sells Hospital 
(including patients serviced at the Santa Rosa Clinic) of $34.00 per out- 
patient visit. 

The only telemedicine project with outpatients' costs on which any data 

is available for a very generalized comparison is the East Harlem Child 

Health Care Station/Mount Sinai Project*. The cost per patient visit of 

*Medical Care, March 1977, Vol. XV, No. 3, "Cost Factors in Urban Telemedicine". 
Charlotte Muller, Ph.D., Carter L. Marshall, M.D.,  Melvin Krasner, Nicholas 
Cunningham, M.D., Edward Wallerstein, and Beatrice Thomstad. 
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TABLE 3-1 

COST PER OUTPATIENT V I S I T  

F i r s t  Second 
Year Year --- 

R e c u r r i n g  Operations and main tenance Costs - A l l  Agencies 

Number o f  OPV's 8,203 8,611 

Agency Cost  

I H S  $229,333 $241,701 

Lockheed Sunnyvale 68,288 69,177 
NASA 13,800 13.800 

T o t a l  R e c u r r i n g  C o s t  %397,345 $438,078 

R e c u r r i n g  Cos t  Per  O P V  . $48.44 $50.87 

Lockheed S i t e  85,924 113,100 

R e c u r r i n g  0 & PI C o s t s  P lus  A m o r t i z e d  N o n r e c u r r i n g  Coct.9 

R e c u r r i n g  0 & M C o s t  $397,345 $438,078 

N o n r e c u r r i n g  Cos t  - Amort ized"  

I H S  $ 2,074 3 2,074 
Lockheed & NASA 107,470 114,664 

T o t a l  N o n r e c u r r i n g  C o s t  $109,544 5116.738 

T o t a l  C o s t  $506.889 S554.816 

R e c u r r i n g  & N o n r e c u r r i n g  

C o s t  Per OPV S61.79 $64.43 

I 

T L ~ O  
Year 
Summary 

16,810 

$471,031 
199,024 
137,765 

27,60U 

t 8 S 5 , 4 2 3  

349.69 

8835,423 

4,148 
222,134 

8226,262 

BI.-~fl61,705 

$63.14 

*Equipment c o s t s  are a m o z t i t e d  o v e r  t e n  yea r  o e r i c d  based on 
e s t i m a t e d  equipment  l i f e ,  
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BASE LINE (G) 

RECURRING OPERATIONS 
AND MAINTENANCE COSTS 
PER OUTPATIENT VISIT 
(IHS, LOCKKtED, NASA) 

NON-STARPAHC COSTS 

AM:( MAY Two 
1 Y75- 1976- YEAR 
APRl L APRIL AVERAGE 
1974 1977 

RECURRING OPERATIONS 
AND MAINTENANCE PLUS 
NONRECURRING COSTS 
PER OUTPATIENT VISIT 
(IHS, LOCKHEED, NASA) 

Figure 3-3 Cost - h t y c t i e n t  V ' s i t  by 0pera:ing Year 
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$52 i n  1973 and $43 i n  1974 using cable TV includes camPunication, travel, 

and other costs that  may not be di rec t ly  camparable with similar appearing 

STABPAEC expenses due t o  the different  mechanisms, nature, and location of 
the  projects. 

The STABPAHC r-d non-s11pRPAEC cost per Ow may be related to  the reimburse- 

men: rates per outpatient v i s i t  based on the  U.S. Goverment's cost recovery 

policy published in the  Federal Register 29 June 1976 mol. 41, No. 126, 

Page 26767). 

AGMCY RATE PER ow 
DIlEw $25 

Veterans Administration 39 

Departrmnt of Defense 20 

Field conditions i n  the very remote areas served by STARPAEC contribute 

great ly  t o  the higher cost per patient. 

fixed s i te  cl inic .  

This applies t o  the MEU and the 

3.5.2 

The uni t  costs quoted below cover Project S W A H C  recurring operations 

and maintenance costs for  a l l  involved agencies (Section 3.1) and the 

nonrecurring capital costs of instal led equipment, which, with related 

systems improvements, a re  amortized over ten years. 

increase p. 

sonnel, materials and the addition of system improvements t o  n0nrecurr.q 

L O S t S .  

Cost of Consolidated Recurring and Nonrecurring Costs Per Outpatient 
V i s i t  a t  STARPAHC Faci l i t i es  

The year t o  year 

outpatient v i s i t  is due t o  an upward trend i n  costs of per-  

Based on two years operations 

F i r s t  year operations 

$63.14 

61.79 

Second year operations 64.43 

Baseline comparative costs for the C:lls and Smta Rosa outpatient c l in ics  

are $35 p e r  OW including amortization of the c l in i c  f a c i l i t i e s .  
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3.5.3 w a r i s o n  of STARPAHC Costs Between Mobile and Fixed S i t e  Clinics 

One aspect of the STARPAlX. damnstration of interest  t o  health care 

and delivery organizations is the camparative cost and usefulness of 

fixed site versus mobile c l inics .  

The Mobile Health Unit spent a day each week at four vil lages,  where it w a s  

effectively available about f ive hours a day or  twenty hours a week. The 
Santa Rosa Center w a s  a lonp-Lstablished c l in i c  t o  which the STARPAEC 

telunedicine f u t u r e s  had been added. 

vrtk as an raS class  1-00 c l in ic ,  with a Comamity Health Medic (CHI9 

i n  l i eu  of a physician and capacity of up t o  8,860 outpatient v i s i t s  annually, 

assuming a basic c l in ica l  team. 

Tu0 STARPAX clinics were i n  operation. 

It normally operated forty hours as 

To make a comparison, the direct  allocable costs t o  the PlHU and Santa 

Rosa c l in ics  have been identified. 

systaa a t  S e l l s ,  the Quijotoa Relay Station, and the Phoenix Referral 

Center equipment were divided equally between the tu0 f ac i l i t i e s .  

isons are available on (1) recurring operations and maintenance costs, 

(2) recurring costs plus nonrecurrins costs, and (3) the design capacity 

versus the actual number of patients served. 

The remaining costs  of t’le STARPAW 

Canpar- 

3.5.3.1 

Calculations shown below for recurring costs of operations and maintenance 

indicate the Mobile Health Unit t o  be more expensive per patient or p e i  

hour of operations than I fixed s i t e  c l inic .  

t ravel  and other personel expenses a re  excluded. The geographic f l ex ib i l i t y  

of the Hobile Health Unit may provide greater accessibi l i ty  for service 

than a fixed si te cl inic .  

Comparison of STARPAIIC Recurring Costs Between t h e  Hobile and 
Fixed S i t e  Clinics 

Costs t o  the patient for 

The analysis of recurring costs i s  as  follows for the 24-month operating 

period ending A p r i l  30, 1977. 
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Number of Outpatient V i s i t s  

b u r s  of Operation 

Direct Costs of MEU and Santa Rosa 

Other Recurring Costs Mstr ibuted 

mAL 
E F l b  

Cost per Outpatient V i s i t  

Cost per B u r  of Operation 

mu 
6,557 

2,016 

$174,497 

$ 201,263 

Santa Rosa 
10,257 

4,032 

$258,400 

$ 201,263 

$375,760 

$ 57.31 

$186.39 

~~ 

$45 9,663 

$ 44.81 
$114.00 

NEllt recurring costs per  OPV esceed Saata Rosa by 28%. 

cos ts  per hour of operation exceed Santa Rosa by 64%. 
Mw recurring 

3.5.3.2 Camparison of Consolitated STAWAEC Recurring &Nonrecurring 
Costs Between Mobile and Fixed S i t e  Cl inics  (24 months) 

Uhen both recurring and nonrecurring costs are considered, as sham below, the  cost  
advantage t o  fixed s i te  c l i n i c  at  %uta Rosa remains about the same 

as for recurring cos ts  only. 

Santa Rosa by 34% for  the sum of recurring and nonrecurring costs.  

The HHU cost  per outpatient v i s i t  exceeds 

Because of nonrecurring cos ts  of the HBU include the  amortized cost  of 
the  basic vehicle, the costs  of the  Santa Rosa Clinic  have been expanded 

t o  give comparability by including the cost  of an $800,000 replacement 

clinic amortized for 40 years a t  $10,000 p e r  six month period. This compares 

with amortization of the  MBU vehicle over a ten year period. 

Recurring Costs 

Nonrecurring Costs 

TOTAL 

Cost per Outpatient V i s i t  

Cost pe r  Hour of Operation 

MEU Santa Rosa 

$375,760 $459 , 663 

131,675 134,607 

9507,435 S594.270 

$ 77.39 $ 57.94 

$251.70 $147.39 
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3.6 ANALYSIS OF STARPAW MOBILE AND FI-XED SITE CLINIC CAPACITY COMPARED 

The extent t o  which each clinic is operating i n  proportion t o  design 

capacity may indicate the limits t o  which additional patients may be 

treated without a similar increase i n  cost. 

WITH ACTUAL LEVEL OF OPERATIONS 

3.6.1 Mobile Health U n i t  

The naU design vas executed i n  anticipation of processing 16 t o  18 pacients 

over an 8 hour day which i s  equivalent to approximately 2.25 patients per 

hour. It is  now serving an average of 3.25 patients per hour but l b i t e d  

to a tventy hour week. This appears t o  be over-capacity of +1.00 on an 

hourly rate 3ut within a for ty  hour week potential. To increase operations 

t o  a f u l l  40 hour week, it is assmed that the number of HIN personnel 

would be increased with M increase i n  system operating s t a f f  at Sel ls .  

I f  the number of patients processed vere limited t o  the MEU 40 hour week 

design capacity, a reduction in cost per O W  may be expected. 

3.6.2 Santa Rosa Clinic 

The Santa b s a  Clinic design capacity i s  assumed t o  be the same as a 

basic ZBS health center with a capacity of up t o  8,860 patients annually 

based 011 agency resource allocation criteria. 

design capacity of 4.26 patients p e r  hour. A c t u a l  patient lc a t  Santa 

Rosa over the past 2 years w a s  2.54 which indicr tes  an under-capacity of 

-1.72 patients pe r  hour. 

norm1 capacity, i t  has the potential  of carrying a f u l l  patient load with 

the addition of two employees a t  most and very l i t t l e  change i n  other 

support costs. 

This criteria produces a 

Although the c l in i c  is operating a t  only 60% of 

3.7 PROJECTED IRS OPERATING COSTS - ONE YEAR 

An estimate of Project STARPAHC operating costs for  the year ending April 30, 
1978 has been made. This estimate provides a basis for computation of costs 

p e r  outpatient v i s i t s  for the same period, including bcth recurring and 

amortized nonrecurring costs. 

operations and maintenance costs.  

p e r  OPV and shows cost reduced from (for 2 years) $63.14 to  $59.96 (cost 

per OW). 

Table 3-2 gives the estimate recurring 

Table 3-3 gives t h e  calculation of costs 
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Table 3-2 
PROJECT STARPAEC 

RECURRING OPERATIONS & MAINTENANCE COSTS 

ESTIMATED FOR THE YEAR ENDING APRIL 30, 1978 

BY SITE 

Mobile Health Unit 
3 employees 

Other support costs 

Santa Rosa Clinic 

6 employees 

Other support costs 

S e l l s  Hospital and Control Center 

3 enployees - operations & aaintcnance 

Part-time charges for f u l l  time employees 

Administration & support 

Materials for telecoamamication system 

Sunnyvale engineering support 

ORD support 

Quiiotoa Relay Station 

Fuel, supplies 6 contractual amintenance 

Phoenix Referral Center 

TmAL 1st year IHS operations 

$ 43,000 

36,000 

74,000 

56,000 

74,000 

23,000 

22,600 

24,000 

42,500 

2s ,000 

2,700 

2,200 

$425,000 

These costs are based on the IHS plan of operations. 

3-15 



Table 3-3 

PROJECT STARPAHC 

CALcuLATIOeS OF CGST PER OW 

YEAR ENDING APRIL 30, 1978 

Number of OPV's 
Nonrecurring Costs  - 10 Year Armrtization 

Recurring Costs 

Recurring 6 Nonrecurring Costs 

Cost per 'V/Recurring 
Cost per OPV/Recurring and Nonrecurring 

9,000 

$114,664 

425,000 

$539,664 

47.22 

$ 59.96 
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Section 4 
EXPORTABILITY 

For purposes of this discussion the definition of Exportability is: 
“The potential for transferring in whole or in part, 
the STARPABC concept, data, and information. Purposes 

may be to utilize for analyses or decision judgements 

in planning, engineering, and implementing telemedicine 

systems to meet the needs of specific operational sites.” 

STARPAHC data includes medical, engineering, management, and cost infor- 

mation that may be used for concept fornulation,trade-off analyses, 

requirements definitions, system synthesis, e t c .  A decision making 
technique with which to evaluate alternates and other options, and their 

associated cost factors are including in this section. Reconmendations 

are made,training and skills are discussed, and supplemental application 

of the STARPAHC concept in other fields than primary health care are 
presented. 

In examining exportability potential of the STARPAHC concept the following 
questions were used as catalysts; 

1. What have we learned from the project that would be of 
benefit and significance to future planners of another 
telemedicine project? 

of value to furthei system designers/health care planners? 

their limiting conditions? 

operating a future telemedi ipe project? 

2. Which of the data we have listed in the report would be 

3. What recommendations can be made for specific subsystems and 

4. What is the recommended prc ess in planning, analyzing and 

The foll.owing sections will address these qi:estions. 
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4.1 LEARNED AND SIGNIFICANT FINDINGS - In response to question number 1. 
4.1.1 General Medical Findings 

o Interaction between CHM and physician using the telecommunication 
capabilities resulted i.n high quality of health care administered 
to patients in the remote areas. 

independently in the mobile or fixed clinic achieved a quality 
of care better or equal to that Celivered by physician staffed 
facilities. 
There is a positive acceptance, by patients, to health care 
from non-physicians who are using telemedicine at facilities 
other than a hospital. 
lent preparatory orientation of the community by the Papago 
Executive Health Staff). The fact that more and high quality 
health services were provided at facilities closer to the 
patient's home is the major factor for patient acceptance. 
A major value of telediagnostic capability by the use of either 
video or audio links is reassurance to the initiator that the 
proposed treatment plan is satisfactory, (this effect is equally 
valuable whether the initiator is a generalist physician con- 
sulting with a specialist or a physician's assistant consulting 
with a generalist). 

o 58% of the telecommunications were for medical purposes. Average 
telecommunication was 11.3 minutes. Medical teleconsultations 
average 9.9  minutes. 
The physicians and CHMs reported :hat 86.4% of the teleconsultations 
were, "critical, important or useful," for providing proper 
diagnosis and/or treatment. 
consultatiort with a remote non-physicians provider was valuable 
when a direct referral was eliminated or a significant change in 
diagnosis or therapy occurred. There is inconclusive evidence 
for the superiority of color television over black and white 
for diagnosis. 

o As rated by providers and patients, the most valuable health 
capability is the MHU with voice and data communications. The 
use of a mobile health unit directly effects the increased 
utilization of all facilities by bringing dependable quality 
health care services awareness, and accessikility to a remote 
underserved population. 

o The need for che use of television to support non-physicians 
as remote primary health providers in making diagnoses seems to be 
correlated with the specific distribution of diseases in the 
utilizing population and the amount of training or experience 
of the providers. 

o Quality of care studies indicates that the CHM working 

o 

(This is partially attributed to excel- 

o 

o 

Physicians throught that a video 
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( The costs associated with the patient travel time saved, 
return of patient to productivity, as well as those costs 
for getting a patient into a main hospital from a remote 
location can be a significant tradeoff. 

4.1.2 General Engineering Findings 

o Complicated communications equipment can be designed so that 
only minimal experience of health providers is needed to achieve 
operation. 
failure for 98.47. of the total transmission. 
The value of a thorough system engineering approach and follow 
through is reflected in the fine performance, and high 
reliability of the system, and the low overall failure rates, 
(average 15.6 /month) . 
Establishing a computer health data base, for recall of patient 
histories and other medical records, is essential for an 
effective telemedicine project. 
Evaluation of slow-scan television for X-ray transmission indicates 
the results achieved are valuable. For transmissicq of patient 
examination color images it is necessary to provide quality 
cameras and monitors and adequate lighting. For transmission 
of televised microscopy system performance in terms of avail- 
ability, acceptability, and reading interpretation was judged 
excellent for all tests except for mixed flora with small cells. 

o For smooth operations on-site technicians are required supplemented 
by the systems on-site spares and design to provide modular replace- 
ment of defective parts. 
Integrated medical/engineering team is required. 
Detail planning in the areas of logistics, particularly critical 
spares analysis, maintenance, inventory control and procurement, 
is essential. 

grounding and lighting protection must be provided prior to 
design. 

Contingency planning and potential problem analysis can be 
initiated based on equipment performance trends. 

The teiecamrmtnication subsystem performed without 

o 

c 

o 

o 

o 

o Safety investigations regarding instruments, electrical 

o 
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4 . 2  REPORT DATA OF SPECIAL VALUE - In  response t o  question number 2.  
The following p r a i d e s  the  reader with a cross-index between repor t  da ta  

and i ts  locat ion i n  t h i s  volume t h a t  may be of value i n  telemedicine planning: 

Item Locat ion 

Ut i l i za t ion  p r io r  t o  and 
a f t e r  STARPAHC Tables 2-1, 2-2, 2-3 

Section 2 . 3 . 1  

Quality of Care 

Medical Teleconnrmnication 
Ut i l i za t ion  

Value of Voice and Video 
Teleconsul ta t  ions 

Research Evaluation cf 
Slow-Scan TV 
Equipment Performance 

High o r  Low Ysage of TCE 
Software Program Value 

Providers' and Pa t ien ts '  
Acceptance 

Operating Costs 

Exportabi l i ty  

Section 2 . 3 . 2  
Tables 2-4 through 2-9 
Section 2 . 3 . 3  
Table 2-11, 2-12 

Section 2 . 3 . 3 ,  Section 2 .3  
Table 2-13 through 2-16, 
2-18 through 2-20 

Section 2.3  
Table 2-21 

Section 2 . 3 . 3 ,  2 . 4 ,  2 . 4 . 1  through 
2 .4 .5  and 2 . 4 . 7  
Table 2-10, 2-23 through 2-31, 

Figure 2-1, through 2-10 and 2-12 
Section 2 . 3 . 3 .  2 .4 .3  

Section 2 . 4 . 4  
Table 2-32, 2-33 
Figure 2-11 
Section 2-4 .6  
Table 2-34 through 2-37 
Section 3 
Table 3-1 through 3-3 
Figure 3-1 through 3-3 

Section 4 

2 -38 
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4 . 3  SUBSYSTEMS RECOMMENDATIONS - In response to question number 3. 
Selection of subsystems as defined in Figure 2-3 for STARPAHC are highly 
dependent on specific requirements which involve, capabilities, and cost. 

Section 2.4.3 through 2.4.7 furnishes an insight into the functions and 

characteristics of the five subsystems and can be used in a preliminary 

selection process. A summary of the capabilities of four communication 

options (Wideband, Narrowband, VHF, and Telephone Link) will be given in 
thip section. 

4.3.1 Wideband 

Requirements of real-time video dictates the selection of a wideband micro- 

wave communication system. 

and capabilities. 

line-of-sight ca?ability and the distance between transceivers. As 

illustrated Slow-Scan TV can supplement the video transmission of the 
wideband link if the distance and/or mo1:ntainous terrain back to a medical 

referral center is prohibitive and too costly f o r  multiple relay centers. 

Advantages of the option are; 

for easy maintenance and privacy control. Disadvantage compared to other options 

are; high cost, limited multiple voice-grade channels, and higher power 

consumption. 

Figure 4-1 presents a typical configuration 

The need for a relay station is dependent upon the 

real-tise video, hi-fi voice channel, modularity 

4.3.2 Narrowband 

The selection of narrowband is determined by the requirements for multiple- 

voice grade channels, and transmission of data. 

typical configuration and capabilities. 

is dependent on the topography and -.he distance between the two conanurfcatipg 
facilities. Slow-Scan can fulfil the need for delayed video if necess-ry. 
Advantages of this option are; easily provided multiple-voice grade channels, 

all capabilities of telephones, dedicated private audic channels are available 
privacy control and separate maintenance lines. Disadvantages compared to the 

VHF and Telephone Link Options are; high cost, more complex antenna dish, and 

hcreased maintenance. 

Figure 4-2 presents a 

Again the need for a relay station 
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REFERRAL CENTER 

@ MICROWAVE (2-WAY SHARED TV 
PLUS 2-KAY VOICE & DATA) 

I 

(VOICE lJ & DATA) 

SLO-SCAN TV, 
VO i C t  & DATA 

DIGITAL DATA 
(300 & 1200 BAUD) 

MOBIE HEALTH U N I T  
I 

MI CROWAVE I 
\, (2-WAY SHAPED T V  I 

COMPVE,? 
CENTER 

-TELEPHONE, P R I M A R Y  
____TELEPHONE. BACKUP 

REMOTE SITE RELAY STATION CONTROL CENTER 

CAPABI LITES CA PAB I LIT I E 5 CAPAB I L IT I E S 

ONE-Q?. TWO-WAY. 
TELEVISION IMAGES 

0 ONE- OR TWO-WAY 
VOICE 0 

0 

0 ALL CAPABI! ITlTlES 0 

PROVIDED BY VHF 
OPTION 0 

m 

POWER SOURCE ONE- OR TWO-WAY 
TELEVISION IMAGES 

0 ONE- OR TWO-WAY 
TELEMETRY CONTROL 

ALARM SYSTEM VOICE 

A/C AND HEATING 

SHELTER OPTION 

ANTENNA TOWER 

0 ALL CAPABILITIES 
PROVIDED BY VHF 

Figure 4-1 Wideband Microwave with VHF Backup Ccnfigurat  '.on 

4 -6 



2-WAY VOICE & O A i A j  

HEALTH 

\ 
HEALTfi !JW i\ 

MI CROWAVE \ 

hMIN HOSPITAL 

COIuTROL CENTER - REMOTE SITE RELAY STATION 

CAPABILITIES CAPABl LIT I ES C APA B I L IT I E S 

% MULTIPLE-VO ICE 0 

0 ALL CAPABILITIES 

GRADE CHANNELS 

PROVIDED BY 0 
TELEPHONE 

0 

0 
0 PRIVATE/hOT LINES 

0 
SEPARATE MAINTEblANfE 
LINES 0 

PQWER SOURCE 0 MULTIPLE-VO ICE 

'TELEMETRY CONTROL 
GRACE CHANNELS 

0 ALL CAPABILITIE5 
ALARM SYSTEM PROVIDED BY 

TELEFHO NE 
A/C AND HEATING 

PRIVATE/HOT LINES 
SHELTER 

0 SEPARATE MA INTENAiJCE 
ANTENN4 TOWERS LtNES 

Figure 4-2 Narrowband >!icrowave System Configuration 
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4.3.3 9w 
-:!e selection of VlW ZI derrrrlned by the requir-ts for 8 lw-eost 
traL. massLon s y s t a  capable of transmitting voice pad data but not video. 

3*--~.- 4-3 presents a typical umfigur8tiop md capabilities. 
f - a radio yeperter is detcrrkrcd by topogmphy .gd distance between 
CQ . p n i o t i m &  :enters. 

The aeed 

&? illustrated Slou-sUn can be ulded to pravide delayed video i f  required. 
k’rrmtages of this optiam COqlltcG to the videband and -d ut; 

icu -si., easy installation md Usntuunce, N e a t h  possible while 

mobile, md simple mtcrrru - no costly taucr. 

the s m  tm options are; 

mlt sle drrnacls or &Utioarltransceivers, luuer fidelity in audio trans- 

m i s s i o n ,  lack of privacy control, 

Disadvantages eolpued to 
single *ice channel requires suit- ff 

4.3.4 Telephone Link 
The selection of the telephone link optim is based OIL laucst possible cost 
and possibility that telephame hookups are easily available. 
cut provide the video capability i f  required. 
canfiguration and capabilities, Tuo telephones are provided at each of the 
mobile or fired clinics with corresponding tvo telephones a t  the medical 
center. 
respectively. As the capabilicies show any type of medical or even written 
data can be trsnnmitted apes the link. The advantage of this option 
c q a r e d  t o  a l l  the ocher options is law cost. 

Slav-Scan TV 
Figure 4-3 presents 8 typical 

The t w  lines are used for voice and/or data/video traasmissious 

The disadvautages are; 

of frequency response, privacy cannot be secured as easily as w i t h  other 

systes, and heart/lung sounds cannot be transmitted due t o  lw frequency 
respouse. . 

nonwmpatibflity with high quality and broad range 

4-8 



0 PHYSICIANS' COMMUNICATIONS 
EQUIPMENT 

0 VHF COMMUNICATION EQUIPMENT 

0 MEDICAL EQUIPMENT 
0 LABORATORY 

0 SUPPLIES 

REMOTE 
SITE . 

CAPABILITIES . VOICE 
0 KGINPUT 

FACSlMiLE TRANSCFIVER 
PEN-WRITER TRANSCEIVER 
SLO-XANTV 
DIGITAL DATA l/O 
.OTH€R DATA ADAPTABLE 
TO VOICE RANGE 

0 VHF - H€Af?T/LUNG SOUND 
TRANSMISSION 

e VHF - MOBILE OR FIXED 
INSTALLATION 

CONTROL 
CfNlER 
CAPABILITIES 

0 VOICE 
0 KGRECORDING 

FACSIMILE TRANSCEIVER 
.I PEN-WRITER TRANSCEIVER 

.I DIGITAL DATA l/O 
0 OTHERDATA 

-- 

SLO-SCANN 

0 VriF - HEARTAUNG SOUND RECEPTION 

Figure 4-3 \MP/Telephone Link System Configuration 
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6.3.5 codiaed Gm~micatiolp Options 
"here are s o y  adwantages of combined c-icatim options. 
telephoae option CUI be supplemented at a sull increase in cost by VHP back- 

up vhich uill provide additional medical data transmission such as the hurt/ 
lung sounds, .nd will allow m i c a t i o n  in a mobile unit while the -bile 

I s  tu transit. 
redundancy in everything video trmalssions. 

Ihe low cost 

Cabin ing  the narrovband and wideband dcrawave provides 

W i n i n g  VHF and narrouband provides voice and data backup, however, no 
video, uhile providhg a lover cost than the videband microwave. Increase reliability 

-ires the advantages of cab- the various options. 

An important recomendation for any of the options is to obtain good grade 
solid state c-rcial equipment. 
be procured after a thorough Critical failure analysis. 

is obtaining spares standardization and versatility through such modules 
as tuneable transmitters, permit varying the frequency without certain 

limits. 

Spare parts in the form of amdules should 
Equally important 

4.3.6 Slw-Scan TV 
If a relatively low cost method of trandtting visual images is required, 
then Slow-Scan TV offers definite advantages. Color and B6# transceivers 
which use standard modems are readily available. 

with image transmission times of two and one-half minutes. 
transceivers are available with a built-in modems, but resolution is fairly 

low (250 lines), however image transmission times are reduced to 30 seconds. 
Other W high resolution units are being developed and should be available 
by the end of this year. 

examination, and microscopy has been detailed in this report based on use 

of the first production unit C o l o r m d W  transceiver system. Applications 

of Slow-Scan TV are much broader than the medical health care field, e.g. 
education, law enforcement, teleconferencing, etc., and its value i s  enhanced 

Resolution is 450 lhvs 

B&W only 

Experience in transmitting X-ray images, patient 
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by disk and Vl'R recording/playback image storage capability, as well as 

8 supplemental telephone line for 2 way voice c~icat%on/which may be 

for real time discussions during crrainations and/or recorded for additional 
delayed study infonution). 

Latest technology in ricrocoaputers permits the addition of camputer support 
at a low cost. 

high qwlity video disc recorder (VIR) for line-by-line slow-scan transmission. 
The PDB provides a ~ 1 1 1 s  of preserving the received imagery, since the 
slow-scan equipment can store just one M e  and that image is erased when 
power is interrupted. Each of the discs in the VDlL can store 400 images 
(200 on each side). 

One application is the use of the carputs as a law cost 

Peripheral equipment items required to support Slow-Scan operation are; 

monitors, cameras, recordzrs, and lighting. Advantages of slou-scan 
compared to the wideband option are; lover cost, easy installation, high 
reliability, and low power. Disadvantages of slow-scan TV are; image 

delayed in transmission; 

and failed equipment m s t  be repaired by vendorls field engineers or 
returned to vendor for repair. 

fnages of excessive motions not transmitted, 

4.3.7 lhergency 
There are various types of emergency equipment available that have the 

capability to communicate back to a base station. 

ambulance module (PAw)*and Its hospital base station used for the STARPAEC 

project, was very well accepted and used on the ambulance and in the 
hospital emergency room. These units MY also extend care capability in 

"house visits" by health professionals, operating independently and/or in 
conjunction with mobile clinics. 

The NASA developed portable 

4 . 3 . 8  Computer 

The utilization of a computer and its memory system has proven hi;hly desirable 

for storage and retrieval of patients history, and scheluling support. 
* Froduced under Tradename "Telecare" 
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Exportability requirermts  are highly dependent on the  health care 

operational procedures, the f a c i l i t i e s ,  existing capabi l i t ies ,  and 

the ntmber of patients involved. 

acted as an interface t o  an existing large central coraputer. 

a id  programs were provided fron the  m i n i c q t e r  tha t  supported the 

C o a m i t y  Health Medics functions such as a disease l ibrary,  drug f i l e ,  

schedule etc. 
to be the  scheduling and patient his tory retr ieval .  

STARPAEC provided a minicomputer tha t  

Medical 

The rrost used application programs in STAEPAEC proved 

In a SO bed hospital  such as the PHS one a t  Se l l s  the  need for  supportive 

c q u t e r  a id  programs may not be eff ic ient .  In a larger population, e-g. 

350 bed hospital  i t  1s anticipated that  computer and programs would be 

considerably -re valuable and provide needed support to RNs and CIMs. 

Loss and/or variation of f a c i l i t y  power a f fec ts  the operation of the 

canputer. 

problem i n  operating and maintaining computer operation. 

outages accootpanied by random power surges of up t o  150 vol t s  cannot be 

handled by s tabi l iz ing transformers and equipment fa i lures  resulted. 

a rura l  area, requirements should specify an uninterruptable power system 

(UPS), particularly when a computer and any other voltage sensit ive equip- 

ment is  tncluded. The UPS operatior is  tha t  under normal operation, paver 

is derived from the u t i l i t y  bus and i s  fed through a protective c i r cu i t  

breaker t o  the paver rec t i f ie r /ba t te ry  charger. 

the AC t o  DC which is fed through convenience c i r cu i t  breakers t o  the power 

inverter and the battery reservoir. 

reservoir a t  f u l l  energy level. The power inverter supplies N 0 - m  AC 
power t o  +\e c r i t i c a l  load through a convenience c i rcu i t  breaker. 
u t* ' ' .  

t o  the inverter.  

minutes of backup power a t  f u l l  load. 

AC paver s t a b i l i t y  i n  a rural area has proven t o  be a great 

Frequent power 

In 

The power r e c t i f i e r  converts 

The battery charger maintains the 

Should a 

pomr fa i lure  occur, the battery reservoir then supplies DC energy 

The STARPAHC complement of 9 ba t te r ies  provided ten 
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1.3.9 Faci l i t i es  

Requircemts foz facilities are dependent on many factors among which are 
the nature of the existing health care f a c i l i t i e s ,  the environment of the 

area, the overall system concept, and the needs of the health care systems 

performance. 

es tabl ish a centralized control center. The director  of t h i s  center mJst 

be responsible for the overall  management of the system. 

refer ra l ,  planning, record keeping and log is t ics  are a few of the major 

requirements. 

cmtrol and storage facilities mst be provided. 

be provided for the monitoring physician. Other considerations are adequate 

space provisions fo r  the equipment and personnel, and i f  necessary temporary 

and/or permanent living quarters and accampodations. 

For e f f ic ien t  management of the system it is mandatory t o  

Scheduling, 

Maintenance capabili ty in form of repair and inventory 

A private f a c i l i t y  m~ 

Remote s i te  f a c i l i t i e s  e i the r  both fixed a r m b i l e  must be provided with 

adequate power, ,ir/heat conditioning, and log i s t i c  support. Relay s ta t ions 

and u t i l i t y  ins ta l la t ions  must be designed t o  operate unmanned. 

PirelBreak-in alarm links should be provided as w e l l  as shel ter ,  power, 

and heating/AC. In  some locations where jeep trails o r  mountain roads . ; e  

the only means of access it is necessary t o  develop maintenance planning 

and t o  provide remote monitoring and controls, suff ic ient  log is t ics  support, 

and other functions so that  frequent v i s i t s  are precluded. 

there are o i l  replenishment k i t s  fo r  diesel  generators tha t  can be used and 

when coupled with a large fuel tank (300 gallons), unattended operation for  

up t o  30 days is normal. 
of solar power sources, wind generators, u t i l i t y  services, and diesel  to 

gain the most e f f ic ien t  and re l iab le  maintenance-free power source, including 

a re l iab le  back-up mode t o  the primary operational configuration. 

Failure/ 

For example, 

Tradeoff studies should be conducted on combinations 

4.3.10 Personnel 

The primary care services delivered by health care personnel is  a function 

of the capabi l i t ies  of the health care professionals and t h e  def ini t ive 

protocols which define the scope of the i r  services. These primary care 
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services, the number of menbers in the health care staff, and the required 
encounter rate are parameters in the design of the system and the instru- 
mentation capabilities. 
a Tln system are: 

Rimary care services to be included when designing 

o Physical examination, diagnosis, and treatment 
o Follow-up treatment of outpatients 

o Intermediate level emergency treatment 
o Reventive care including: 

- Imaunizations - Pre- and post-natal care - Well baby care - Nutrition 
- Drug abuse detection - Obesity 
- Alcoholi~ 
- Family planning 

Health care personnel should be selected whenever possible from the local 
population enhancing the camunity and acceptance. 

range from Community Health Aids to specialized physicians. 
asset to STARPAEC vas the capability of the majority of CHMs to converse 

with their patients and a system operator in their native language. 

Personnel used vi11 

A most vaiuable 

Early participation of the health care personnel in the planning, requirements 

definition, and design is essential to the formulation of an effective tele- 
medicine system. 

a cooperative health care/engineering population. 

Mockups and review meetings are very useful for securing 

STARPAHC personnel training and skills covered four general areas and was 

addressed to three skill levels respectively. The four areas were 1) system 
orientation covering system functions, requirements, equipment descriptions, 

2) technical briefing giving the CHM's a basic knowledge of the e.yipment 
used, 3) physician's briefing givhg the physician's kncwledge and skills 
necessary to operate their console and peripheral equipment, and 4) non- 
MD briefing giving the infrequent non-MD personnel instructions in responding 
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t o  t h e  spec ia l  alarms and using the  computer terminals. The three  s k i l l  

l eve ls  addressed were: 1) physician, 2)  CHH, and 3 )  non-medical support 

personnel. STARPAHC experience ind ica tes  t ha t  t h e  following approximate 

t ra in ing  t i m e  periods were provided t o  or i en t  and t r a i n  the  system pel-sonnel. 

F a c i l i t y  spec i f i c  t ra in ing  varied with t h e  type and needs of individual 

hea l th  care providers and with the pa r t i cu la r  f a c i l i t y .  

t i m e  provided was t he  296 hours as shown i n  the  t a b l e  below. 

the  busy schedules, t he  hea l th  providers had t o  be t ra ined  individually. 

an individual bas i s  t h e  f a c i l i t y  spec i f i c  t r a in ing  time needed for  prof ic ien t  

performance was estimated t o  be; physicians (2 hours), CRM on the MHU (8 hours), 

QM at  the  Santa Rosa hea l th  center (4 hours), and nurses fo r  computer terminal 

use (2 hours). 
t ra in ing  was  done as needed. 

Total  i n s t ruc to r  

Hwever due t o  

On 

In addition t o  t h i s  scheduled t ra in ing ,  reinforcement of basic 

!3TARPAEC Orientation 3 Hours 

Technical Briefing 13 Hours 

Physician Briefing 24 Hours 

Kon-MD Briefing 24 Hours 

Detailed F a c i l i t i e s  Training 296 Hours 
TOTAL 360 Hours 

Equipment which with the  personnel has had no p r i o r  t ra in ing  must be both 

demonstrated by sk i l l ed  technicians i n  specialized and hands-on prac t ice  by 

the health care personnel. Examples of specialized instruments i n  STARPAHC 
were the  endoscopic examination un i t ,  the microscope, and the  X-ray equip- 

ment. 

On-the-iob t ra in ing  i s  the  most valuable form of acquainting the personnel 

with the  equipment and observing t h e i r  proficiency. 

during t h e  i n s t a l l a t i o n  and checkout, and acceptance tes t ing .  Prior t o  

s ta r t -up  of operation, there  should be a 3eriod allocated for prac t ice .  

This can be accomplished 
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Another lesson learned was t ha t  personnel who maintain continuity, e.g. 

technicians and CHM who remained on the  job fo r  extended periods (1  t o  2 years) 

a r e  ab le  t o  maintain t h e i r  proficiency through r e p e t i t i v e  use of t he  

equipment. Physicians, who had a high turnover rate, and infrequent 

exercise of the  equipment needed continuous reinforcement t r a in ing  which i n  

many cases is  not too p rac t i ca l  or i n  some cases w a s  not acceptable by the  

physici8ns i n  the  busy environment of  a s ~ l l  hospital .  

The camplexity of t he  system and the  reliability/QA performance determines 

the extent of l o g i s t i c  support. 

fue l  must be provided and they must be maintained. 

should be selected t o  maintain operations fo r  at least 30 days. Diesel gen- 

e ra to r s  w e r e  found t o  be the most r e l i a b l e  and the  easiest t o  maintain. LPG 
generators should never be used where a continuous services i s  required (due 

t o  the  frequency of overhaul). 

I f  generators are employed as power sources 

Adequate capacity fuel tanks 

To keep down-time t o  a mininum, mobile un i t s  required frequent and thorough 

maintenance and replenishment resupply of q e n d a b l e s .  

were a l loca ted  fo r  the  STARPAHC MAUO Out-of-service periods 

should be scheduled for  overhauls, major repairs, e t c .  

se rv ice  periods, i t  is  e s sen t i a l  t o  provide a subs t i t u t e  fo r  scheduled 

health care service, even though it may not be as complete as the  primary 

service. 

Two days a week 

btring these out-of- 

Arrangements should be made with major vendors for  quick turn-around service 

t o  expedite replacement of f a i l ed  un i t s .  

Equipment should be exercised regularly,  espec ia l ly  i f  they a re  not used 

frequently during n o m 1  service. 

duty i s  i n  t h i s  category. 

month periodic basis.  

weekly. 

Auxiliary power equipment on a standby 

Calibration should be done on a t  l e a s t  a six 

Spares inventory must be kept current and tracked 
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4.3.11 Ruman Engineering 

Human engineering is recomnended during tk i n i t i a l  planning and the  ear ly  

design stage. 
of STARPAHC. 

equipment, t he  phy8ician8' console, and tbe ECG cart vere designed and used 

f o r  provider evaluation. Displays and controls must be sfmplified. O u r  

STARPAEC experience revealed t h a t  relative simple tenus such as RF is  not 

understood. 

Mockups were used extensively during the  ear ly  planning s tage 

Full-scale mockup of the  in t e r io r  of the  MEU and i ts  peripheral  

Space requfrements f o r  ;he control center i n  a hospi ta l  must be carefu l ly  
examined. 
room such as Slow-Scan, and the  emergency base s ta t ion.  

ment saturated the  available space. 

be a cer tain growth needed for equipment and/or examination. 

I n  STARPA?iC it was found convenient to  add equipment t o  the  physicians 
This additional equip- 

It should be anticipated tha t  there  w i l l  

Another important consideration i n  planning a telemedicine project  is t o  provide 

f l e x i b i l i t y  i n  the removing and relocation of equipment. 
placement of equipment, consoles, etc. m y  become changed due t o  factors  such a s  

available spa:e, limited personnel, change of examination location, and the  needs 

of the  providers. 
modular enough t o  permit relocating consoles, changing-out cables, and/or adding 

or  removing equipment. 

The or ig ina l  choice f o r  

To accommodate chanqes the  design should be f l ex ib l e  and 
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4.4 TELEMEDICINE PROJECT DEFINITION PROCESS 

During the plann!.ng, development, operation and evaluation of the STARPAHC 

system, numerous inquiries were received from many interested health care 
organizations having a diversity of interests, needs, resources, requirements, 

and environments. 
that would exactly fulfill their health care needs. 

in health care planning needs and equipment operation and evaluation over 
the past four and one-half years enabled formulating a selection process 

that can result in a tailored exportable telemedicine system designed to 
satisfy providers, patients and other health care professionalqone which 

addresses priorities in proper perspectives. 

All are seeking the optimum telemedicine configuration 
The experience gained 

A systematic analytical approach will define a telemedicine system to meet 
the requirements of a specific locale. 
medical/system engineering analytical approach for the requirements inves- 

tigation, establishment of a cost-effective baseline design, tradeoff of 
alternate concepts to the baseline design, and a decision analysis technique 

to furnish a basis for value judgements and decision making. 
the orderly process of converting program objectives, criteria and guidelines, 
requirements and constraints into a program definition document and system 

specifications is sham in Figure 4-4. 

fiis section describes an integrated 

For example, 

4.4.1 Criteria and Guidelines 
The starting point in the definition process is establishing criteria and 
guidelines for the concept. 

for potential solutions to the problem of delivering quality health care 
to people in remote areas have resulted in several in-depth studies. 
most significant of these criteria are: 

The criteria and guidelines cmsidered ne.esssry 

The 

(1) The need exists for a mcchanianto extend the expertise of 
physicians (and other health. professionals) great distances 
from their physical location to compensate €or both scarcity 
and maldistribution. In essence, the physician becomes the 
director of a health care team. 



t 
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The provision of easily accessible points of entry into 
the health care establishment is needed. Methods must 
exist to screen and route patients so th6 - are efficiently 
placed undez the supervision and care O L  <he most a?propriate 
health care professional. 
The application of unique technology and management skills 
is required t o  relieve health care professionals of time- 
consuming tasks that require lesser levels of training and 
knowledge. This can be accommodated 1 rough the use of 
paramedical personnel (such as graduates of physicians' 
assistant programs) as extensions of Fhysicians, in con- 
junction with the use of communications technology to provide 
the consultation, supervision, and attention of a physician 
that is required to deliver quality health care at the point 
of patient contact. Visible and audible communications with 
the physician establish the rapport required to eliminate the 
stigma of "second class" health care and optimize the use of 
t'.a physicial's time and capabilities. 
Appropriate combhations of fixed and mobile facilities are 
required to meet the varying needs dictated by population 
density, terrain, existing transportation systems, and socio- 
economic characteristics of different areas. Staffed by 
physicians' assistants, these facilities can very easily 
increase the number of entry points into existing health care 
establishients. 
A successful approach must involve making maxhum use of 
existing medical esta.blishments and capabilities, so as to 
complement existing health care establishments without being 
redundant. The rest" ints imposed by unique social, economic, 
and health character sties of the locality under consideration 
shoiv!d also be recognirjd. 

And finally, the system design must be amenable to orderly, 
expeditious extension. 
techniques that utilize existing technologies can result in 
nonrecurring developmental activities that are cost effective. 
Basic design should be applicable to all future revote-area 
situations. 

Using optimal modularity and standardized 

4.4.2 Requirements Definition 

Requirements definition determines the requirements to a detail level 

for all necessary components and their respective functional 
and design specifics. 

operational 

This ?recess is illustrated in Figure 4-5 .  
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Figure 4-5 Requirements Investigation (hnctional Analysis Through Requirement 
Deffaitlon) 
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As illustrated in Figure 4-5 1st level functional requirements are 
established, e.(. need to provide a total health senrices center. 
2nd lcvel fmctloarl requirements are next selected tbrt define the type 
of senrices to be provided by the health center. Laboratory and medical 
measuraents to carry oat the 2nd level functions u a t  next be established. 
Finally the functional, operat€oml,and der- equipent requirements 
are specified and foxm the Ead Ita Specifications frcm which engineers 
can design and/or procure suitable cquipent. 

4ortant supporting analyses in the process involves characterization 
and resources of the area that will support the system. 
of an area results in defining such detail as the demography/topography, 
existing health care capabilities in personnel and facilities, physician/ 
popolation ratios, health care senrice d m d s  per locale. 
availability of facilities, persoanel, cqterited health records etc, 

Chsracterizaticm 

Resources involve 

Besults frtm the system emgineering effort are transferred into design 
specifications. 
for njor ampatents and subassemblies, such as cmsoles, recorders, trans- 
mitters, receivers, video equipment, medical equipment, vehicle and structural 
dfications. 
for the necessary computer programs. 

The hardware specifications will define the requirements 

The software specifications w i l l  fully delineate requirements 

4.4-3 system Defhitioa 
This process s t a r t s  w i t h  concept fornulation to meet established require- 
ments, defines a systenwhich meets goals, objectives, and constraints of the 
area to be served and to accommodate resource limitations. The needs assess- 
ment under the requirements definition process has defined requirements in terms 
of persomtel, measurements, resources and equipment. 
assessmant may provide several alternate candidate concepts. 

Analysis of this 

Selection of the most optiunnn candidate from alternate candidates, as well 
as site selection, selection of a m i x  of fixed and/or mobile units, computer, 
comPlnication and bioinstrumentation can be accomplished using one of many 
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techniques of decision analysis. 

valuable to  have representatives of a l l  involved disciplines (physicians, 

a ' s ,  wtdical A d m i n i s t r a t i o n ,  Papago Executive Health Staff,  and Engineers) 

take part in t h i s  decision analysis, 

In  STARPAiiC it was essential  and extremely 

There are many techniques of decis im analysis. 

Associates (KTA) technique of decision analysis is one that can be used 

for  applications of site selection, equipment selection and design evalua- 
tion, 
accordance vith precisely organized rationale and prior i ty  scheme. 
has been applied very successfully, i n  many XASA, Do, and in-house prograus 

for decision d ~ i n g  and problem solving purposes. 

the 
in t h i s  section. 
typically essential t o  the formlat ion of a successful telemedicine project 

were selected and should prove useful for  any group interested in testing 

their candidate concept against t h i s  criteria. 

The Kepner-Tregoc and 

The KTA technique integrates subjective and quantitative data i n  

It 

The approach in using 

technique for t e l d i c i n e  system analyses w i l l  be brief ly  explained 

The "decision objective factors" that are considered 

The KTA decision analysis approach i s  accomplished as follows. 

the formlation of the alternate candidates and the decision objective factors, 

decision-critical item are listed.  

supporting factors are sorted into 'Wst" (it is absolutely essential  - does 

it have GO. NO-GO importance - is it measurable?) and 'Want" objectives 

are then weighted, the most important assigned a weighing factor of 10, 

and a l l  other objectives weight (1-10) for the i r  re la t ive importance against 

t h i s  factor. 

the scoring outcame since it i s  a multiplying factor. 

weigh each value assigned. 

Follouing 

The objectives and thei t  qualifying or 

The weight assigned to  each objective has a mojor effect on 

One should carefully 

The next s t ep  consists of assigning a score to  each of these 'Want" objectives, 

to  indicate how w e l l  a specific 'Want" objective would be fulf i l led by each 

one of the candidates. 

is assigned a score of 10. 

by a l l  other candidates under consideration results i n  the assignment of a 

score between 9 and 0 t o  each of these alternatives. 

The candidate which provides the greatest satisfaction 

Evaluation of the relat ive satisfaction ptovLded 
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Finally, the weighted scores are determined by every "Want" as it applies 
to each candidate by tmltiplying every score by the appropriate weighting 
factor. 
for each alternate candidate, and thus establishes the most desirable or 

optim\m candidate concept. 

Totalizing all weighted scores results in a "total weighted score" 

Coacepts are maay and diversified. Cc :ider that these can range fran a 
single fixed field clinic or a mobila health unit with intercomPunication 
with a hospital to a nmltiple network comprised of Pobile plus fhed 

clinics tied into general and specialized health facilities. 
concepts as illustrated in Figure 4-1 through 4-3 shows various arrangemeats 
of facilities -and telecorsmunication capa3ilities. They are progressive 
evolution to illustrate growth in function, capability, complexity, and 
costs. 

Three candidate 

Each of these candidates nust be examined in terms of requirements fot 

equipment, computer, facilities, personnel, logistics support, and available 
resources. 

Three telemedicine candidates proposed for illustrating the analysis ai 
Figure 4-3 Candidate A - Mobile unit with telephone link option to a 

small general hospital. 
Figure 4-2 Candidate B - Mobile unit/Fixed Clinic/Field Hospital with 

narrowband microwave optron. 
Figure 4-1 Candidate C - Mobile unit/Fixed Clinic/Field Hospital/Large 

Generalhiospital with Narrowband and Wideband 
Microwave option. 

.'a illustrative STARFAEC export selection decision analysis involving three 
candidate concepts is shown in Table 4-1 for the purpose of describing the 
evaluation process. 
for an initial configuration. 
follow this procedure to select a telemedicine project configuration must be 

intimately 

'Wants" shown are related primarily to desirable factors 

It must be recognized that anyone wishing to 

familiar with the locations, health needs, constraints, capabilities 
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and resources of the existing health care facilities. 
importance that anyone taking part in the project must concur on the 
selection of "hsts", 'Wants" and weighing factors prior to conduct of 

key tradeof f s . 

It is of primary 

For a better understanding of sane  of the 'Wsts" and 'Wants" the following 

definitions for STAEPAEC Export Decision Objective Factors apply: 

STARPAHC EXPO rt Decision Obiective Factors 
1. Accessibility. To improve access of rural patients to health care 

through use of telemedicine including equipped mobile clinics. 
a. To reduce analyses of patients waiting time, travel time, propor- 

b. 

tional amount of service time and scheduling delays. 

To improve health care system utilization. 
In this case analyze the total service unit utilization in view 
of the S W A E C  impact. 
To improve convenience to the patient. 
Analyze: Transportation availability. 

Key factor is OPV's. 
c. 

Reduced referral probability. 
Fewer visits per episode of illness. 

To reduce problem severity as patients seek help earlier. d. 
Quality. To provide health care of a quality equal to or better than 
that previously available. 

a. 
b. 

c. 

d. 

2. 

The extent of compliance with protocols and program standards. 

R e v i e w  by a panel of health professionals. 
A project to determine if telemedicine can reduce the number of 
unscheduled patient visits for unresolved patient problems. 

Review of resources diverted to the telemedicine project may have 
a negative impact elsewhere? 

3. Acczptability. To assure acceptability and quality as perceived by 

involved people of alternatives. 

a. Patients. 

b. Non-professional providers. 
c. Professional providers. 
d. Tribal community attitude. 

e. Hospital organization attitude. 
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4. Costs. To be competitive. 

8.  

b. 
hmdinn. 

fac i l i t i es .  

a. 
b. 

Cost t o  the patient equal or belaw that  of conventional health care. 
To keep system costs compatible with conventional costs. 

5. To be canpctitive w i t h  al ternat ive forms of health delivery 

Relate capi ta l  costs t o  funding that  might reasonably be expected. 

Relate costs of mobile clinics amortized over ten years t o  fixed 
r i t e  clinics m r t i z e d  wer 40 years. 

6. Hardware. To be re l iab le  and maintainable. 

a. 
b. 

To provide operationally accurate and re l iab le  hardware. 

To provide functionally useful hardware. 

7. Growth Potential. 

8 .  Ability t o  perform research and tes t ing for specific purposes. 

8. Population Shifts.  

Response of the system t o  population changing location. 

9. Service Demands Changes. 

Response of the system t o  increase/decrease in ut i l izat ion.  F lex ib i l i ty  

of system t o  m e e t  these changing demands. 

Canpletion of the def ini t ion process requires identifying system and technical 

program elements by d e s i c  analyses and tradeoffs using the decision analysis 

technique described earlier. 

comuunication reception, frequency allocation, console layouts, etc.  Medical 

problems a re  usually associated with medical legal  problems, avai labi l i ty ,  

selection and training of operational personnel, and measurement requirements. 

Following the design periad, assembly, t e s t ,  and ins ta l la t ion  and checkout 

and operations and evaluation takes place. 

Technical problems are usually associated with 

Planning for  these steps must 

occur suff ic ient ly  in advance of the s t ep .  

generated during the design phase, while ins ta l la t ion  and checkout, operations 

and evaluation plans are f o m l a t e d  during the assembly phase. 

Test plans and procedures a re  
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Another means of approaching exportability analysis for STARPAHC specific 
alternatives are contained in reports and studies conducted for ZRS, 

(Vol. 1, Project STARPAEC Export Decision Model Preliminary Report, 
August 1977 .) 
m d  detail information pertinent to evaluating the expansion or contraction 
of STARPAEC major elanmts. The following will briefly sumarize the 
reference report and give the results of the decision making process. 

This report contains Ln-depth philosophy, analytical process, 

The STARPAHC Executive decision making process is a rational means of 
waluating alternatives expressed in terms of health service delivery 
and hardware capabilities. 
established for the STARFAliC project. This process includes a case study 
for every objective or sub-objective leading to a probability forecast ot. 

the impact of each alternative expressed as a score from one thousand to 
two thousand. These scores are posted to a mathematical mode, which, when 
sunmarized, provides a means of integrating the interdisciplinary factors. 
The functions of the model are indicated in the following matrix. 

The alternatives are evaluated against ob jectives 

MATXEMATICAL MODEL 

VALUE MATRIX SCHEMATIC 

*1 A2 A3 

O1 

O2 

O3 

Program Value 

Cost/Funding Value 

Performance Index 

Decision Value 

W wsll 

IVS 1 2 W 

“13 - 
v1 

p1 

Dl 

WSZl ‘“31 

ws22 ws32 

Iqs 3 3 “23 - - 
v3 

F2 F3 

p2 p 3  

D2 D3 
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This table illustrates the type of value matrix used in vhich: 

objectives; A, alternates; W, weight; WS, weighted score; V, total 
program numerical values; F, cost/fundiag values; P, performance index; 
and D, decision numerical values. 

0 designates 

The STARPAHC export decision process drew upon the fund of knowledge and 
data collected during the two year demonstration at the Sells Service Unit 

011 the Papago Indian Reservation in Southern Arizona. 
anticipates an organized analysis of health care delivery needs, a careful 

study of the environment, identification of requirements and preparation of 

specifications. 
auitable for and adaptable to other locations. 

The decision process 

The model developed from this process is intended to be 

The mathematical model displayed in Table 4-2 is derived from Sells Service 
Unit operational data and is descriptive of experience on the Papago Reser- 
vation. 

developed from analysis of local health care needs, demography, geography, 
coaummity interest, existing health care facilities, availability of providers 

and other factors. 

Application elsewhere will depend upon a definition of requirements 

Decision making encampasses a process of evaluating viable alternatives 80 

that one given alternative or a combination of alternatives will attain the 
desired end. The features of five alternatives are presented in Table 4-2. 
The evaluation consists of examining the objectives for the health care 
delivery system and weighing the potential of each alternative in terms of 
its expected performance in achieving each objective. 

Table 4 - 3 ,  Mathematical Model, presents in summary fonn the program objectives 
and sub-items, and the Computed Decision Values for five alternatives. Sub- 

totals are shown for Total Program Values, CostIFunding Decision Values, and 
the Performance Index. 
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The Ifathastical -1 presents the Total Progrr  Values and the values 
of u c h  objective for review and c q r i s o a .  The Cost,'€bndiq Decision 
Values, the PerforPurce Index, and the Total Decision Values u y  them be 
capp.rad w i t h  Total RO~N Values. The decision process highlights the 

pr0gr.i trlues or benefits against casts and perfonunce indicators. 

Tbe five major objectives, each with four sub-objectivcs, are briefly 
described below in the - sequence u list& at the mathemtiul d e l .  
(Table 4-3)  

Accessibility. To *rove the accessibility of bealth c u e  to the patients. 

Quality. 
previously available in the s r  location. 

To provtde health c u e  of a quality equal to or better thur th8t 

Accevtabilitp. To assure acceptability insofar as the quality of health 
care is perceived by iavolved people. 

Hardware and Systems. 
available f u i  use m d  printahable. 

To as-ure that hardware and systams are reliable, 

Adavtability. 
with charging dactnds of the system. 

To provide for flexibility and growth potential consistent 

The sub-total values 8 h w  on Table 4-3 are cmpiled as follavs: 

Total Program Value. 
by inputs frcm various individuals that had a direct contact with the 
STARpAEiC project. 
weighed against the 5 major and 20 sub-nujar projecc objectives is shown in 
Table 4-3 .  
in the total program values as shown in Table 4 - 3 .  

Evaluation for tot81 program value was accomplished 

Compilation of values for each of the five alternates 

Averagiqg the four inputs for each of the five objectives resulted 
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Cost/Rmdian Decision Value. 
szLLBpAI#: telecarurricatiop and other system costs coapatibh w i t h  coavcntional 
costs and =intab the present IHS cost and funding levels with no or minor 
increases. 
maintenance and semices were capsidered. 

(1) hplaartrtioa costs of designing, acquiring, accepting, installing, and 
starting up equiprcnt md facilities, and (2) recurring costs of operations 
.nd ruintauacc. 

The cost funding objectives are to keep 

Both implementation costs m d  recurring costs of operation, 
The cost/funding analysis includes 

Implementation Costs by Alternatives, vas caqruted using LBSC m d  IES 

SrcLBPbac cost data, adapted to fundlag the design, in8tallation, .nd start 
up of the five export altemrtives. 
of e q u i m t  removed frm the STARPA€tC system (See Alternative 1) m d  by 
anticipating reductions in the prime contractor's desfgn, installation, check 

out a d  acceptance costs sufficient to pay for Alternative 1 startup. Prices 
are adjusted to 1977 levels. 

Adjustments ucre nude by deleting costs 

Caputation of Cost/Funding decision values is based 00 consolidating 
fnplcpmt8tion costs and recurring costs over a three year period. A decision 
numerical value for each alternative is coaputed by dividing the total program 
values by three year costs. 
derive a cost funding decision value for insertion in Table 4-3. 

This factor is adjusted by 8 mltiplier to 

The three year cost period was selected because of current industrial and 
governmental practice of eutering only into ?apical projects with early 
payouts, and also &cause 8 three year period tends to level Out the impact 
of the equipment acquisition beyoad the first year's implementatian cost/ 
funding. 

Performonce Index. 
factors should be reflected in the model other than the program values 
and cost/funding decision values. 
cumstances that are not related to the program and cost analyses. 
this model a "performance index", Table 4-3 has been selected. In comparing 
performance, there are substantial differences in the annual OW capacity of 

Management may determine that one or more additional 

Management may recognize unusual cir- 
In 
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=bile unit and fixad si te clinics.  

vent by tre8tment 8s 8 perfornuPce index. 

puforemce index value, the c lh i ca l  capacity i s  naultiplitd by three years 

for corp8r8bility with the cost/funding decision value. 

This d i f f e r c a t i d  is highlighted for 

To 8rrive 8t the f ina l  

4.4.4 Other Ideas for Consideration 

Although W A X C  was designed for  the delivery of health services in a 

rata1 setting, the tel6edichc concept 8pplfcation thot h8s been implemented 

can be direct ly  adaptable t o  " h e r  city" situations. 

prowed effective for specidirt-consultation purposes in such f ie lds  8s 

d-tology, psychbtzy, radiology, speech therrpy, orthodontics, orthopedics, 

and anesthesiology. 

It h8s def ini te ly  

Telemedicine's potential for education and training in medicine and 

other f ie lds  has not been thoroughly q l o r e d .  
for t r d s s i o n  of medical-education information have demonstrated the 

feasibi  
for tieing-in a netvork of ground stations world-wide for  use in a series 
of related andlor unrelated fields.  

Projects using satellites 

ty of telemedicine for  educational purpose as vel1 as the potential  

The advent of reliable,  high resolution and relat ively law cost slw-scsn 

TV has opened telemedicine projects t o  smaller group of providers, or users, 
as -11 as -pplied the capability t o  support intercommunication betweeu 

l ibrar ies ,  law enforcement agencfes, real estate developers, teleconferences 
between industries, ard/or tel econfererrces between industry and government 
agencies. 

Leasing arrangements for  ground-to-sate11ite terminals may w e l l  be the 

s t inul*rs  for allowing smaller group t o  participate in t h i s  interactive 
method of cammication. 

There are serious problems in the delivery of health service i n  the United 

States and other countries. 

techniques in which telecomuuications can be used throughout t h e  ent i re  

health-care system may w e l l  provide the solution t o  other problems in  

areas involving interactive commnication. 

A more systematic approach t o  developing 
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Section 5 

coNcuJs1ms 

The major goal of the STbaPABC project vas achieved - 
feas ib i l i ty  of the STABPAliC concept in the  delivery of health care, 

(1) t o  evaluate the value and potential  of telemedicine using CBPls for  

providing quality health care t o  people in a remote area, (2) gaining 
information for  developing health care systsms for future manned space- 

craf t ,  (3) determining the constraints and capabi l i t ies  involved in the 

interaction between physicians and non-physician health care personnel, 

(4) determining the effectiveness and exportability of the STARPAliC technique, 

and 5) defining the additional developments that are needed and/or most 

valuable t o  improving telemedicine and i ts  exportability potential. 

establishing the 

It has prwen feasible t o  design, construct, test, operate, and maintain a 

re l iab le  telemedicine system i n  a remote environment. 

of the system vere rated high. 

si te crew. 

Performaace and quality 

Maintenance was within the capabili ty of the 

5.1 MEDICAL CONCLUSIONS 
The STARPABC concept i s  indeed an effective,  rea ' ls t ic  way t o  administer 

quality health care t o  people isolated in remote areas. There have been 

overall  increases i n  the u t i l i za t ion  of a l l  health care f ac i l i t i e s ,  and 

appreciable increases in the u t i l i za t ion  of both the mobile and fixed 

clinics.  The quali ty of care administered by CEMs a t  these f a c i l i t i e s  has 

been rated as "better than or  as  good as" that  administered i n  f a c i l i t i e s  

staffed by physicians and other health professionals. 

5-1 



Physician direction has been effective in  diagnosing and/or t reat ing 

patients by telemedicine in a wide variety of case types. Physician and 

CtM users have reported that the TCE capability has been e i ther  critical 

or  important and useful in 86.3% of the teleconsultations for  providing 

proper treatment and diagnoses. 

capability is reassurance t o  the in i t i a to r  that  the proposed treatment plan 

i s  satisfactory (whether the i n i t i a t o r  is i CHH or  a physician). 

A major value of the telediagnostic 

U t i l i z a t i o n  of the combined fixed and mobile f a c i l i t i e s  teetilted i n  an 
increase in, 1) the number of patients, 2) the d e r  of individual patients 

treated, and 3) the percentage of t o t a l  population. 

a significant p a r t  of the increase resulted from deploying the nobile 

f a c i l i t y  to a remote part  of the resemiation that was underutilizing 

health services pr ior  t o  STARPAHC. 

It was conclude3 tha t  

The five most valuable capabili t ies of STARPAHC in the opinion of the providers 

were, 1) computerized health records, 2) audio teleconsultations, and 

3) mobile health unit ,  4) color TV, and 5 )  WJ TV. 

R w i d e r s  have negative as w e l l  as posit ive at t i tudes;  

accepting equipment malfunctions and making t ime  for consultations, Flus 

problems i n  overcoming old biases and parochial a t t i tudes toward innovative 

practices. It i s  important that  providers be suff ic ient ly  trained, and they 

be made t o  fee l  pa r t  of the system through early invoivement and organizational 

responsibility. 

Papago people with bet ter  access to  Rood care. 

they have problems 

A l l  orwiders  reconnize the sinnificance of prwidinn the 

Research evaluation of Slow-Scan TV f o r  diagnosis of X-ray images, patient 

examinations, and microscopic s l ide  images concluded that quali ty visual 

data presented i n  the special is t  were effective. Ifore experimental work 

i s  needed in  t h i s  area. 
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The patients report considerable satisfaction with the services provided. 
The Hobile Health Unit is the most important aspect because it provides 
health service to the western districts vhich prior to STARPAEC received 
less than the other districts. The time saved for a patient in an outlying 
village receiving remote health care compared to that required in his visit 
tu the central hospital is one of the significant side benefits. 

Cost per outpatient visit (Om) for STABPAHC patients is $49.69. The 

relatively higher cost than that published for on other telemedicine 
projects (East Harlem Child Health Care Station/Mount Sinai Project - 
$52 in 1973, and $43 in 1974) is attributed to the field conditions in 
the remote area served by STARP'C. 

Projected costs during the on-going IHS operation resulted in 
economics that are reflected in costs per O W  of $47.22. It 

certain 

s concludec 
that further reduction in cost per OPV can be effected if the d e r  of 
patient visits increase, and/or fixed and mobile clinics were operated on 
a longer schedule. 
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5.2 ENGINL Z I N G  CONCLUSIONS 
Cammercial off-the-shelf equipment can indeed by synthesized into a reason- 

ably dependable, reliable, and maintainable system. (For example, out of 
7390 telecamasnications during the Nay 1975 to May 1977 time period, there 

were 120 failures, resulting in a 98.38% performance acceptability ratio.) 
High maintainability vith minimum down-time requires skilled maintenance 

technicians, adequate spares, and redundant comPrmnications mode. A back-up 
audio link is essential. 

Operation in a rural desert environment requires attention to several unique 

situations. 
All equipment that can be should be powered from D.C. power supplies. 

it is necessary to provide A.C., - e.g. for a computer operation, an uninter- 
ruptable power system (stable A.C. pover supply) should be specified. Sensitive 

equipment installed in mobile units should be shock-mounted. 

dust should be prwided, particularly for optical equipment. 

should be given to providing positive air pressure inside a mobile van while 
moving and while in position for dust control. 

was a feasible method of inhibiting the entrance of fine dust into the mobile 

unit. Grounding and lightning protection must be installed, Grounding is 
particularly difficult in rocky ground. Eight-foot copper rods (5/8 in. 
diameter) must be buried and, in many cases, must be wet down to create an 
effective ground. 

Pover in rural areas is not stable enough for equipment operation. 
Where 

Protection from 
Consideration 

Test in the desert proved this 

Equipment utilization was found dependent on the capability of the provider, 
the medical need of the measurement, and the individual assessment of its 
value. 

were not needed because of the low incident of the problem. 

four12 valuable in storing and providing current patient histories to the field 

health care personnel. Software application programs designed to give special 

aid to the CHM or the hospital nurses and pharmacists were not used frequently 
because of the low need in a small 50-bed hospital. 
probably be very useful in a larger (350 bed) hospital. 

Some equipment was beyond the capability of the provider while others 
Computers were 

These programs would 
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5.3 SaM3ARY 

The STARPBHC concept ver i f ied the  f eas ib i l i t y  (telenedicine plus physician 

assistant - under the direction of a physician) of delivering quali ty 

health care $0 people i n  remote areas. 
evaluation have provided considerable medical and engineering data which 

w i l l  be valuable t o  the designers and planners of future health care 
systems on ear th and in space. 

The two-years of operational 

The anticipated plus the known benefits  demonstrated by STAIZPBBC w i l l ,  

i n  time, prove the foresight of those will ing t o  init iate an innovative 

and unique health care approach. 

solution t o  the major problem of delivering qual i ty  health care t o  

people in remote geographical areas. 

STAWAEC provides a d i re ly  needed 
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Appendix A 

mALuA!cIoN ?LAN 

The STARPABC Evaluaticln Plan hes been structured t o  provide 

data and information toward achieving these goals: 

o STARPAHC Improvement 
o Ekportability * 
o Acquisition of Space System Design Data 

A. 1 DmA COMPlY.ATIOIV 

Figure A-1 illustrates the hardware evaluation approach. 
Acquisition of f i e l d  data is acccmplished through the indi- 

v i A d  site personnel dai ly  records (sptem operator -- 
telecarnnunicaticm reco rd~ ;  cauputer operator -- software/  

hardware; maintenance technician -- daily maintenance/ 
logis t ic  records; site manager -- summary records and IBS 
dai ly  operation records). 
i n to  caxputer-based or manual 1 ~ s .  
periodically cross-checked anC correlated v i t h  the DE medical 
evaluation data ccmpilaticns. 
logs and two ?!lanual logs which, with the i r  data and format, a re  
described i n  Table  A-1. 

Data fran these records is entered 
These log entries are 

There are four computer-based 

A.2 mALmAL PROCESS 
Raw data in each of the fwr caxputer-based logs is reduced t o  
a swnmary printout giving pertinent data as indicated in Fig. 
A-1. 

produces total telecamnunication trammission by fac i l i ty ,  by 
type of TCE, and l ists  the quality and purpose of each trans- 
mission. Similarly, tht  ,quipnent Trouble Reports are  summarized 
on a monthly basis, per specific canponents o r  i n  any format 
that lends i t s e l f  t o  trend analyses or  cmparative analyses. 

For example, a report program for the  equipnent usage log 

* Potential for use i n  other areas. 

LOCKHEED MISSILES & SPACE COMPANY. INC. 



1-T- 

r T I 

A-2 

LOCKHEED MISSILES & SPACE COMPANY. INC. 



Table A-1 

W A  LOGS 

ORIGINAL PAGE 1s 
OF POOH QUALITY 

0 Equipment Usage Log 
The Usage Log ident i f ies  Date the  equipment was userl, Equipment Naue, 
Purpose for t h e  telecollnnunication, Quality, and Locatio0 t o  Lmation 
of the  transmission. 

o Equipent Trouble and Corrective Maintenance Report 
The Trouble Report ident i f ies  Date, Hour, Equipment, Facil i ty,  Model, 
Location, Ser ia l  Number, When Observed, and Action Taken. Also, t h i s  
report indicates par ts  required and a c q l e t e  description of the  
incident. Time back on line and date is also irdicated. 

o Equipnent Preventive Maintenance and Calibration Log 
This report indicates Date, Hour ,  Equipoent lkme, Faci l i ty ,  Equipment 
Type, Manufacturer, Model, Se r i a l  Number, Location, 4 Description of 
work t o  be done. 
a clear  wark schedule and exactly w h a t  manuals (if any) t o  use and the 
frequency aad materials required t o  do any given mairfenance. 

This repart  i s  very narrative and gfves the  technician 

0 Ccmputer System S ta t i s t i c s  
The Caquter Log provides User's IWne, Tool Name, Terminal Used, Date 
Base Number, Number of Inputs from Terminal, and Nunber of Outputs t o  
Terminal. 

0 Manual cost Log 
The C o s t  Log per se indicates only the original cost of each piece of 
equipment i n  the system by equipnegt types. 
and cover the spectrum of time charge monitoring of Lockheed s i te  
personnel t o  separation of cost as a result of pet ty  cash expenditures. 
Only direct  costs associated with the bardware w i l l  be repoll-ted. 

Cost sources are varied 

--- 

Brief ccmputer printouts of three cmputer-based logs follow. 

Equipnent Usaqe Log Canputer Printout 
Periodically, the data frun the  hand-written log is  entered fn the  evaluation 
data base within the  Yarian mini-ccmputer. The hard-copy log is retainzd as 
backup fo r  the canputer data. 
canputer printout is  as folluws: 

A typicai example of an equipea t  usage l o g  

, 
\ 
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Table A-1 (Continued) 

Equipmerrt Trouble Report Log Canpuker Printout 

This Log is entered 8s soon as it is reported and remains open u n t i l  fixe&. 
A brief extract  o f  the ccmput?r printout is shown belcrw: 

DHTE: 03DEC75 

EOU I PMENT NHME : MY I N GEN 
FRC I L I TY : MHIJ 
FnRM NfiSME: TPDUBLE REPUPT 3 1  

HOUR: 0930 

mmm: 
LOCATION: 
X R I H L  NO.: 
PREPHRER : 
3B:SERVEIr DUE I ti6 : 
IFIC I DENT CLHSS : 
FICTION THK:EN: 

FQRTS FEQU I RED: 
T I ME FOR CORRECT I ON: 
1iE:SCRIBE INCIDENT: 

Preventive Maintenance b s t r u c t i o n s  Log C q u t e r  Printout 

The Preventive Maintenance Instructions (PK) supports the Trouble sad  Corrective 
Maintenance report f o r  fur ther  evaluaticn as t o  ''why1' and "how" the problem 
occurred and w h a t  future action needs t o  be taken t o  prevent e reoccurrence. 
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The reduced r a w  data are  next subjected t o  an analytical  
process that yields products such &s arithmetical ra t io ,  
usage trends, performance acceptability ratios,  trans- 
mission usage time, monthly canperisom, and frequency/ 
distribution of equipnent usage. Twa c.f the Snalytical 
processes are concerned with (1) anamalies (any measure- 
ment/data that, deviates fian n o m d  performance -- f L i r ,  

poor, not acceptu le  q w t y  ratings) and ( 2 )  cost.  he 

cost analysis collects capi ta l  equiperrt and qe ra t iona l  
costs and then relates the data t o  the systen! and medical 
usage time and t o  the number of patients treated. 
affords a measurement of the effectiveoess of the system. 

This 

The products of the analytical  process as sham in Figure 
Ad furnish the basis fo r  conclusions and recommendations. 

Resulting actions, as indicated i n  Figure A-1, are direct ly  
associated with meets3 the three evaluation goals. 

system or design changes and cost imprmemects are typical 
of the r e s u l t b g  actions. 

Specific 

A . 3  DATA AUDlT 
Three methods of' auditing the accuracy of the entries in the  

equipnent usage log are (1) local  surveillance, (2) surveil- 
h c e  during visits, and (3) review of computer printout 
cumrelated against the system manager log, the two system 
Operator's daily written reports, and the maintenance 
technician daily report. 

The s i t e  m w e r  oversees and routinely checks the entries on 
a daily besis as part  of' his  preparation of h i s  daily systen 
status report. Spot checking on accuracy of entries is done 
direct ly  while observing daily occurrences. 
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U S C  Sunnyvale personnel, on periodic vlsits t o  the site, 
also direct ly  observe entries an? verify accuracy on a 
sampling basis. The most important surveillance is scrutiny 
of the bily tape printout. 
cations with s i t e  personnel 03 a variety of items, status of 
conditisns, troubles, and incidents a re  being discussed continu- 
ally.  Accuracy of the entries can be verified by cross-checking 
the source of information. 
and corrected by t h i s  means. 

Because there axe hmrly  ccxrmuni- 

Errors i n  entry have been detected 

114 MEDICAL EVAIXJATIOd APPROACH 
The purpose of t h i s  section is  t o  provide a description of the 
grocedures, data sources and methods ut i l ized in the  medical 
evaluation approach. 

There are  sane differences between the medical usage s t a t i s t i c s  
and the  hardware usage s t a t i s t i c s .  
the reasons f o r  these differences. 

This section w i l l  c la r i fy  

The primary reason fo r  the apparent difference l i e s  in the 
different approaches taken by the evaluation studies. 
ca l  evaluation analyzes the use of the STAF@AE equipnent f rm 

the viewpoint of the  impact upon patient care, whereas the hard- 

ware evaluation assesses the performance and use of equipent  
Lypes . 

The meai- 

One tool  used in the medical evaluation is the analysis of each 
"patient episode" where telecunmunication eqidpnent i s  being 
uti l ized . 
The hardware evaluation as discussed b. previous sections, 
analyzes the use of each ccmponent of the telemedicine system. 

One parameter is the purpose of the use of each piece of c m u -  
nications equipnent. O f  the six purpose categories l i s ted ,  two 
are related t o  patient services, i.e., Medical Administration 
and Clinical Consultation. 
are abbreviated as "MED/ADM" and "CHM/PHY*, respectively. 

The two patient service puqoses 
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Tht purpose for each transmissicm requested by the health care 
staff is l-ed by tk console aperator at the Sells Hospital 
(g;sccL E ttae request is for m e d i c a l  records persame1 t o  

always desigmted m c ? a l  admlni8traticm (m/m)* 
cme t o  the physician's console roan, then the purpose is 

E '(;he 
f ie ld  rea_trest is for a telepha~ caanectiaa t o  another Sells 
office, such as the labaratmy, medical records, or the phar- 
nacy, then this purpase is also &sigmsted as MKD/ADM. AU 
m a  far the Sel l s  phYsiciaaS, dentists, pbysical therapists etc. 
are entered as a clinical consultation purpose (cRI/PHP), 

The Sells system opexntar can usually ascertain the ccarect 

purpose ercept vhen the privacy suitch is i n  operaticm. The 
operator has beeo inst.ructed not t o  ask the health S-PPPPPPPPPPPPPPJe 

s t a f f  for tke purpose t o  amid Zntemqrtim af the dlalogrre. 

If a voice carnectiaa is utilized (i-e., hot line, hads-free 
Eux or Yap), by the system operator ar the health care staff, 

to discuss kroblems mrelateci t o  any individual patient, tSen 
the uperator has been instructed t o  code "the R o s e  as " c a m n  

nicatijn". E the health staff has the tine t o  sen6 reference 
signals, then this calibration activity is ccdeb as "check out". 

A.5 
Both the hardware and medical evalue%ioa ham me caanm source, 
tie systems upe=atacgs logs. The iedical eveluation uses the 

following additional sources. 

DATA SalRCE USED F'OR MEDICAL EVAIUATIOH 

A.5.1 The Teleccmmnuricaticm Ev&luatioa F m s  (Tables A-2 

and A -3) 
These forms are t o  be i*i;led out by both the sender and the 
receiver immediately after each teleconsultatian. The irfarae 
t ion requested on each ?am is slightly different but sinilar 
i n  m o s t  respects. 
care staff, and only for transmissions relative t o  incX-ridual 
patients. 
missicns are  classified as "poor" or  "not twceptable". 

These foms  are canpleted only by the health 

Evaluation forms cre f i l l ed  aut even vhen trans- 
The 
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Table A-3 
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prutocol bas excased the health staff f'ran canpleting these 

fahms adly when a voice transmission is requested via a tele- 
phone patch t o  a s i te  other than the physician's console roac. 
This exception was made at the request af the  health staff t o  
avoia the paper m k .  Eiouever, these transmissiam are logged 

by the systems aperatar &er the appropriate identification 
number for the patient. 
data has been requested by the field staff fran ?he S!CAFPAlE 
canputer at Sells. 

The other erceptioa is whec anly patient 

In additicm, each Sells cansultant's farm is stamped by a tine 

clock at  the beginning and the end of each televisiaa consulta- 
tion. Frm this Marpaticu, the tiae and cost by health service 
staff category may be calc\rlated. 

~ ~ 5 . 2  The Canputer  Printouts from the Health Infarmation 
Systes! (HE) (Table A-k) 

h c h  month, all patient visits t o  the m o b i l e  u n i t  and to the 
S a n t a  Rosa Health Clinic are received by the DE evaluaticm 
df i ce .  The patient's name, identification nunbcr, health 

provider and health prdblems are included i n  this print- 

along with other infamation. 
each month at the end of the t h i d  week of the following month. 
This delay is far the purpose of including as many late patient 
encounter forms as possible and yet be able t o  produce a timely 
mosthly report. 

This request is processed for 
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A.5.3 The Patient ' s  Health Records (Table A-5) 
The ccmplete hard capy health record for  each patient whose 
encounter involves a STARPAHC transmission is analy~ed by the 

evaluation office. The purpose is t o  describe the results of 
the  canmunication within the total context of the patient 's  
problem. The time intervals between the steps i n  the process 
of health care, and the miles traveled by the patient are 

documented. ( m e  process 09 health care includes the time 

and distance between the occurrence 09 the problem and the 

first cmtact  with the health system, +Ae time between first 
contact and symptanatic treatment, first impression and defini- 

t i v e  diagnosis, definit ive disgnosis and definitive treabent, 
and finally, time cf resolution of the  problem.) 

The H E  system also provides narrative medical summaries for  

certain patients. Patient's recards are selected for c r i t i c a l  
case review if a c l in i ca l  consultation u t i l i z ing  the  S!PARPAEE 

television equipent  occurred 
are coded as either "cri t ical  for  the proper care of the 

patient" or "confusing or harmful" in the opinian 09 the health 

staff. 

if? the consultation results 

A.5.4 Interviews with the Health Staff and Patients 

The STARPAHC evaluator intervievs all users of the system when 
there i s  diff icul ty  in reconstructing a patient transniission 
selected for c r i t i c a l  case review. 
arise because of incanplete records or incongrac~ls records. 

These di f f icu l t ies  usually 

Periodically interviews are conducted by a trained behavioral 

scientist with a l l  the health staff using a structured questionnaire. 

Other questionnaires are designed to be administered by Papago speaking 

interviewees to residents of communities served by the MHU. 
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TABLE A-5 CONTINUED 
ORIGINAL PAGE 1s 
OF POOR QUALITY 

INFAT IENT ENCOI-INTERC 4 

OUTPAT I ENT W'ID F I ELD WIT I **/ I T I E'S' 
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A.5.5 
Both studies u t i l i ze  a computer printout t i t l e d  "Equipanent 
Usage Logtt. 

t o r ' s  logs. 
locations involved in the transmission, purpose of t he  me, 
and the  quality of' the signal as estimated by the operator. 

Data Scurce Caanncm t o  Both Evaluations (Table A-1) 

The program is constructed f r c m  the console opera- 
It includes the  date, type of equipnent used, 

In one respect, the  printout for the  hardware evaluation differs 
AFan the  printout fur the medical evaluation. The hardware 
evaluation form contsins the time in minutes that each canpanent 
was i n  use. 

cantalns the patient's identification number for each use of 
each piece of canmunications eqyipuent instead of the  elapsed 
time. 

The retrieval report used fo r  medical evaluation 

A.6 
A t  the end of each month, the telecamnunication evaluation forms 
fran the IHS staff me received by the STARPMC evaluatur. 

PROCEDURES FOR ANALYSIS OF UTILIZA!I!ION REPORTS 

The canputer printout f rm  the equipment usage logs maintained 
by the Se l l s  systans aperstar is also received. 
made, and a list of patient transmission discrepancies i s  genera- 
ted and sent t o  the system uperatar. 
the daily hand-written logs for those transmissions reported by 
Es, but nut indicated i n  t h e  equipnext usage log printout. The 
missing patient consults are entered into the canputer if they 
can be located in the daily log and matched t o  the patient 's  
identification number. Huvrever, the  tables prepared by the  IETS 

evaluator f w  the monthly reports include all known p t i e n t  
transmissions whether or  not they were recorded by the system 
operator. 

Ccarparisans are 

The operator then consults 
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Transmissions ham t o  the systems operators, but fo r  which the 

IBS staff failed t o  return evaluation forms, are included in the 

tables reporting the r a t i o  d' use, by si te and purpose, and 
whether voice or television was used. Charts are then located 
for c l in ica l  use uf television (as reported by the systems 
operators) and analyzed for impact whether or not IHS evaluation forms 

are available, Only a sample of cases were used due to staff time constraints. 

Occasionally, the printout indicates that a c l in ica l  transmission 
occurred using c e r t a b  canmunications equipneat but the uperator 
failed t c  indicate the patient's identification number. If an 
lIIs evaluation farm with an identification nunber is available 
for  these transmissions, then both the hardware and medical 
reports will include this information, and the printout wi l l  

be corrected. If no information is available t o  relate the 

transmission t a  an identifiable patient, then t h i s  consult w i l l  

nat be t a l l i e d  i n  ths IES report. However, the hardware report 
will inClyde in the  totals the fac t  that specific items of 
equipment were used for c l in i ca l  or administrative purposes. 

The following example using a portion of the equipment usage 
printout should c la r i fy  the above procedure: 

05~ay75 x m-cm MED/ADMIIT. GOOD HSSCC MEU 
05Mafl5 x HAw)rsFREE, MUX MFs/ADMIN. GOOD MHU HSSCC 
O'jMafl5 x Hc1ILIXE CObMJNICm GOOD MHU HSSCC 
05May75 x HANDSFREE,MJX MED/ADMIti. GOOD MHU HSSCC 
0%3f75 x HOTLINE COMMUNICA!T GOOD MJ?; HSSCC 
OSMay'75 x HpNDS3TEE, ivIux MED/ADKtN. GOOD .XEJ HSSCC 

This use of equlpent occurred on May 5, between the mobile 
u n i t  and the Se l l s  hospital. 
number should appear, an "x" i s  seen instead. 
indicated by the systems operator as "medical administration" 
and as "cmunic& ion'' referrable t o  a patient. 

In  the column where the patient 's  
The purposes were 
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In urder t o  avoid losing potentially valuable data, it was 

agreed tha t  the  hardware t a l l y  should include these data. 

However, it is impossible f o r  the IHS evaluator t o  decide 
fran t h i s  data alone whether one or  six patien> episodes 
occurred. 
Es report. 
numbers f ran the IBS evaluation reports and correct the print-  
out * 

Therefore, t h i s  information is anit ted f rm the 

Every effort is made t o  find the missing p t i e n t  

The totals of specific pieces of equiperrt used i n  medical 
transmissions in the -ware reports cannot be equal t o  the 

t o t a l  of patient episodes. One patient episode could poten- 
t i a l l y  account f o r  the use of fram one t o  twenty-two different 
canponents of STARPAHC caumunications equipoent t o  canplete 
the consultation. 
evaluation does not include any c q u t e r  canponents, nor any 
non-camunicaticm equipnent u t i l i za t ion  such as microscapes, 
X-ray machine, incubatms, etc.). 
more than 8 ccmponents. 

(The list of equipnent used i n  the  hardware 

Few, if any, episodes used 

A . 7  
The tally of patient visits ' 

provided by the Health Inf'ormgtion System printout. 
mation on t h i s  printout includes ID and d i s t r i c t  of residence 
of the patient. 

PROCEIXTRES FOR ANALSB OF PATlENT VISITS 

ihe mobile and fixed c l in ics  is  
The infor- 

The IHS evaluator requests t h i s  printout three weeks a f t e r  the 

end of the previous month f o r  monthly reports, and eight weeks 
a f t e r  the end of' the quarter fur quarterly reports. 
is  necessary so that patient encounter forms tha t  a re  delayed 
f o r  being'entered in to  the  cmputer can be counted. 

This delay 

Only those "encounters" forms tha t  r e i a t e  t o  an actual visit t o  
a s i t e  f o r  health services are counted i n  t h i s  printout. 
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Esch 
a STARPAHC transmission and a patient number is checked against 
t h i s  evidence of a patient encounter as l i s t ed  i n  the HIS print-  

out. The quarterly listing of al.. diseases and patient problems 
f o r  which the STARPAHC equipnent was uti l ized is prepared a f t e r  
correlation and corrections are made. 

ewluation form (as discussed under A . 5 . 1 )  recording 

Patient e n c m t e r  forms are  ut i l ized by the health staff f o r  
m a n y  purposes ather than t o  recced an actual patient visit. 
Same of these purposes are t o  keep the computerized medical 
sumnary up t o  date by recording infomation obtained before 
or af'ter the actual patient visits; t o  record medication re- 
newals given t o  a patient attending a cl inic  but intended for 
another patient not i n  attendance; t o  schedule appointments 
for patients not in attendance; and m a n y  other purposes. These 
encounters are not totaled as patient visits in the IHS monthly 
evaluation reports. 
"Other Patient Services" i n  the SHS quarterly reports. 

They a r e  included under the category OP 

On the other hand, many patients visit facilities in person 
and no encounter forms are  generated. These visits may be for  
the purposes of: 

that was request ? during a formerly recorded enccrzter, t o  make 
an appointment for themselves or suneone else, t o  bring l e t t e r s  
or other documents requested by health groviders, and m q  other 

reasons. 
encounter farm, or the form fails t o  reach the keypunch operator 
i n  Tucson. 

Bringing a specimen for  a Laboratory test 

On rare occasions, the provider fails  t o  ccmlete the 

In addition t o  obtaining the number of patient visits f rm the 
H I S  printout, the medical evaluation reports a l so  include the 
t o t a l  patient "problem" thet are l i s t ed  for  each vlsit. 

l'problemsll as written by the health provider m e  actually 
reasons far the visit rather than health problems such as 
"imuunizations", "well child exam". 

Sane 
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The total of Wtient  vis:I;s, and the t o t a l  patients '  problems 
are used t o  calculate two different ra t ios  fo r  equipnent y i t i l i -  

zation in  the STARPAHC project. 

A .8 LIST OF MEDICAL TABLES AND CORRELA!TIONS 'Po BE COMPILJD 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9-  

10. 

11. 

MONTBLY I N  THE F/AI?JA!I!ION REWRTS 
Fr-qaency of use by site and tme of cmunica t ion  (voice 
or television). 
Patient ut i l izat ion by day far two CEM sites equipped with 

t e l  ?r 3pnmunicatians (Mobile Clinic and Fixed Health Center). 
Frequency of' use of STARPAHC canmunications equpnent by 
health provider c t  tegory and site. 
The reason for in i t ia t ing  teleccmnunications by s i t e .  
R e  type of impact fran the ccmpletim of the telecommuni- 
cation by degree. 
The value of eact teieccanmunicatiJn by type of health 

provider. 
Frequency of failure t o  canplete a desired telecommunication 
by type of equdpxuent and reason. 
Carrelation table of patient episodes where teleccolnnunica 
t ions were used by data source (IHS or T X C )  and reason 
for  use. 
Summary of each patient episode where television was used 
far c l in ica l  c o n s t a t i o n .  
Summary of each patient episode mlued by ITcj staff as being 
"c r i t i ca l  for  the  pruper care of the patient" 3r "confusing 
or harmful". 
Telecmmunications r a t i o  of use by number of patient visits 
and number of recognized patient problems. 
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A.9 QtlALrrYOF CARE STUDIES 

A series of about 50 computer progrcms were designed t o  measure the 

quality of care rendered by the health system re la t ive  to specif ic  tracer 
conditions. E.ch quality measurement program uses t h e  dat8 i n  the health 

info-tion s y s t a  gathered by the providers a t  the t i m e  of each patient 

encounter. 

Medical Care Revitv u r g m i u t i a n  (EMCRO), original ly  funded by DEEU, 

National Center for Health Research. 

The pr-wams were developed as part  of an IES Experimental 
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STARPARC caabines basic health care facilities, and supporting 

technical services into a health care delivery system. 
STARPAE operational concept is based on utilizing the 

prdessimal IES staff of the SeUs Hospital, where e BSSCC 
is located, t o  prod& dlrectioa and coasultatiaa t o  paramedical 
and technical perscmnel statiaaed at the remate clinics, IBSC, 
and the MBU. The interchange of infarmatian between the HSSCC, 

Tht 

LEX, and MKU is accmplished bg voice, at+ and ddeo c m -  
nicaticm links. 

meats recard keeping, data retrieval and hta analysis. 

Ccmpl. ter-based data management techniques -le- 

The STAFWEC elemen-& - are operated by a +a consisting of I B S  
provlded physicians snd health-care prdessbnals  and by USC- 
provided technical personnel. 
are under the direct supervtsiaa of an IRS physician at Sel l s  
by means of voice, data, and vi4eo ccEnrmnfcat:on channels between 
the STARPATE elements interconnected by the relay statim on 

R e m a t e  hedth-care 2rof'essicmal.s 

Q ~ i J c r t ~ e  ( a ~  depict& in F"Lgure B-1). 
s h m  in Figure B-1 c o a ~ i s t s  of: 

The Configurati- 88 

o The control center, located i n  one wlng of the Sells 
Hospital. 
Telemedicine system uperatars . 

o A local health service center at the S m t a  R o s a  Clinic. 
It is s t a f f e d  by XIS CHM's and functions as a fixed 

remote clinic. 

It is staffed by IES physicians and LWC 

o A mobile health unit. This is a cll=lically equippa 
van-type vehicle t h a t  is staffed by an IHS CHM and an 
IHS practical nurse. It functions as a remote 
sobile clinic, visiting a nunber of villages OL a pre- 

selected route d schedule. 
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B . 1  

The Phoenix R e f e r r a l  Center. This f a c i l i t y  provises a 
Telemedicine roan in the Indian Sealth Service Hospital. 
in  Phoenix far access t o  specialists (thraugh audio and 
slo-scan television l inks) fran the cc t l t rd  center. 
The Albuquerque Computer Center. This facility provides 
STARPAHC data system access t o  the bl ian H e a l t h  Service 
patient information system data base. 
!Che Quijotoa Relay Station. This station is used far 
m i c r a v a v e  transmission of television, voice, and h t a  
and VHF wice/data between major system elements. 

BSSCC 
The Indian Hospital at Sells, Arizcma contains the Control C e n t e r  
af the system. Here,  the  physician dfrects. the canmunity health 

medics and labaratmy technicians, ccllmnmicates with patients, 
and ca l l s  up data t o  assist in the examination and treatmellt of 
patients . 
The physicien also c m  consult with specialists at the Phoenix 
mian Health H o s p i t a l  ami can direct the system operator t o  
perform specific f'unctions such as recording a TV image, sending 
slo-scan TV X-ray images t o  Phoenix, and selecting o ther  needed 
cammmications modes 

The nerve center at the STARPAHC camnxnicatians system is con- 

tained i n  the Operator/Carrmunication r3ap at Sells.  
operator's console, the system operator interconnects all video, 
voice, and data U s  in the system by m e a n s  of the equipnent in 
the roan. Caamtunicatian outputs and inputs are p o d d e d  in three 
separate modes: 
data); and telephone (voice, data, single-phased recorded video) . 

Wan the 

?nicrowam (video, voice, data); VHF radio (voice, 
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The data equiment roan at Sel ls  contains the  carputer system 
and data bank and peripheral data equipnent. 
fed in to  the canputer fran LBSC, ,W, an 
video display, teletypewriter, a d  printer sources. This infor- 
mation is stared in the data base for playback t o  all sources 
or t o  the Albuquerque Canputer Center (W) .  

can also be received and routed t o  STARPAEC locations by the 
Sells  ccnputer. 

STAWAHC data is 
%her remote locatian 

Infarmation a t  the ACC 

The Physician's Roan at Sel ls  contai=ls eqpipnent and apparatus 
allowing the _*ician t o  view, hear, and direct m e d i c a l  activi- 

ties at the MBU and the  LEX, t o  camrmaicate visually ar by 
voice with all other elenents of the STARPAHC systen; t o  ask 
for and receive canputerized patient 's  recmds and other data; 
and t o  have consultation with other physicians at the PRC. The 

Physician carries out these ac t iv i t ies  with a minimum of controls 
fran his desk at  the Physician's Console. 
Console, he has at  his disposal a 3-channel ECG car t  with 

cardioscope/strip-chart recorder, and a B&W TV camera and X-ray 
f i l m  viewer. A dedicated B W  To camera is housed i n  his  console 

t o  provide his image t o  the patient at the MHU and LBSC. A l l  of 
t h i s  equlpent can be operated by the physician rhile seated at 
the console. 

In  addition t o  the 

The HSSCC provides space f o r  a VHF radio controller t o  enable 
cmuunicatians with the existing IXS ambulance radio frequency. 
An area and interface capability is also provided at t te  BSSCC 
far a base station for cammmication with a Portable Ambulance 

Module (PAM) installed i n  the IHS Ambulance Van. 

Ihterface between the HSSCC and the Albuquerque Computer Center is by 
high-speed serial-digital signals via telephone lines. 
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B.2 raSC 
The Santa  Rosa Clinic is an existing cl inic  whose capabili t ies 
are enhanced by the telecamnunication equipnent provided by 

the STARPAEC system. 
by paramedical personnel, laboratmy technicians, and a secretary/ 
receptionist. 
center with an "Outreach" capability t o  deliver quality health 
care t o  patients through the STAEPAHC system. There are three 

roans in the cl inic  used for STARPAHC applicaticns. 

The cl inic  is well squipped and staffed 

It provides the physician at the hospital control 

The Bnergency Roan at the Santa Rosa Clinic contains the STARPABC 

operational console which is  the central  controlling unit far all 
of the clinic's STAFPAHC equipnent. The console controls the 

transmission and reception aP visual and audio signals to and 
f'ram Sel ls  Hospital fran several roans including the Ikerjency 
Roan. 
two TV cameras and the intercam. 
viewing w h i l e  the other is  used far endoscopic examinations. 
video data teminal is located in  the rm t o  receive, send, and 
display inf0rme;tion t o  and fran the BSSCC cauputer. 

It also contains the individual controls tkt operate the 

One camera is used for patient 
A 

The Exapination R-3 l ike the bergency Roan, has an intercan 
system and a video data terminal (adentical t o  the emrgency 
roan's uni t ) ,  a B W  camera and monitar is located i n  the rom 
that can be used far sending X-ray images o r  any other visual 
data and can also be used fo r  patient monitor- 

The Laboratory at the S a n t a  Rosa Clinic has intercam units, a 

color TV camera matched t o  a standard binocular microscope, and 
a color m o n i t o r  for viewing the  transmitted s l ide inage. 
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The Data Managenexrt area is  a smal l  roan outside of t h e  main 
entrance t o  the nlinlc. The roan contains the two equipnent 

rack assemblies tha t  parer and control a l l  of the television, 
voice, and data caumunications eqdpnent. The roan is air 
cmditioned t o  provide cool aperating temperatures f o r  the  

equipnent, and canfort far maintenance personnel. 
roan intercau is provide$ 

-4 r m - t o -  

A 55-RW A l n i l i a r y  Generator is permanently m o u n t e d  an a ccncrete 
foundation &side by the rear of the LHSC. 
e lec t r ic  parer t o  the c l in ic  and a l l  e lec t r ic  equipent  i n  the 
event of a failure of the regular power supply. 

This generator provides 

B.3 MOBILE HENEHUNlT (MEU) 
The MB[J is 8 Sipauer version of' the Santa Rosa Clinic. It serves 
rural pupulatims by scheduleci visits t o  four Papago V i l l t g e s  

Mcnday through Thursdaj-• Friday and Saturday are used for clean- 
up, maintenance, and repair. Overal l  vehicle specifications are: 

Overhead Clearance 16 ft 
Vehicle Width 8ft 
Vehicle Length 35.6 ft 
Vehicle Length with Trailer 5 1  ft 
Maxirmna Permissible Speed 45 mph 
Fuel Capacity &gal 

The MIN has four areas: 1) Cab, 2) Examination Roam, 3) Reception! 
Carpnunication/I& Roan, and 4) X-?ay Roan ,  A 30-Kw genergtm is 
mounted on a trailer which is tmed behind the MEW. 

The MEU has a number of two-way cunmunication devlces, bath audio 
a d  visual ,  t o  permit fWJ. coveraqe of a l l  situations between the 

MEN and Sel l s  Hospital. The MHU roo2 antenna allows microwave 
TV and voice transmission fran and t o  HSSCC via the Qui jo toa  

Relay Station. VHF capability between LESC and ESSCC is also 
available. 
are provided for  data input and retrieval, and the equipnent is 
connected into canpters serving the system. Inside the v a ~ ,  a 

Teletype and data equipnent, hoth visual and printout, 
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room-to-room intercom is provided. 
an outside VHF handset can be used for emergency calls to Sells, 
and an alarm system will automatically sound an alert at Sells 
in case of fire, break-in, or an emergency call. 

When the van 1s unattended, 

Most of the communications equipment in the MtlLT is controlled 
by or thrwagh the control panels located in each of these rooms. 
A hotline RF telephone is wall-mounted in both the Examination 
and the Reception Roams which allows private talks with the 
HSSCC physician or operator. 

Color TV monitors are provided in the Examination Room and the 
Laboratory area for monitoring transmitted images or for monitor- 
ing the transmitted Sells physician image. A W monitor is used 
in the X-ray room to view the transmitted X-ray images. Color TV 
cameras are used to send color pictures of the patient to the 
physician's console at Sells. 

patient viewing while the other is used for endoscopic examfna- 
tions. A color TV camera combined with a microscope is located 
in the laboratory area for transmission of microscopic slide 
images. 

One camera is used for standard 

A teleprinter is used in the recep'fon area for sending or 
retrievin printed patient's records and other information. A 

CRT data terminal is located in the examination room which per- 
forms a simi?ar function. 
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B .4 QRs 

The QFtS is located on the Quijotoa range which is approxi- 
mately 3800 feet high. A good access road is  available 
that is easi ly  aegotiated by a 4-wheel vehicle. 
provides a central location covering 350 degrees of coverage 
over the Papago Indian Reservation. 

feed dish antennas m o u n t e d  on a 304% tower. They are dedi- 

cated t o  the HSSCC, LBSC, and MHU. The MHU antenna positioner 
can be ratated through 350 degrees covering a l l  village stops 

presently scheduled and is capable of extending village coverage 
if needed. 
the ccmmunication equipnent, battery charger, and batteries.  
A 2.5-KW wind generator provldes primary power and a 6-KW 
diesel generator proviOes backup power . 

The QRS 

There are three dual- 

There i s  an 8' x 8' air  conditioned shelter housing 

B . 5  PRC 
The Indian Health Hospital et Phoenix, Arizona, which i s  referred 
t o  as the Phoenix Referral Center, is  staffed with and has access 
t o  medical specialists. 
w i l l  be called upon t o  consult with the physicians at the HSSCCt 
when unique or ccmplex medical advice is i n  order. To enhance 

the consultation, the system provides the caDability for trans 
ni t t ing  X-rays or  pictures of the patient, lesions, etc., via 

slow-scan 'IT7 u s i u ~  existing telephoae lines. 
phone lines a2.m giovide capability fo r  voice camrmnication and 
b t a  transmiss:m betveen the ESSCC and the PRC. The slow-scan 
capability Erovic3es X-rap or picture transmission i n  two minutes. 
It inherently records the transm!.ssion which enahlea almost un- 
limited playback capability for  extensive, repeti t ive studying 
8;  different tines and for various durations. 

In the STARPAEC system, these special is ts  

These same te le -  
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AppecZix C 
MAJOR EQUIPMENT LIST 

The following appendix provided an accountability record during the two year 
operation and also served in a modified form as a record for the transfer of 
accountability from NASA-JSC to IHS. A location coding is provided that is 
listed on the inventory list as well as other descriptions of the equipment 

item. Replacement cost data is as mid-1974, and as shown totals approximately 
$994,000. 

The fellating Inventory List identifies, locates, and gives 1974 replacement 

cost on all STARPAHC equipment, includiqg Spares. 
the List is to assist those assigned responsibility for the hardware 

selection details of future telemedicine systems. 

The primary purpose of 

The Inventory List describes each line item under seven headings in the 

following sequence, left-to-right: 

Location Reference (See Coding List) 
Description of Item 
Manufacturer 
Model 
Serial No. 
IMSC Engineering Drawing Reference (last three digits of drawing 
used) 
cost 

Location Coding List follows. 
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LCCATIOPU' CODING LIST 

Hsscc 
HA 
EB 
HC 
H c l  
HC2 
HC3 
Hc4 
HC 5 
~ c 6  
ElD 
KE 
€IF 
HG 
€TH 
El 

HI4 
mi 
HO 
H O l  
H02 
e03 
KP 
HF1 
HP2 
m3 
Hs 
m 
LHSC 

L& 
LD 
LD1 
LD2 
LE 
LG 
LL 
IM 
LM1 
M? 
m3 
LM4 
LR 
LT 
Lx 

- 

- 

Admitting Office 
Base Sta t ion  (PAN) 
Canputer Rom: #123 
Central Pr Oces s ing U n i t  C ons o le  
Card Reader and Modem Cabinet 
Disk Drive 
Teletype 
Line P r in t e r  
Keypunch 
Disease Control Ti-ailer 
Exterior of Hospital Builcing 
Foilow-Up Clerk 
Garage Bays 13 & 20 
PLiblic Health Nurse Trailer 
UEC Manager's Office: Rom #12i 
Mental Health Tra i l e r  
Nurse 's  Work Area 
Operator's Room: #122 
Operator's Console 
C m .  Racks 
Teledisc Cart 
Physician's Room: #124 
Physician's Console 
Physician's Console Table 
ECG Display Cart 
Service Unit Director 
Tower ( f o r  d i sh  antenna) 

Mobile Data C a r t  (Exam or Reception Room) .. 
Data Management Area (Pa t io)  
Rack f o r  Data Management and Video Camm. S q u i p e n t  
Rack f o r  CcPnmunicat ion Equipment 
Exterior of Cl in ic  Bui1dir.g 
Auxiliary Parer Generator 
Laboratory: Rom #I26 
Emergency Room: #119 
Operational Console 
Video Display Terminal 
Pa t ien t  Viewing and Micmscope Canera 
Overhead Camera 
Reception Area (Business Office):  Room $103 
Tower ( f o r  dish antenna) 
Examinetion Roon: 7fl.15 
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PRC 

Fc 
- 

Vehicle 
Cab 
Examination Roan 
Generator Tra i le r  
Recept ion/Ccamn/Lab Room 
MUX Equipnent Rack 
Restroom 
Storage (Outside Access) 
Top of M€lU 
X-Ray Rom 

A l l  STWMC Items 

Grounds (Not Sholter o r  Tower) 
Shelter 
Equipment Rack Assembly 
Battery Rack Assembly 
Litehna Support Tower 
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LOCllTION 

HA/ 
HA/ 
m/ 
HC 1 
HC 1 
HC 1 
HC 1 
HC 1 
EC1 
HC 1 
HC 1 
HC 1 
HC1 ' 

. ' I C 1  
.x 1 
HC 1 
HC 1 
HC1 

HC2 
Hc2 
HC2 
Hc2 
HC2 
HC 2 
HC2 
HC 2 
HC 2 

HC 3 
HC 4 
HC 5 
HC 6 

HD 
HE 
HE 
HE 
HE 
HF 
HF 

DESCRIPTION 
OF I T E M  

PRINTEX/KB 
BASE STATION PAM 

MEMORY 
FWR SUPPLY MENORY 
PWR SUPPLY MASTER 
MEN EXPANDOR CORE 
MAINFRAME comm 
1/0 MPANDOR 
X/O EXPANDOR 
PWR SUPPLY MPANDOR 
PWR SUPPLY EXPANDOR 
DATA J BOX T'MNLS 

TAPE DRIVE MAG. 
DISK DRIVE MEFIORY 
FVR SUPPLY DISK 
MENORY MAP 

MODEM CABmT 
DATA MODEM 4800 BD 

DATA MODEM 1200 BD 

?RINTER/KB 

DATA MOD= .300 BD 

DATA MODEM 300 BD 

DATE, MODEY 300 BD 
DATA MODEM 300 BD 
DATA MODEN 300 BD 
DATA MODEM 300 BD 
CARD READER 

DISK DRIVE CONSOLE 

TELE!EPE ASR-35 
LIFE, _PRIN!EB 

KEXWNCH 

PRIWIER/KB 

XFMR-208 VC 2KVA 
w!*N AITJmnrA 

mm-115 vc i o  KVA 

x ~ r m - i i j - ~ c  15  KVA 

CRT/CTLR 
KEYBOARD 

LbEC ENG. 
DWG. REF. - MODEL SERIAL NO. - I W A C T U R E R  

C D I  1030 GFE (m> 219 
G.E. 1200 219 

SCI GF'E (NASA) 219 
VARIAN 7024 -- 212 
VAR3Xi.N 7950 64140 212 
VARIAN SYSTEM 641LO 212 
VARIAN 7960 61440 212 
VARUX 7001 V73 64140 212 
VARIAN 620/F-118 64140, 2l.2 
VARIAN 620/~-118 64140 212 
VARIAN 620/~-95-5 1512 212 

620 L-95-5 1536 212 

01 227 

VARfAN 
LMSC SD 06 
LENKURT 25135 
WPNGCG 10 2689 212 
VARIAN 620-36~ 64140 212 
DIABLO 429 1577 
V A R M  7069 
U S C  5521406 -- 406 
AT&T 208A 227 
AT82 103 -- Lease from 227 

-- M t .  Bel! 227 
227 ::I 227 

ATm 202 
A T a  10 3 

-- 227 
m&ST 103 

-- 227 
AT&T 103 
AT&T 103 
VARIAN 620-28 64140 212 

VARIAN 62G-35 64140 212 

V A R W  620-08:. 319 212 

VARIAN 620-77 64140. 212 

IBM - $20/MO 026 2 12 

- 402 I 
-- -- -- 

-- 

REPAIR CONTRACT 
u4sc cwNF;D 

C D I  1030 GFE ( D E )  213 
SOLA 33-16-3104 
SOLA 33-26-220-6 
S 'FC PROD AK-8 
s O M  33 -14 -3 15 
TEC 
TEC 

5504 
56G-S 

560-s 

COST - 



- 
'LOC ATIGN 

HG 
HG 

*HG 
HG 

'f YG 
"HB 
-HL 

HL 

- H M  
m 

S r n  
m 

- '  HN 
* ,m 
HO 
H O l  

H01 
--H01 
" BO1 
H01 

1. H01 
H 0 1  

"'H01 
. H O l  
H01 - -301 
H01 

- '  1101 
.) ..HOl 
H01 - H(31 
i H O l  

H02 
"' H 0 2  
." !H02 

H02 
* - I  802 

- H02 

a* 

u 

-- 

--HO1 

I 4 

1 HC2 

DESCRR'TIOB 
OF ITEN 

DEGAUSSER M-TAPX 
SCOPE DUAL-CH. 
W-RF 
COUN"E3 FUQ. 
CAMERA S C 3 P E  
SIGNAL GEIJ . W 'FORM 
TEST SEI MODEN 
CALlEUTOR ECG 
DIRE'. AMP. SCOPE 
SIGN. GEN. NTSC 
VECTORSCOPE NTSC 
mFsm TR3IELS. 
MULTlMETER DIGITAL 
MULTIbWEZ W/CASE 

PRINTER /KB 
MICROFICHE FEADE.3 
DESK PHON?, FTS 

PRINTER/KB 
R t J - R S s  ALARM 

DYBOAFD-WHm 
C R T / C T ~  1200 BD 

ADAPTER EL:/LOOP 

O P ~ i O R  S CONS OLZ 
CORRECTOR VIDEO 
TAPE RCDR LOOP 
b!bIJIL'O3 W 'FUN4 
I r n C O I 4  XYS. 
PWR SUPPLIES Two 2 w  
SIG. GEN. NTSC 
EXICODER T3NE 
JOYSTICK PA+/TILT 
E2TS CTRL ZOOM 
SWITCHER VDEO 
CTRL XM!TR TV C k M .  
COAX RELAY FRlGACY 
TV MONITOR COLOR #2 
TV MuNnOR BW 
CNTRL RACK MT 

.PHOX3 CPLR. ACOUSTIC 
HATlDSE!l TO CPLR. 

COElMJRICA7XOM RACK 
TV xE!T!3 8 GHZ 

TV RCW, 3 GHZ 
TERM BLOCK MU 

!RAN'SCEIVER VHF 

T M .  STRE WALL-MI 

KEYBOAR.;? -BWE 

CI?ICULATOR a GHZ 

DE.102ULATOR ECG 

MA.WFACTURER 

BELL & HOW3LL 
T"kKTR0NIX 
BIRD 
H.P. 
P O M 0 3 D  
KRGHN-H'T 
DATAPULSE 
PAFXE -DAVIS 
TEKTRONM 
!l!3K!l3ONM 
TEKTRONM 
.m' 
S -D 
TRIPmm 
C D I  

MT. EELL 
C D I  

LMSC 
HAZELTINE 
F A 7 E L T I l E  
HAZELTIWE 
INSTALLEB 

I%IsC 
TEI(TR0NlX 
AUD. AKCR 

"ALKAPH . 
mm 
TMTRONM 
B W E O  
PEET. 
PELCO 
TELRJI ' TN 
P E E 0  
AMPrnOL 
sow 

TEC 
m 
A - J  
M'T. BELL 

TIEC 
TEEtsAC OM 
RAYTR ON 
'I"AC OM 
FARINON 
a R  
G.E. 

EAS"MAII-KOI3AX 

mmorm 

cormc 

C-5 

MODEL SERIAL NO. 

7 6 0 3 ~ -  1Is B20 4 57 

- 
TD2903-4B 475265K 

43 
5 38= 32 'I 
C R - 9 j 3 3 - 1  
'j40OA.- 3038 
225 ' 225168 

5521209 - 
RlU0 ~030222 

$ 3,975, 
$ 2,825 -- 

$ 100 

i 



DEsCRIFTIChj 
OF ITEM Mlum- 

W E T  PEF G.E. 
TAPE RCDR KDEO Ivc 
TAPE RCDR IEX%J'M. H.P. 

Jm RADIO 2 GI!!?, F-AFUI?ON 
T P 5  RCVR k'wv s/M3 moil 

SI0  Scan Transceiver 6ippoa Electric 

U6C DE. 
DUG. FB. 

215 

223 
218 

- 
218 

- 

246 
246 
246 
264 
264 
261, 
26L 
2 a  
264 
264 
264 
264 
26k 
264 
264 
346 
278 
263 
263 
263 
219 
210 
210 
210 
361. 
21. ( 
242 
242 

253 
253 
253 
253 
253 
253 
254 
25rc 
254 
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ORIGLNAL PAGE IS 
OF PwR QUALITY 

SCENT, PROD, 
SCIENT. PROD. 
SCIEXL', PROD, 
SCIEIJT, PROD. 
EAS!WSiT-KODAK 
OifIO m. 
A 4  

G.E. 
BURDICK 
ESP cow. 
FAIRCHIID 
mar 

P L / m C s  

CAMERA MOUNT PANITILT P E E 0  
C N B W  MOUNT I M C  

MODEL SERIAL No. 
55KB-133 - 
5521312 - 
5521383 - 
lC0l (D)  069 

cu-15m 02~987 
w-15oau 020087 
K-IS-5 02 

io00 - 
~2036-20 - 
H2025-1 - 
B4m-3 - 
134390-1 - 
J-1500 - 
J-30542 - 
C8375-1 - 
105-?358 - 
305-7600 - 
A30 2sss 
H S O - l o 8 - 1 B  02 
4-0 01 
=-SA 72=.?8 
51-1000~ 01 
H602 31 
5544  03 

- 

CVM-123-5 100514 

304-3225-900 - 
5521208 - 
K-Is-5  93 
m 4  32co 180 & 167 
LZ32OOM 0154 
DM32l$Rx~i 9718 
1001 051 
CU-1 j0CU-R 020066 

PVMI.200 10639 
BOP U825, 
552131 - 
VISTAR/GT 4872 
25132 02 

CU-15W-R 020072 

- - 
hi-15oco 020066 
w-1500~ 020072 
TV- lE  E37 
m-n 0275 
5521337 - 

217 
j l2  
363 
217 
242 
242 
242 
242 
- - - - - - - - - - 
2k 
2k2 
242 
242 
242 
242 
242 

208 
208 
300-21~ 
300-2oS 
208-06 
209-15 
2cP -16 
206-16 
209-20 
208-1!4 

381 
2 17 
242 

312 
312-501 

337-201 
337-202 
337-204 
337 
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MANUFACTURER 

LEMNRT 
C D I  
G.E. 
TAIKAPH. 
G.E. 
G.E. 
G.E. 

AmENNA ASSY. LbSC 
CISH AN!ElUUi 2 & 8 GEZ STI 
oIY)GcOPE/QP~. SCOPE! c m o  
TONOMETER PARSON 
ClRL mm! I x c  
IIIICROP!lOIG H-F ICOM FAIRCHIY) 
IillTwcoM HANDSFREE F m -  
TVCAMEiABedJ SHIBADElO 
TV 140NITOR BiW coMw= 
SP- E-F ICOM FAIRCHILD 
I.xrERcQpI LHSC '%AucApH. 
ZOOM LENS €urn CTRL PELCO 
CAMERA ~ . m  FAIT/TILT m o  
JOYSTICX PAN/TILT m 0  
;Em c'-=.zm PEICO 
EEAEFp H-F 1COf.I PL'TRETCS 
-ET H-F ICOM G.E. 
CAMERA DOLLY urn 
MICIi@FIcS W E R  EAS'IMAN-KODAK 
EATA MODS¶ 3 ~ 0  BI? LE;MuRT 
TRAPjSCErVER VHF G.E. 
C!EGHEADVE€F G.E. 
SPEAKER WF G.E. 
MICROPHOIE VEF G.E. 
ALARM SYS BGL/FIRE ori-GuARD 
RPERCOM lS€€U FARINON 
AM-FM RADIO W/TAPE 'JHITNEX 
SPEAKERS-2 AM-FM WHITNEX 

MiICIE - m MEDICOACH 

mcm CABDrn sc.- 
O T o G C O p E / O ~ .  SCOPE GElJTEC 

~IEUROLOGICAL msm. 1rnLLER 
RE;US/IELAL/ASP. OHIO 
MICROFICIIE: READEB FAS~*iA.ii-KODAK 
m1 TABLE GR'ITEC 
cAbm MOUNT U*BC 
CTRL PmJ U S C  
INTERCa4 HAIIDSFREE FAIRCHILD 
Tv l 1 O l r n R  COLOR s o m  

TOllCXLETER PARsom 

001 001 

3ow 
40415 
350 - 
DE-10710 - 
305-7600-?01 
105-8858 - 
6010 - 
5521335 - 
5521344 - 
1001 162 
~ ~ ~ 9 1 0 0  oio6go 

- - 

I I S C  ENG. 
DWG. REF. 
242 
217 
242 
242 
242 
242 
242 

250 
217 

371 
242 
217 
296-03 
217 
217 
2k2 
2%-C4 
28-05 
296-18 
296-17 
2k 2 
242 
296 - 

1,c L' $ 3rc  
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CATION - DE5CRIF"ION 
OFm 

CAMERA CPiL COLOR #l 

c m  CmL COLOR #2 
CAMWA mum PAR/TILT 
ZoQMLErsPMCc!l!RL 
JOYSTICK PAN/!PIL!L' 
LEEcIRLzo(3M 
KEYB'3ARD BWE 

DCG SysilEM W/RCDR 
DCG SCOPE W/CPLR 
STE!CHGCOF?E E'TROMIC 
IaCRomm El? I"C0M 
HEADGEr m y  
HAMlsm PVCY 
S P m  H-F I'COM 
PHONE-ESSCC H T L I N E  

RECHARGER PMI 
SFZAKEl P.A. 
rrmRc0M MBU 
RM;ULATOR AC 
m - 1 1 5  VAC ISOL 
COLOR TV MON. Mp. 
FIBEROPTICS M Y .  
MAIlJ GENERATQR ENGIME 

CAMERA HEAD COLOR #1 
CAMEU HJUD COLOR #k! 

cm/c!m BulE 

PAM w/o RF 

CENTRIFUGE 
STOP WAllCH 
PlpET SHAKER 
BACTI-cINEXA!CcW 
SPM=TROPHOKXE!ER 
DlFFEREmTIAL CWN!ER 
mc6copE ASSY 
CTRL PTJL COMA< SYS 
INTERCOM HAMXSFREE 
Tv MONITOR COLOR 
CAMERA COrnOL corn 
HlmDSGT-vHF MovABm 
PHONE-IISSCC HOTLINE 
DET. 4-M". VIDE0/2 
SIG. GEN. TPISC 

-NONI!?OR W 'FORM 
Tv RCVR 8 GHZ 
TV XhfL'R 8 GHZ 
CIRCULATOR 8 CIIZ 
STATUS MON. 

CAMERA HEAD COLOR #3 

m A c ' N R E R  

SHIBADEN 
SBIBADEN 

SHlBADEN 
P m o  
P E U O  
PELCO 
PEE0 
TEC. 
!tm 
Sl33MElS 
J. WAIKE€t 
HSP CORP. 
A.R.S. 

G.E. 
BOGm 
EM! 
SCI 
SCI 
BOGEX 
FARINON 
scmmm 
TRIAD 
U G C  
WILDE-HEERBURG 

O W  

smmm 

?l/TRNCS 

mKMAN 
SC-IF. PROD. 
SCIENIIIF. PROD. 
SCIERl!E'. PROD. 
C0LExA.n 

U S C  
W C  
FAIRCHILD 
UNIMEDIA 

3 SHIBADR? 
SHIBADEm 
G.E. 
IT&T 
DYI?AlR 
TMTRONM 
TEXTRONIX 
!IERRACOEl 
TERRACOM 
RAYTRON 
X C  

C V - ~ ~ O O U - R  020093 

C V - ~ ~ O ~ V - R  020095 

Tv-lOc 0569 

~ 3 2 0 0 ~  0152 

455 209 
122-600 1611 
mgB 3426 
51-1000~ 02 
33-983 
E O - 1 0 8 - 1 B  01 
4EM26A10 03 

HV-l5OaU-M 020093 

I HV-1500U-M 020095 

m-77 0280 

pT&M 3200 179 & 168 

MA8002 147 

DIRECMR.7 
ACR lcoo 
N-54M 
5521336 - 
551312 - 
3 0 ~ - 3  - 
ma 
0656c 
B4UO-2 - 
39752 - 
s2036-20 - 
B4L2O-3 - 
5521312 - 
5521344 - 
1001 193 
sm-9 
cu-~~OO-U-R 020084 
H V - ~ ~ O O U - M  om084 
4EMlJAl - 
554-N 05 
FTI-lOCCA+ 094499E4 

- - 

R 149A BO70739 
528/ 146B 
'ICM-SC4F 313 
TCM-604F 297 
300093 31 
5521367 - 



DESCRIPTION 
IN OF ITEM - - 

DATA ~ D E M  300 BD 
MICROPHONE H-F ICOM 
PWR SUPPLY +l2v 
PRINIPER/KB 
SPEAKER H-F ICOM 
MICROPHONE P.A. 
SPEAKER P.A. 
AMPLIFIER P.A. 
mrERCQM MHU 
Pa SUPPLY -24V 
CllRL RCVR TV CAM. 
BATC. CHCR. -24V 

rn RADIO 2 GE 
!L'ERrI BUICK MIX 
SpEAI(ER P.A. 

BMT. CH'GR +12v 
EANDSET VtfF 
EOOKSWI!ltH HAMDSEC 
SIC STR MFR 
SIG STR Kl27 
-ET WP 

. rn Ab- OPiElI 

hfANUFAC3URER 

LENKURT 
A.R.S. 
LAMBDA 
TExAsm 
BOGEN 

BOGEN 
&Meuvox 
FARINON 
LAMBDA 
P m o  
G m  
FARINON 
FARINON 

G.E. 
FARINOH 
TERRACOM 
G.E. 

* G.E. 
DISH AIEENNA 2 & 8 G E  STI 
X-RAY UNrm PICKER 
EXAM TABLE G E x m  
r n L  PNL COMM sys Lbsc 
INTERCOM HANDS= FAIRCEIIJ) 
Tv MOmaylR BBdJ COmRAC 
JOYSTICK PAN/TILT PEE0 
LE2E C!i!RL ZOOM P E U O  
TVCAMERABW SEfIBADEN 

ZOOM LENG RMll CTRL P E E 0  

SPEAKEFi H-F ICOM BOGEN 
SPEAKER P.A. BOGEN 
IImcoM IHU wmiori 
X-RAY UiWJ! C A P .  DE. PI- 
CAMERA McuN!r IS4x 
SI0 Scan Transceivcy Nippbn -Electric 

.Recorder, Disc Vast 

CAMERA ma! PAX/TILT P m o  

MICROPHONE H-F ICOM A.R.S. 

TV MONITOR BW ?IEG CONfiAC 

VHF NEENNA Ob. DB PROD. 

GENZRATOR PRINE ONMV 

PRIlTER/KB C3I 

GEIERATOR BACKUP o r w  

MODEL - SERIAL NO. 
25132 05 
33-983 
LM-CC-l2R C38235 
725 11233 

s -302 
DIREXXQR 7 
IN-EE-28R B17097 
DM3216FU-M 0179 
csRC242000 
TR-2COOR 37691 
1215 0 03 

28K7198c - 
549043661. - 
SlMPsON - 
SIMPSON - 
4EML1111 
kml2Al3 - 
SAk1779DBH 65739 
DGOlOlO 
6010 
5521344 
1001 

9/c mw 3200 
I Z 3 2 3 o M  
Hv-16su/c 
PT-77 
TV-1oC 
33-933 

M C  ENG. 
DWG. REF. 

30943 
3474 1 
347431 
287 
34741 
34743 
347433 
347453 
34741 
34741 
347451 
34741 
309-= 
34741 
286 
34741 
347432 
34742 
34741 - 
34741 
34742 
258 
253 
- - 
344-501 
284 

204 
284 
28 4 
284 
28 4 
34741 
34731 
34743 
3 4 7 4 1  
214 
304 

284 

- - 
241 
241 
222 
247 - 



LOCATION 

Qs 
b 

ar 
QT 

DESCRIFTION 
OFrrEM W A C =  

STI 

L K C  
RRAKO 
TRANSCO 
!lzRRAcoM 
RAYTRON 
TERRACOP( 
TmmACoM 
RAY!lRON 
TRmAcQM 
m 
Gom 
G.E. 
DB PROD. 
FARIHON 
FARINON 
FARJXi? 
STI 
STI 
STI 
STI: 
STI 
MIcRmIM 

MODEL SERIAC NO. 

EEEm 68719 
5521315 - &m 114 
33D03400 0x2 

300093 26 

3 0 9 3  28 

d~24S25~3c i w 4 i  

~ 5 6 ~ ~ ~ 6 6 1 4  4191567 

- 

'JXM-6O4F 298 

TCM-60hF 320 
'IIcM-604F 299 

XM-6OkF 318 

~ ~ ~ 1 2 ~ 1 6 ~ 3 0  10B240 

DB-4055 56958 
aC-2000R 3T687 
TR-2OCOR 37W 
TR-2OOOR 37669 
GCU-025 68758 
AP 6-350 a755 
~ ~ 6 1 - 7 7 9 ~ ~ ~ 1  68709 
~ ~ 6 1 7 7 9 ~ ~ ~  687kO 
SA6lngDBH 68741 
4-30 

315 
222 
222 
222 
260 
222 
222 
260 
222 
222 
222 
222 
222 
222 
222 
222 

222 
222 
222 
222 
222 



SPARES INVENTORY LIST* 

- ;i al Description af Item 
AFC RCVR (1) 
E RCVR (1) 
AFc XBfCR (1) 
E-YmH nm (1) 
IAmD C A r m A  (1) 

CAMERA, B W  (1) 

ADDfzJG MACEXIE (1) 
TYPEwRm (1) 

corn c m  w:'comom 
COLOR vmcori 

B-BANE b AUD RCVR (I) 

DRY AIR PUMP (1) 

AI'ID COLOR BAR (XIERATOR 

COLOR B&W CARD 
c- m. BDS. 

VICTOR 73-85-54 - 
-ON TMWFY-FIVE - 

; LIST 3OES NOT IlJcLUDX MISCEMSEOUS SMECLL PAiiTS (CONNECTORS, RESISTORS, FIY: . ) . 
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Appendix D 

Another approach t o  analyzing system problems w a s  adopted a t  the s t a r t  of 

operations. 
function, record the t h e  it took t o  correct  the fa i lure ,  and t o  categorize 

the type of failure, e.g. hard fa i lure ,  degradation, deficiencies,  o r  modifi- 

catlous. This approach differed from our evaluation of e q u i p e n t  performance 

wherein we l i s t e d  24 TCE and recorded t h e i r  performaate from a standpoint of 

Quality, Usage, and User. 

This approach was t o  f i l e  a trouble report  of any e q u i p n t  mal- 

Recording fa i lures  In groups of equipment was useful during the operations as 

trends in f a i lu re  in certain equipment categories could be pinpointed. 

was obvious in the  colnputer area where the cause of the f a i l u r e  w a s  associated 
with wide var ia t ion i n  the u t i l i t y  power. 

incidents of f a i lu re  in the  

tenance setpicing periods. 

This 

Not so noticeable was the increasing 

nerators as they s ta r ted  approaching their main- 

Figure 2-9 illustrates the  trouble report  analysis fo r  the two year period. A 
detailed analysis of the f i r s t  year trouble reports resul ted i n  identifying 

the major categories of equipment requiring the majority of repair/replace!nent. 

Figure D-1  i l l u s t r a t e s  t h i s  distribution. 

terminals a re  the s ingle  hlgh source of trouble'reports. 

As shown i n  the  figure,  computer 

A detailed review of the second year of operation Trouble Reports, on a monthly 

analysis basis,  was completed and f o r m  the  ramainder of t h i s  appendix. 

May 1976 Trouble ReDorts. 

Degradation (14), and the Modification (1). 
among the f a c i l i t i e s  a s  follows: 

(1). 

Nature of 25 May TR's were: Fai lures  (lo), 
The t en  f a i lu re s  were divided 

MiU ( 3 ) ,  LHSC (4), HSSCC (2) ,  and the QRS 
The Mw fa i lures  required repair  work, while the majority of the 
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LBSC f a i lu re s  required replacement of p a r t s .  

was a t t r i bu ted  t o  operator e r ror .  

was 515.  

One of t he  HSSCC f a i l u r e s  

The d iv is ion  between repair/replacement 

The principal equipment types experiencing f a i l u r e  were: 

for  cameras (3) ,  RF voice l ink ,  generator, and terminal ( 2  ea.). One 

f a i l u r e  i s  a t t r i bu ted  t o  operator e r ror .  

control receiver 

Three of the  May equipment f a i l u r e s  out of t en  resu l ted  i n  operational 

down-time. 

18 hours of down-time. 

had t o  wait u n t i l  the  MEU returned t o  S e l l s  on Friday. 

Generator f a i l ed  one evening i n  the  f i e l d  and remained inoperative over- 

night.  The generator w a s  repaired the  following morning. A t o t a l  down-time 

was recorded of 12 hours. The t h i r d  f a i l u r e  was a RSSCC GE terminal which 

resu l ted  i n  1% hours of down-time. 

The MBli Camera Control had a p a r t i a l  f a i l u r e  r e su l t i ng  i n  

The un i t  could not be repaired i n  the f i e l d  and 

The MEIU Auxiliary 

It was repaired during operational hours. 

The 14 degradations were divided among the  f a c i l i t i e s  as follows: 

LHSC (l), HSSCC ( 6 ) ,  and the  QRS (3). The MHU degradations were corrected 

by repair/replacement of pa r t s ,  the  LHSC degradations required replacement 

of par t s ,  t he  majority of the  HSSCC degradations required repa i r ,  while the  

QRS degradations required both repair/replacement . 
replacement was 71'7.  

MEN (4), 

The d iv is ion  between r epa i r /  

The principal equipment types experiencing degradation were: generator ( 3 ) ,  
terminal (3) ,  video (2) ,  voice (1) vehicle engine (2) QRS (1) and the 

wind driven generator tower (2). 

In sumnary, during May, a t o t a l  of 25 Trouble Reports were opened: 22 were 

closed. The 25 TRs were d is t r ibu ted  among t he  elements as follows: YKU (7), 
LHSC ( 5 ) ,  HSSCC (9), and QRS (4) . 

D-3 



The pr inc ipa l  equipment types having t roubles  were: 

(6), generators ( S ) ,  camera/control ( 5 ) ,  voice ( 3 ) ,  QRS wind driven genO 

e ra to r  tower (2), and MN vehicle ,  video, misc., (1) each. There was one 

t rouble  repor t  a t t r i bu ted  to  operator e r ror .  

computer terminals 

Total  computer system down-time recorded during May was 31# hours. 

ison o f  May da ta  against  p r io r  year of operation shows tha t  May's TR's 
a r e  s ign i f i can t ly  below the  year ly  average (25 compared t o  36.9 TR's). 

A comparison of the  one year operation regarding equipment types shows 

tha t  the  c q u t e r / t e m i n a l s  remain as a high source of t rouble  repor t s .  

This i s  associated with four computer and two terminal problems. Next 

highest  t rouble  repor t s  i n  May concerned generators which a re  a l s o  t h e  

second highest  average yearly source of  troubles.  

30 KW MHU generator (2 weeks apar t  and not associated) , two T R ' s  were 

fo r  the  MHU 6.5  KW aux generator (3 weeks apart  and associated) ,  and 1 TR 
on the  QRS d i e s e l  6.5  KW generator. 

o r  f a i l  t o  s t a r t  which were repaired by tune-ups. 

were associated with mechanical problems. 

Compar- 

Two TR's were fo r  the  

Three of  the  TR's reported had s t a r t  

The other  two TR's 

June 1976 T r c L b l e  Reports. Nature of the  27 June TR's were: Fa i lures  

(15) , Degradation ( l o ) ,  Deficiency (1) , and Modification (1) . 

The 15 Failures  were divided among the  f a c i l i t i e s  as follows: 

HSSCC (5) , and QRS (4). The majori ty  of the  MH!J and the  LHSC f a i l u r e s  

required repa i r ,  while the  majori ty  of t h e  HSSCC required replacement. 

The QRS f a i l u r e s  were fixed equally between repairlreplacement. 

divis ion between repairlreplacement was 916. 

MHU (6), 

The 
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The principal equipment types experiencing failures were: 

computer terminals (51, generators (41, camera/control (2) 

and HBU equipment and wind-driven generator (1 each). Two 
failures were attributed to operator error. 

Two of the June equipment failures out of fifteen required in  operational 
down-time. 
fuse caused by low input power. 

The HSSCC computer was down for three hours due to a blown 
The MBU main generator was down for tw, hours. 

The ten degradations were divided among the elenents aa follows: 

MEN (3),  LIcjC (2)) HSSCC (4), a d  QRS (1). The and II&sC 

degradations were fixed by repair. 
required bath repeir/replaceme& while the QRS required only 
replacement. The division between repeP/replacement LS 6/4. 

The E5SCC degracbtions 

The principal e q u p e n t  types experiencing degradation w e r e :  
canputer/terminals (4), cmera/cmtrol (3 ea.), a the MHU 
vehicle (2) and voice (1). 

In sumary,  during June, a to ta l  of 27 trouble reports were 

opened and 25 w e r e  closed. The 27 TR's were distributed mcng the 

facilities  EL^ follaws: MKJ (lo), UiSC (31, HSSCC (91, and 
QRS (5). The p r i n c i w  equipnent types having troubles were :  
ccmputer/terminals (9) , cemera/corrtrols ( 5), generators (4), 
MHU vehicle (3),  and MHU equipnent, voice, miscellaneous, and 

wind-driven generatcn. (1 each) . There were 2 TR's attributed 

t o  operator emm. Total down-time recorded during June was 5 hours. 

Ccmparison of June data against prim year af operation show8 
t h a t  the June ! E ' s  m e  below t h e  y e e l y  average (27 against 
36.9). 
ment types shows that the ccmputer/tennizds remain as a high 
source of trouble reports. This is associated with 3 c q u t e r  
and 6 tarmiaal problems. 
attributed t o  a power brownout condition. 
been installed and was undergoing a start-irp problem. The six 
terminal problems were associated with fuse blaring during 
brownout and cable dsmage t h a t  occurred during sane modirica- 
tion work that took place in t he  hospital. 

A cclmpwisan of the one year operation regarding equip- 

The three canputer problems were 

The UPS had recently 
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July Trouble Reyarts . 
(91, Degradation (ll), a d  Deficiencies (2) .  The 9 Failures 
were divided among the elements as follows: MH[J (5),  HSSCC 

(11, and Qas (3) .  The majority of the I@ and Cyis failures 
required replacemat, while the BSSCC failures required repair. 
The division between repair/replacement was 2/7. 

Rature of the 22 Suly TR 's vere : Failure 

The p r i n c i y l  equipment types eqerienclng failures were: 

MELU equipment (3),  QRS (2), canputer / texmw, generator, 
camera/control, and wind-driven generator (1 each) . 
Only one of the July equipment failures out of nine resulted in operational 

down-time. The HSSCC IBM modem was down for four hours and required Varian 
service maintenance. 

The ll degradations Fete divided among the elements as follows: 
MEU (6), HSSCC (2) and QRS (3) .  
and QRS degradations required repair. 
repair/rephcement was 7/4. The principal eqtlipnent types 

Themajority 02 the MHU, HSSCC, 

The division between 

expriencing degradations were: voice (3) , generator ( 5) 
cunrputer/termizds, video, end MEU vehicle (1 each). 

In s ~ p ~ p l a r y ,  during July, a total of 22 TRs were opened and 16 
were closed. The 22 2% were distributed anong the  fac i l i t i e s  

as f o l l m :  MKU (u), HSSCC ( 3 ) ,  andm (7).  

The principal equipment types having trouble were: generator 

(6), MHU equipent and voice ( 3  each), cmputer/terminals, 
cemera/control, QRS, and wind-driven generator (2  each), 
and MHU vehicle and video (1 each). Total down-time recorded during 
July was 4 hours. 
Canparison of July data against p r im  year of operation shows 
that Julj E l ' s  were sllghtly above the yearly average ( 2 2  cm- 
pared t o  21.9). A canprison of the one-year cperatim r e g d i n g  

equipnent types shars a sigzificant reduction in the  cunputer/ 
terminal problems (3) attributed t o  the reliable operatim of 
the UPS. 
be considered. 

No othr equipzent type problem is lerge enough t o  
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Aunust 1976 Trouble Repafts. Nature of the 18 Augusr 'Et's were: 

Failures (g), Degradations (6), Deficiencies (l), aad M o d i O i  A c'i 

tiom (2). 
follows: 
majority of the MHIi failures required repair, the HSSCC failures 
required repeir, and the LEX and QRS failures r eq i r -d  replace- 
ment. The division between repair/replacement was 3/6. 

The 9 failures were divide5 among the f a c i l i d e s  as 

MHU (5),  LEX (l), HSSCC (2) ,  and QRS (1). The 

The principal equipent types eqeriencilg failures were: 
ccmputer/termin.a & MIN equipnent (3  each), MBCT vehicle, 
Voice, snd QBS (1 each) . 
Two oi the August equipment tailures out of nine resulted i n  operational 
down-time. 

had a f lat  t i re  delaying operations by two hours. 

The HSSCC IEM modem was down for eight hours while the IlHU 

The 6 degr-tions covered in the MHU vehicle were correcfed by 
repair. The principal equipment tmes experieming degradation 
were: MHU vehicle (3),  and the gemrator (3). 

In s m m x y ,  during August, a t o t a l  af 18 TR's were qened and 
a l l  were closed. The l.8 TR's were distributed among the. fac i l -  

i t i e s  as follows: MN (13), U E C  (2), HSSCC ( 2 ) ,  and &Rs (1). 
The principal e@prnent typer naving trcnibles were: MEN vehicle 
(8), catrputer/terninals snd MliU equiperrt (3  each), generazor, 
voice, camera/control and &Rs ( 'L each) . Total down-tbe recorded during 
August was 8 hours. 

Canparison of AuguEt  data against pr ior  year of aperation shows 
that the August TR's were well below the yearly average 

(l.8 canpa?- 
(Dec. 1975 and March 1976, w i t h  14 failures). 

t o  36 .9 )  and very close t o  %he lowest failure months 

The ccmputer/tennW problems continued t o  show a s ' a i f ican t  
decrease. The MHU vehicle had the majarity of the problems (9).  
A 

caused an out-of-service period. %is out-of-sel-iice p e r i d  
allowed extemive maintenance t o  be performed on che -rehide, 
of which three tasks were written ~2 as trouble reports. T:: 

other two Truuble Reports were for flat t i res .  

problm was associated with an air brake failure which 
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Three of the ;epL&i- equipment failures out of thirteen resulted in 

operational down-time. 

however, during this period t t  "andby generator vas operated. The 

LESC terminal wrs doM for &see nours and the ESSCC Slo-Scan was down 

for one hour. 

The QRS jenerator was dawn for thirteen hours, 

Io sumw.y, a- S&abber, a t o t a l  of 28 I R ' s  'rere cpened 
and 18 were close&. 
i t i e s  es foucws: MU (u), LBSC (6), ESCC (TI, and 

QRS ih? .  
Voice (13), geaeratar [ 5 ) ,  temizals (31, a 14EIU eqdpent 
( 6 ; .  Total do%ivt-time rzcorded in September was 17 hours. 

The 28 !Ei's were distributed mong the facfl- 

principii eGuipnent t'yps having troubles were: 

Cazpmfson of 3 e S s b e r  deta e ~ i n r t  pr io l  :rear 2: q e z  Aion 
shcm thet t2e September 
of 3 6 . 9 .  

units accounted for the sajoritp of the IIR's. 

: - i r e  Ebnve -.ze y e z r k *  -rrerwe 

The enr l t ip le  failutes'de~raia'iun in the HUX radio and VEIF 

D- 
LOCKHEED MISSILES & 5PAC.E POMPANY. INC. 



October 1976 Trouble Reports. 

Failures (g), Degredatiapl !7), a& Hodiiication (1). The 17 
failures were d i v i ~  an- the e a t s  as iallavS: w (4), 
eed Bsscc ( 5 ) .  T b  MBa reqlxix?d 3 rephcenents and 1 repair, 
aad Esscc reqaired 2 replacements and 3 Fcpairs. The divisia 
b~tueen repair/repla~emrt was 4/5. me princiN equipat 

tspes experienciw failures were: (=caTwer/- (51, 
couIpae&t (2), gwlen?Ltar and c€iuiera/control (1 each). 

Nature of the 17 October Za's vere: 

Tu0 of the October equipment failures out of nine resulted in operational 

down-time. 

and the WHa CIlmera Control U n i t  was down for ope hour. 
The HSSCC century Disc Drive vas dowa for fourteen hours 

In s m ,  dtrring act-, 8 totel af 17 m*s =re q=ed and 
8 were closed. 
as f a - :  MKU (a), LESC (11, api ELSSCC (8 ) .  The princiPel 
-pent types ha~lng trarib~es were:  c c p p r r t e r / t w  (91, 
MHu eqp~pexxt (6!, -tar and cemera/control (1 each). 
Total down-time recorded in October was 15 hours. 

'phe 17 m's were distributed en- the facilities 

.. - 
Capar lsca of the October data again& prior year of operati= 
shows thgt the October TRs were below the yearly averaqe s i  

36.9. The multiple fellwe caused by t b e  cczputer head crash 
accounts fm the  3ajorit-f of the TR's. 
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November 1976 Trorible Rewrts. 
Failures (ll), Degradation (S), Modifications (l), Deficiency (1) and 

other (2). 

follovs: HIU (l), HSSCC (4) and Qlrrs (6). The MEUJ fa i lures  required 

replacement (3) while the majority of the ElsSCC fa i lures  required 

repair. The QRS failures resulted in four repair  operations, three 

rep lacacnt  activities 8nd :ne d i f i c a t k u ,  vhich was the  instal- 
la t ion of a diesel  engine o i l  levelmaintaiaer. 

Nature of the 20 November TB's were: 

The ten fai lures  were divided (IPIDU~ the  f a c i l i t i e s  as 

The principal equipment type experiencing fa i lure  were: QRS ( 6 ) ,  Batteries 

(3) computer (4) and generators (5). 

The total corrective t i m e  for  t h i s  amnth w a s  131.6 hours with the highest 

expended on the antenna positioner fa i lure  at  QRS (32), t t 2  radiator 

repair  in the MiS necessitated due t o  a lack (30) and the troubleshoot 

and subsequent replacement of the modem in the  slow-scan element (30). 
The o i l  level maintains ins ta l la t ion  and NBU door lock repair  required 

6 hours each t o  correct and checkovt with the remaining problems being 

3 hours or less each. 

The five degradations were divided among the f a c i l i t i e s  as follows: 

HSSCC (1) and (1). The nW degradations were  corrected by repair o r  

replacenrent of par t s  and the HSSCC were corrected b-- hardware repair  ~r 
software correction. 

the UDG battery terminals. 

MER (3),  

The QRS degradation was caused by the corrosion of 

The principal equipment tnes experiencing degraaation w a s  the MRU vehicle 

equ5-t (3).  

CanpaLison of November 1976 data against the f i r s t  year of operation shows 

that November 1976 TR's are  s l igh t ly  below the same month of 1975 (20 vs 27) 

and significantly below Che f i r s t  years averags (23 compared to  average of 

36.9 TR's) . The compute TI'S) and generator remained t h e  prim2 source: 

of trouble (five TR's) with the relay s ta t ion rating highest t h i s  month w i t h  

8 TR's. 
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The three TB's requiring approximstely 30 operational hours each t o  implerpent 

were: 
MIU radiator began leaking and vas removed f rom the vehicle for  repair  and 

(3) the slo-scan vas intermittently transmitting bad images which turned 

out t o  be a faulty modem. 

(1) the ant- positioner drive motor fa i lure  at the QRS, (2) the  

December 1976 Trouble Reports. Nature of the  21 TR's =re: Failures (9), 

Degradation ( 8 ) ,  Deficiencies (2) and other (2). 

The 10 fa i lures  were  divided ~pylpg the f a c i l i t i e s  as follows: 

HSSCC (2) and QRS (3). 
MEU (4), 

The HBU and degradations were XEU (4), BSSCC (2) and 

Qas (2). 

The IYBU vas equally s p l i t  between repairs  and replacements 5 / 5  with the 

ESSCC a t  4 repairs, 2 replacements and the QRS with 3 repairs and two 

replacements. 

The m O s t  s ignificant fa i lure  experienced t h i s  month w a s  tha t  of the blades, 

hub and ta i l  assembly of the wind driven generator which w a s  later deactivated 

and removed from the QRS. 

board fa i lure  ia the  computer main frame (20 hrs). The camputer again lead the 

other equipment types with fai lures  ( 5 )  with the generators and (4). 
computer problems w e r e  computer software, a l ine  pr inter  tape breakage, 

mechanical fa i lure  in the TTY, and Diablo disc  replacement a l l  of which required 

l i t t l e  operational interruption. 

The most operational down time was due t o  a menory 

Other 

A t o t a l  of 49.9 operational hours w-s spent performing corrective maintenance 

with most of the TR's consuming less than two hours. 

The 21  trouble reports were distributed among tne f a c i l i t i e s  as follows. 

MEU (lO),HSSCC (6), and QRS ( 5 )  and 13 repairs and 9 replacements for a l l  

f ac i l i t i e s .  
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Comparison of December 1976 data against the f i r s t  year of operation shows 

tha t  December 1976 TR's are s ignif icant ly  below the  same month of 1975 

(21 vs 31) and considerably below the  f i r s t  year average (21 compared t o  

au average of 36.9 TR's). 

Januarrr 1977 Trouble Reports. 

Failure (9), degradation (3) and other (4). The nine fai lures  vere divided 

awng the f a c i l i t i e s  as follcws, HHU (4), ESSCC (3) and QRS (2). The 
degradation vere dis t r ibuted as: Htill (1) L€ISC (1) and QRS (1). A t o t a l  of 

10 repairs  were made and 5 replacements. 

Nature of the 16 January 1977 TR's were: 

Total corrective t i m e  for the month of January 1977 was 105.8 hours v i t h  

the UPS consuming by f a r  the most with 64 hours. Thz remaining TR's were 
eight hours (2) or  less. 

The computer experienced two fa i lures  t h i s  month, 19.01: including the  UPS 
and both were l i ne  pr inter  malfunctions corrected by s i te  personnel. 

The UPS sustained damage caused by a shorted s i l icon  controlled 

Rectiffer (Sa) 
being burned due t o  hf-voltage applied a f t e r  the ,CR shorted betveen 

Anode, Cathode end date. 

and resul t ing i n  6 printed c i r cu i t  board t rac .  - 

Only two generator problems occurred t h i s  month with the remaining TR's 
spread across all elements. 

In smmary, during January 1977, a t o t a l  of 16 TR's were dis t r ibuted 

amon- the f a c i l i t i e s  as  follows, MW (6), LHSC (2), HSSCC (4) 2nd QRS (4). 

Camparison of January 1977 data against the f i r s t  year of operation shows 

that  January 1977 TR's are w e l l  below the sane month of 1976 (16 vs 40) and 

the f i r s t  year 's  average (16 compared t o  average of 36.9). 



Febrwrv 1977 Trouble Reports. Nature of the  18 February Tll's were: 

degradation (8) modif ica t im (2) def ic ienc ies  (2) and other ( 5 ) .  

f a i l u r e  occurring t h i s  month was a t  the  HSSCC which w a s  the  l i n e  p r in t e r .  

The d i s t r ibu t ion  of degradations were: NHU (a), ESSCC (l), and QRS (1). 

f a i l u r e  (11, 
The only 

The d i s t r ibu t ion  of 'Et's by f a c i l i t i e s  was  MEtzl (13), HSSCC (2) and qaS (3). 

The t o t a l  corrective t i m e  f o r  t h e  month w a s  38.7 with problems with the  

hands f r ee  u n i t s  and NHU fue l  gage consuming the  most (both 8 hours). The 

remaining TR's required three  hours o r  less. 

A t o t a l  of eleven r epa i r s  were accomplished with f i v e  replacements and 

tuo minor modifications, The mods w e r e  both relative t o  the  HHU. 

Camparison of February 1977 data against  t h e  f i r s t  year of operation shows 

t h a t  February 1977 TR's are w e l l  below the  same month of 1976 (18 vs 39) and 

below the  f i r s t  year average (18 compared t o  average of 36.9 TR's). 

March 1977 Trouble Reports. Nature of the 10 March 1977 TR's were: f a i l u r e s  

(S), degradation (1) , modification (1) and other (3). The f a i lu re s  were 

divided among the  f a c i l i t i e s  as N€iU (2), LEISC (2) and QRS (1). 

Three repairs w e r e  accomplished with f i v e  replacements and 1 modification. 

One TR w a s  a t t r i bu ted  t o  human er ror .  

The t o t a l  corrective time expended was 41.0 hours w i t h  14 hours spent on two 

TR's r e l a t ed  t o  the  MtlU prime generator, 12 hours for  i n s t a l l i n g  additional 

MHU grounding rods and connections t o  ex is t ing  water p i p e s  and 6 hours consumed 

replacing the motor/gear assembly i n  t h e  QRS/MHU antenna posit ions.  
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In suumary t he  d i s t r i b u t i o n  of t h e  TR's by f a c i l i t i e s  was: MN (71, m c  (2) 

and QRS (1). 

A p r i l  1977 Trouble Reports. 

(lo), degradation (8 )  and o the r  (2). The d i s t r i b u t i o n  of  t he  f a i l u r e s  were: 

MIU (3) ,  HSSCC (4) and QRS (3). Degradations were HIIU (6), LHSC (1) and 

Nature of  t h e  20 Apr i l  1977 TR's were: f a i l u r e s  

Hsscc (1). 

F i f t een  r e p a i r s  were accomplished and f i v e  replacements. 

A t o t a l  of 64 cor rec t ive  hours were spent t h i s  month with 12 hours expended 

i n s t a l l i n g  t h e  backup deisel generator .  A t o t a l  o f  70 opera t iona l  downtime 

hours occurred on t h e  computer subsystem caused by two f a i l u r e s .  

t he  d iab lo  d i s c  (48 hours) and t h e  o the r  on one of t he  memory boards (22 hours) .  

One i n  

A t h i r d  f a i l u r e  @TY) occurred which w a s  concurrent wi th  the  d i s c  f a i l u r e  and 

d id  not  r e s u l t  in add i t iona l  subsystem downtime (32 hours).  The remaining 

times were fcu r  hours or less. 

Comparison of  Apr i l  1977 data aga ins t  t h e  first year  of operat ion shows t h a t  

Apr i l  1977 TR's are moderately below t h e  same month of 1976 (20 vs 31) and 

s i g n i f i c a n t l y  below the  f i r s t  year  average (20 compared t o  average of 36.9). 

Suurnary. 

genera l ly  decreased from t5e commencement of operat ion t o  t h e  end of the  T'JO 

years.  The Trouble Reports peaked during t h e  f i f t h  month of operat ion (SO), 

then genera l ly  decl ined over t he  next nineteen months. The average numbers of 

TR's during t h e  f i r s t  year was 36.9 per  month and 20.5  during t h e  second year 

with d two year average of 28.6 p e r  month. 

The number of Trouble Reports and Mean Corrective Time (MCr) 

Most of the  co r rec t ive  times decreased as operat ions and maintenance cont intzd,  

as ?e:-sor.nrl gained experience with the  p a r t i c u l a r  equipment and maintenance 

-- < ...' ? -  - r .  c t sd  by m i n x  modif icat ions and/or change i n  maintenance 

i 3f 31 modif icat ions were made t o  the  system during the  ? 
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two years. 

reduce subsystem maintenance and/or cor rec t ive  time. 

Host of these modifications were accomplished i n  order t 3  

increase in  down times and cor rec t ive  time r e l a t i v e  t o  the  computer 

during the  last month was  due to  the  lowered p r i o r i t y  of computer maintenance. 

This change i n  p r i o r i t y  was due to: (1) a l l  HIS data  w a s  routed v i a  the 

Time Division Multiplexer (TDM), (2) t he  scheduler data was being maintained 

manually pe r  an IHS decision and (3) most of t he  equipment data  base data 

was already i n  the  computer and l i t t l e  computer time was required t o  input 

the  remainder. 

D- 15 


