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of comruter arrlications in medical care has Deen
develored within many US and Eurorean hosritals. In the
first half of 1973y there was not et in existence a
sindle comrletelw comruterized hosrital informatio
systemy althoudh much erodress had been achieved in
utilizing the comruter for many inratient and outratient
services., It was rredicted in the early 70’s that the
1980’s would see evers ratient and everw doctor in anw US
nosrerital having more thanm 200 beds directlwy interfacing a
computer almost dailw.(COLL74), Indeedy with the sdreat

Over the 10 gear reriod from 1964 to 1974 3 variety
|

reduction in harduware costs and the resultant
rroliferation of microse this ~rediction has been
surrassed, The advent of micros and micro networkingy
time sharindg enterrrisesy the minicomputers and the

dramatic reduction in hardware costsy all courled with the
sorhisticated software sackades availasble todawy have
resiyltedd in this rrediction beind surrassed to the roint

of comrputer use in virtuslly 311 hosritals and 2 madority
of outratient clinics.

DEFINITION OF HOSFITAL COMFUTER SYSTEM.

Iuring this reriod of develormenty a3 verwy dood
arerroach to develorment was taken. First of a3ll» there
was a commonys denerally sccerted definition of 2 hosrital
comruter sustem. It was " &8 sugstem that wutilized
electronic data srocessing and communications ecuirment to
»rovide on line perocessing with real time resronses for
ratient data within the hosrital and i1its outratient
derartment ineluding ancillary services (laboratoryy
snarmacyy x—-ragy etec.) (coll74)., Administrative comruter
suystemss handlindg admissionsy bed censusy menu Flannings
#atient schedules for ancillary servicesy and financess
were conceived of as subsustems to the hosrital comruter

sustem(HCS) . Similarly laboratory comruter sustems
H-ravdy sharmacyy and the like were looked at in a8 similar
light.

This early thinking was verw sound as far as it went,
but the HCS definition was somewhat narrow in scorey as
will be seen later, Commensurate with this accerted
definition +there evolved an accerted list of obdectives
for HCS’s. Thew were! (COLL74 et 31)

ORJECTIVES FOR THE HCS
1. Imeroved cualitzy auantitey wtilitsy angd sreed of

medical data communication while a8t the same time
cuntaining costs,

_..' -.'.-“':‘.q-"o e '{\'f\.-';-‘ 0
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,Qf 2. Communicate individual ratient data from the
::J : rofessionals =roviding medical care (doctorsy nursess
iﬂ technicians) into the comruter medical record and thern +to
< other wgrofessions (dietician for examrle) and hosrital
li ’ service derartments (ancillary services).
S; 3 Communicate ratient dats from subsgstem
o comrponents (eg automated multirhasic screening laboratorwy
- or intensive care wunit) into the eatient’s comruter
= medical care record.
L 4, Communicate between clinicasl services (ie nursing
- stations) and ancillarw services (ed ECG or radiclodw),
' 5., Establish scheduling and bookins files  and
- communicate such information for ratientss rersonnely and
Y medical care services.
o
[~ 6., Esteblish a datz base for administrative and
.t business functions.
:? 7. Establish 3 medical data base which c¢an surrort
. clinical and health services recearch.
'ﬁg 8, Assist in the teaching of medical staff and
- medical students in the health education of the law
xY sublic.
'Y 9. Frovide data necessars for rrodection of heslth
;% care needs 3nd rlanning for hosrital and medical services:
W rot onlwy for the hosrital itselfy» but also for the
NN community.,
o
s Although these obv.dectives were thought of as
' ‘immediate'y some have been more immediate than otherssy at
;C: least in terms of the dedree of sorhistications and dedree
e of use, The first 6 have rrodressed the farthests while
e 718y and 9 can be found in various stadges of develormnent
ﬁ- designy and imrlementation, The first 6 are desidrned and
N imrlemented in a varietys of schemes in many facilities
) throudghout the US and Eurore (SHAN79).
-
- .’-
J? FUNCTIONAL REQUIREMENTS OF THE HCS
2E Commensurate with @ definition of & HCS and its
L /] desired obJectives several functionzal recuirements were
identified and commonly accerted. They were: (COLL74)
1. Frovide data auality control #rograms ani
rocedures to reduce
L £ errors  of ratient identification and minmimize
N instrumental and human errors throudhout 811 HCS
o subusystems. It must be able to rrovide more complete datas
Z:j;:
]
N
-,
2.
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}z and/or more selective data for each user’s needsy
- increasing the utility and ledibility of =srintouts by
": emlrowing human endineering factors. It should incresse
o the sreed of communication of data between datz sources
(» and data users.,
i} 2. For esch ratient» on a8 continuous 24 hor 8 daw
RS basisy carture at the sourcer on line if necessarys all
;g inratient and ourtratient service datas and store in  the
e ratient comrFuter record the following essential

information!(a) selected historyy rhusical examinationy
ﬂ and Frodress rerort data which is auantitated or
-;« suscertible to some standardization of terminolodw and
o formatting of insuts but the system must be carable of
. handling natural landuade 8% necessarys (b)) all
o diadnoses?(c) all diasgnostic intersretations from x-rauy
\ ECG» EEG» w#atholodwys and other rhusician rerorted
.~ “aminationss (d) doctors’ orderss (e) a3ll rroceduresy
N including orerations, deliveriesr etcd (f) 311 clinical
o lab  test resultss (¢) essential summarized ratient
}2 mon;tqrins data from intensive care areasi (h) all druds
" admisistered in the hosrital and disrensed in the
o outratient sharmaciesi and (i) ancillary services
24 rrovided to eatients (ie services surrorting the healing
~tj or diagnosis srocess).
‘.‘:
Q: 3, To srovide anw arprorriate rart or 2311 of this
o datar on demand and when necessarg:s in the form of
¢ rrintouts or visual digelaus to (1) +the rhusicians for
LN ratient carey and (2) the administrative and business
:x' offices for ratient accounts» statisticss etc.
-5- 4, To rprovide zdmisistrative communicative functions
. such as (1) scheduling of ratients and eroceduress
including outratient arrointments and registrations

A hosrital admissionss bed censusy and scheduling for
j; ancillary servicess (2) to rrovide scheduling and control
) functions for rFersonnely surprliesy and equirmenty
254 including hoserital staffinds inventory control, meru
S #lannindg, automasted eaquirment aualits control, etcH (3)
. to ¥rrovide messadge switchind functions to multirle
n} derartments( ed lab test orders to and from nursing
> station to labs to medical chart rooms and to comruter
- center) and (4) to rrovide business functioms including
o #osting of chandesy billing, rasrolls, etc.

e To rrovide 38 data base for (1) investidators
~ needingd both ratient and statistical files for clinicals
:; eridemiologicaly and heslth services researchi (2)
(o admisistrators for hosrital services evaluationy
{: simulationy s=roJdectiony and #lannings and (3) medical
‘-“ education,
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. b, To satisfy confidentialitys securituy and ledsl
reculirements.

‘ As we can seey the early thinkind in this ares had
e - some very dood forethoudht and covered a3 wide rande of

\{- considerationsy many of which are conducive to current
3 carabilities of sustems analusis and datas base manazement
n . - . . . o .

= sustems. In addition to a8 definition, obdectivesy and
A functional recuirements of a HCS» much consideration was
. given to rersonnely eauirment and softwarey sdstem

relisability and backursy ant utilits,

FERSONNEL NEEDS

The highly srecislized nature of dats rrocessing was
recodnized ardg assidned arsrrorriate sidnificance. Clearly
this is seen in the amount of consideration divenm to
identification of kew rersonnel functional descrirtions
within the HCS surrort staff.

Orne of the first rositions to be considered in any
suych oreration was the "rroJect chief's resronsible for
o oversll develorments controly etc.

- In these earlw vears of develorment: there was an
InordInate amount of emrhasis that kew rersonnel have an
in desth kriocwledde of the medical field so that thew mau

{ maxkimize the effectiveness of thier rositions, For
" examrlery 8 common concertion of 3 rrodect chief would be a
ok werson  highly aualified in medicine and endineering or
M comruter science, A ‘"rhesician-engineer® as it werer
:ﬁ would be 3 MDD +trained in endineerindgy bDiorhysicsy or

- comruters.(COLL74) It is denerally recognized today that

comruter science is 8 rrofession in its own righty and kew
~a #ositions in the field do not require exrerience or
S traiming(in aerlications +to bhe automated) to effectivelwy
) fill those rositions.

Further examrles of tis asre seen in descrirtins of
v systems surervisors and informatiion endineers who should
have a background in the 1life sciences. Furthery =&
requirement 1s identified for medical sustems analustsy

P e}
o
[

e who should be trzined in analuysis of medical subsustems, 1
27 Finallwy arrlications Frodrammers ideally would come from

I within the orgainzation. It was highly desirable to tiain

@ sharmacistsy l1ab technicians nursesy and rhuesicians to

g: function as efrodrammers or to work closelw uWwith the

oAl #rodrammers in their rarticular arrlications., (COLL74)

Althoudh there is nmothindg wrond with wanting those
aqualities in TF staffy 1t is hidhlw unlikelw that it could
te achieved today to anw arrreciable dedree. Indeedy many !
of the rrofessions indicated:, namely Fharmacistsy
rhysiciasnsy and nursesr could not be bothered with such
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detail interfering with their rrimary functions. Thiss 384
much as ansthindy has influenced the systems analssis
arrroach where IF sersonnel interview hosrital rersonnel
to det srecifications for design of systems. Adziny datas
Fsrocessind 1is recosnized as @ distinguished rrofession
- that has come of its ownry a3nd 1is comrletelw carable of

el rroviding service when called uron to do so.

e The orientation and trsining of rersonnel WEs
" sddressed earluy and addressed effectivelw, For examsley
) it was recodnized that erocedures sreviously handled on an

informal btasis would rnow recuire formal definition. This
had to be identified in the asnalysis shase of sysiems
develorment. Much emrhasis on meetinds and discussions
between IF staff and derartment rerresentatives at all
levels was seen as essential to the successful develorment
ang imelemenlation of systems. 0f coursery not slwakss was
~ this recodnized 3% imrortant., As with any other
: srofessional endeavory mitch Wwas learned in
N nirndsight. (SOHN79 et 2al)

DATA MANAGEMENT FOR THE HCS

The need for a8 dats base manmagement sustem was
identified and functiornally defined lond before NBHMS s
were commercially available. It was determined that small
collections of satient data from subsystem comronents,
(subsustems to the HCS) ie blood bankssy laboratoriess bed
Censysy etcy would never staisfy the requirements of
clinical services or manadement. Collections of this dats
into wenasindgful summaries and rerorts had been carvied out
in much detail by manual means for mang dears. It was
seen as vital to clinic services and administrators thast
it be continued and imrroved.

3
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Accordindldy to satisfy handling mangy forms of
medical information for mangy visits through timer it
hecame necessary to have an integratedy variable lendgth,
variable format: comruter stored medical record. It was
S deemed necessarw to store date in a8 structure which
o #ermits retrieval of &ll or anw srecified rortion of an
- individusl salient record in (1) time oriented secuence:
O in chrornolodgical order by ratient visity agr (2) source
. oriented seaquencer he services:y and/or ’ (3) ratient
!E medical-Froblem oriented SERUEeNCe. Additionallyuy
manadement needed monthlsy cguarterlyay and annual
statistical summaries in a8 variety of formats.(COLL74 el
al)

Y

HARTWARE NEEDS FOR THE HCS
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Iurind this reriod of times the micro comruter wes
not dget & marketsble resality. Therefore the concerts of
hardware surrort and confidurations were rather limiteds
in comrarisorn to todsw’s carasbilities in small machine
Frocessing rower and advances in true network i
carabilities.

- With the data base recquirements defined as they weres
oy the most commonly asccerted hardware configuration was to
~- vse a mainTrame with larde core memory and erocessing
#ower a5 the core of the HCSy arnd 3 minicomruter to

;

A
’ +

- intedrate HCS subsuvstem modules, EBecause HCS’s had 35 3
j; basic recuirement hish reliability on 2 24 hour a3 day
o basisy sufficient redundsncy of equirment was necessary to
- insure this carabilitu. Additionallss storade devices
. needed to be of sufficient size and sreed to surrort on
{ line accertable rssronse times from 3 large and varied
A dats base. Two levels of storade devices were seen as
- reaquired for the data base itself! (1) mass direct access
:3 devicesy with less than one second random access time to
e ang activesy medical file for all rersonnel authorized to
* use the HCSy and (2) tare devices for archival storage of
;; inactive filesy backury and batch rrocessing.(COLL74 et i
TN al)

O

el The only other rerirheral devices considered were
- terminals and dedicated minicomruters. The mainframe had
- to have +the carsbilite to harndle a3 larde number of
{ terminals on liner so 4that eatient visitss ancillary
U services transactionsy etc could be entered as theu
f&j occured. Derending on the nature of the transaction» some
e resronse times would have to be slower that others. For
ﬁ: examrler on line monitoring of ratients in internsive care
Dot units would have a3 high Friority resronse time in
. comrarison tor sayvy 3 rharmacy transaction.

;3 Minicomruters were seen as handling rerirherals,
. storing disrlay formatss laboratory q@uality control
Cﬁ #rocessindy andgd ‘*hidgh density data generators® for
"~ arrlications like internsive care units and quality control
) monitoring of larde automated chemical analuwzers. The
o idea here was a harduare confiduration which would model
e the ordgainzation of the oreration in a2 functional sense.
fE The mainframe would handle the bulk of the routine ratient
.- care and asdmisistrative functionsy while srecialized
o mini‘s would surrort subdivisions of the hosrital like
@ ancillary servicesy srecial clinics with hidgh volumes of
g datay etc. Thew a3lso would manadge the 30 to 100 terminals
- visioned as necessary in a8 200 to 300 bede facilitu.
Lt (COLL74)

g There were many other considerations given to
L comruter surrort in medical facilities. Software
" reauirementsy suystems reliability, cost dguidelinesy
‘:: utility requirementsy controls on privacy and
%
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confidentialityy ualitw assurance of dater timing of
imrlementating schemes to imerlement intedrated subsdstems
one a3t a8 time a3s monew allowed: etc. These reciulirements
were rresented in a8s many different wags as there are
books on the subdect. Among them: there were 3¢ many
suucecesses as failures:e which thas served to imrrove the
success ration and decrease costs in more recent 3sttemsts
to imrlement and desidn systems. It is beneficial to
examine some of the common characteristics of sustems
which succeededy 35 well as those that failed,

REASONS FOR SUCCESS OR FAILURE

The rveasson most often cited for failure of HCS’'s
during this reriod wzs & subortimal mix of medical and
comruter srecialists(COLL74 et 31D, Generalluy the
#roJect staffs were comrrised of well motivated rhusicians
with little comruter exreriencer courled with comruter and
sustems exrerts relativelw naive to the intricacies of the
overall medical rrofession. The barrvier to communication
between These two highly technicals comrlex rrofessions
led to the IF staff underestimating vast medical needs.
Frimsrily due to a8 lack of sufficient understanding of the
total envivonment in detailsy sustems develored fell
dreadfully short of functional recuirements.

A second contributor to failure was 38 1lack of
financial lomg term commitment, This harrened not as &
result of 2 reluctance by manadgement to invest in sustemss
but in 3 dross underestimation of costs to imrlement and
sustain such comrley intedrated subsustems. Several
rrodects were terminated after 3 to 5 uvears of time and
several million dollalrs were investedy onlw +to have a
system still far from comeletion(COLL74).,

Intedration of subsuystems was another Froblem.
Several HCS rrodects demonstrated dreat swuccess in
imrlementing subsystem comronents for administrative.
laboratorysy bed censusy ratient schedulingy or rFharmacu
orerations for examrle. When the rnext ster was to
intedreate these subsystemsy suddenly serious
incomratibilities were seen between the various modules
angd data files. The remeds was maJdor resrodgramming at
astronomical costs to achieve an intedrated ratient file.
The wusual resronse at this roint was to comeprimise and
settle for these inderendent subsdstems., Marnual
srocedures then had to be develored to integrate anuy data
in a8 meaningful waw(COLL74).

Many sustems failed because of wunaccertable inrut
schemes. FPhusicians who were faced with kewe board
terminals Just would not accert such means for
communicating with the comrutery and clerical ture
rersonnel were called uron to surrort inruts, As a resulty
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later efforts were directed toward touch wire or light ren
inFuty which were more sccertable to shuysicians. Alsos
alternative schemes to minimize direct rphusician interface
for inrFut were introduced (SCHM79).

Essentiasllywy anw analutical arrroach to systems
develorment designy and imrlementation that is modeled
after successful schemes of erodect develormerntr with
emrhasis on  avoiding the above mentioned shortcomings:
will have much rotential for success.

There are two rhilosorhies that seem to rrevail to
develor & dood sdstem. (FRIEB2) One is to det reorle on
the IF staff and develorment team who are duzl
rrofessionalsy having comruter science as well as medicsal
krniowledde, The reality of this arrroach 1is that it is
exceedindly difficult and exrensive to identify that kind
of 8 srofessional. In light of the dedree 0s
sorhistication seen in structured asnalusis and structured
desidn in more recent uearsy it makes an 3lternative
#hilosorhy for syustems develorment very attractive.
Indeedy the failing mentioned above was not really due +to
8 1lack of medical comreterncy on the IF staff, but to a
lack of in derthy detasiled understandingd of the sustem +to
be azutomated, Achievement of that urnderstandindgs alond
Wwith several other dgoalsy is Frecisely what structured
sestems analusis is all asbout,

Another doal of sustems analuysis is to erresent a
realisticy long term ricture of a3 timetable of sustems
implementation along with associasted costs. A detasiled
#rorosal must be rresented clearly and comrleteluysy so that
management has an accurate ides of what 1is neededy and
what thew can reasonably exrect to invest totalluy as well
3% incrementallu.

W
.
K

This commitment must be obtained early in the
#rodect, and for a3 larde facilityy 3 to 5 years to
comrlete 3 total sustem is not unreasonable. In realituy
because the medical field is so0 duenamicy it is rather
naive to exrect & sustem of this size to ever be comrleted
3s oridinally srecifieds or to ever reach & static state.
Chandges in roliciesy medical standards of excellencer
lawssy etc will forever influence the structure of anu

sdystem s0 involved as an HCS.
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An  intedgratedy modular system is fundamental.

RN Because that is so0sy intedration and comratibility of
e subsytems must he in the =lans from corncertion. Because
X of the mansy and varied sources of rotentiel inrFut to a
comrlete re3tient recordy it is believed that the
imrlementation of one common central data base of
intedrated files is essential.(FRIE82) Small collections
of #atient data from subsystems on dedicated small
comenters for the labs blood bhanky admissionsy etcy have
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jﬁ; been demonstrated as falling well short of functional
ftf recuirements of HCS’s» as rpreviously indicated.
S There are still many different orinions on where to
T : tedgin in the imelementation of modular subsuestems: Wwith
e the ultimate goal of s fully orerational HCS. Frobablyy a
{3; few schemes on the order o imelementation will emerge as
fi: most commony most successfuls or least exrensive.
R
'Q“ Although the environment of medical care and
) administration of such an environment is hidghlye comsle:s
AR technicaly» angd fraught with varisblesy the tools and
2N heuristics of structured analusisy desigry and
SE imrlementation are Just as arrlicable to this ernvirornment
T as anw other. Clearlyy the need for a3 highly detailed
- analysis of how things are done is essential. Hours and
{ hours of interviewing wusersr middle and Jurrer level
A manadersy medical techniciansy and nurcesy a3s well as
jg. rhysiciansy ancillary services techniciansy and so ons are
qfﬁ critical to desidgn success., This +tuyre of asnalusis is
:;;, fundamental to structured asnalusis (DEMA79 et al),
204
" CURKRENT EXFANDED DEFINITION
%&? In any endeavors 3s rFrodress occurs terminolosy
y{~ chandes to reflect that rrodgress. The evolution to HCS's
?{: has not been immune to these transformations. An namrle
N is that HCS5’s zare no londger referred to as suchy but are
{ now called Management Information Sustems(MIS)y a3 more
N dgeneral term given to 3 more dgeneral defimition than that
Ag} of arn HCS. A MIS carn bey a3nd in realitw isr» both manusal
j;- and sutomated. MIS dernerally imrlies "comruter®y but only
f}ﬁ to the extent that the comruter is one tool wused in
7, 7 achieving a total MIS. {FRIEB82)
R Manw reorle conceive of a MIS as s data base with all
;Q} information in orne area. This is certainly 3 logically
T desirable concert in rrincirle. In factsy what is found is
}ﬂ- several unieue and serarate MIS’s within a facility.
R Althoush total integration is still a doa8ly it has wet to
i be achieved to 2 dreat extent.
:B This more current thinkingd on the notion of a
E hosrital information system draws on rrevious
<y requirementsy but is broadery in that it sees a3 MIS as
v extending bevond the comruter and serving a2 wide and
L2 varied tuyre of usery at different levels in the manadement
LA sustem. (FRIEB2)
}ﬁe MIS’s can rrovide informationm to executives for
‘24 stratedic rlanning and decision making, It rrovides
o surervisors and first level manaders with 3 method for
o structuring srocedures to contazin costs and minimize
e rrocedural turmaround time.(FRIEB2 et sl)
s
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As mentioned earliery althoudgn total MIS i1ntedration
is still &8 doaly it 1s seen as more and more elusive
srimarily due to the imrractical and unrealistic
constraints of costy timeyr angd effort to develor. The
diversification and idiosuncracies of derartment needs
often make reduction of all dats into one intedrateaod datsa
base verw difficult., Howevery in mang related areas such
as accountindg or nursinde significant inroads toward
intedration are beind made. (FRIESB82)

Thie rortion of the rarer has rresented much of the
early thinking that went 1into develorind functionazl
recuirementssy obdectivesy and definitions of hossitsl
information svystems. Also there has been some comrarison
and contrasting of these earle ideas with srresent day
rhilosorhy, This then serves as a demonstration of where
these sustems hasve beeny and where thew now hore to dgo.
The next rart of this rarer will discuss srecifics about
current a2rrlications and srelications under develorment.

CURRENT AFPFLICATIONS AND TRENDS

The relatively low cost and flexibilty of
microcomputers has dretly encouraded their wide use in
hosritals, The Air Force Medical Service is as
enthusiastic a3s the civilian sector in caritolizing on
these arrlications with the ultimate do03l of 3 hasrital
widey intedrated MIS. The USAF Redgional Hosrital
Shersrardy Shewrrard AFBy TX has rlaced micros in some hkey
areas a3s rilot arrlications for an eventusl MIS. (HOSF83,
Julyy *Budding Asplicationsy #81)

CLINICAL LAE

calculating and evaluating quality control within the
clinical laboratory 1is an essential measure of the
credibilite of the laboratore, this 1is +traditionaslly a
laborious tasky recuiring massive amounts of rarer storade
to surrort accreditation. The @uality control srodram at
Sherrard calculatesy evaluatesr and stores a3ll cualitwy
control data for the clinical isotores section. Software
allows the hosrital to accomrlish this daile, The sustem
has a tremendous enhancement over the traditional wmethod
in that via a3 modemy Sherrard can link with the vendors
mainframe and immediatelw comsare its cuality contrel data
with other hosritals doind similar rrocedures with the
same methodolodies and instruments. Identification of
trends a3llows the hoserital to take immediate corrective
action.,

Another a3rea of drowing interest 1s the use of
artificial intellidence for evalustion and rerort of
clinical lab results. Great rotential for direct benefit
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of the oquality of medical care is anticirated here. Al
rresent three rrodrams are beindg used at Sherrardy with
extensive develorsment rlans for the rnear future,

One #rodram caslculates andg rerorts srotein
electrorhoresis for ratients records hidhlighting whether
results are within mormal limits. Exransion rlans will

include 8 clinical interrolation. A second Ffrodgram

calculatesy clinmically interrretss a3nd rerorts =
dexamethasone surression test for diagnosindg endodenous
derression. A third Al arrlication that can evaluaste and
clinically interrret coronary artery disease will have &
trial run  soon. Besides realistically evaluating the
#robability for develorind coronary artery diseasers the
#rogram can educate as to the effects of smokindy high
blood sressurer familwy historyy and fat intake.

Other arrlications a3t Sherrard in Flanning or
develorment rhases are 1. inrFatient sharmacy sustem to
track inratientsy rrescribed medications: ann
administration redimens. 2, a8 medical training rrodram
to monitor rersonnel training currency and rroguce
rersorts., 3. 8 @uality assurance rrodram for rlant
manadement rersonnel to better monitor the @uality of
housekeerind services. 4, 3 rroddgram for food service to
cost out food inventorwy. Se a rersonnel manadement
FTOgram to maintain a3 data base of assidgned vs.
authorized rersonnel and sroduce reroris.

FERSONNEI. RECORDS

The Hosrital Corrortation of America(HCA) is Frilot
testing a8 distributed dats Ffrocessing sustem for hosritsl
rersonnel record hkeering that will wrlace stand 3alorne
dedicated minis in individual derartments. (HOSF83y Julw:
*Human Resources Manadement®» =80)

The data rFrocessing systemy called the rersonnel
distributed systems is eurected to helr hosritals examine
each derartment’s role. This reexamination could lead to
3 reallocation of functions and tasks to take advantade of
available carabilities and rersonnel in the hosrital.,

NURSE STAFFING

The rroblem of nurse staffind structure is indeed s
difficult one in hosritals. The do0als are to maximize
care and sroductivity with the minimum a2mount of gstaff.
Historically this need has been difficult to meet because
of the many varialbhles and little time to consider them.
Patients on 3 diven ward vary from hour to hour in their
care reauirementss while nurses available on a3 shift can’t
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alwavs haendle the load. The resronse to this is a float
»poly maintained to make ad hoc adiustments to difficult
situationsy wWwhich are little more than stordar measures.
A4 erodram called SNAP (simelified nursing allocation
Frogram) refines this resrFonse., (HOSF83» Juluy
Computerized Nurse Staffing® »90),

SNAF calculates the amount of care rrovided esach
ratient in minutes of nursing time. To do thiss it
requires a ratient classification sustem in time values.
Additionalluy it matches nurses to ratients» sends hours
rerorts to the busimess officer and manadges the floast

=001, SNAFP helrs ease the difficult task of continually
adJustingd staffs to variasble ratiemt loads. It i
accuratey timely and fair. Its rerorting sustem helrs

minimize overstaffingy understaffing, and 1interrersonal
#roblems often denerated under these conditions.

MEDICAL DEVICE DATARASE

The American Hosrital ASsociation’s (AHA) Nationsl
Data Network was exrected to comrlete rilot usage of its
Medical Device Datasbase(MDID in Sertember and to be
available to S0 hosritsals on 38 limited basiss before
orening ur to an anticirated 1000 hosritals by the wears
end., MODIL is designed to srovide hosrital rurchasing
adents with immediate access to 3 srectrum of device and
sroduct information. (HOSFB3, Serty *Ilevice Iiatabase
Readied for Core Grour Use® r58).,

The MIODI currently has information on 50,000 devices
and surrly items from some 7000 vendors. Access is via
terminal and modem. Froduct information is stored at 3
levels. The first level includes 811 mador eroduct
catedoriesy ed forcers. The second level subdivides 1into
various tuyresy edg hemostatic forcers. The third level
information includes information on srecific sroductsy
such as manufacturersy vengorsy order numbersy order
auantitiesy units of issuey and list rrices. It is online
24 hrs 3 davy with user chardges comruted hourly,

ANESTHESIODOLOGY

There are mang areas of health care deliverwy that
reauire freaquent annotation +to & record of a number of
varialblesy for both clinical and ledal reasons. The
imtraorerative anesthesiolods record lod is orne of these
areas. The uality of this record can be criticaly but it
mas be dedraded by stresses on the anesthesiolodist, or
entries maw be omitted or imrportant chandes overlooked
during reriods of boredom. The Crawford Long Anesthesia
Record Sustem (CrawlLARS) offers a solution to these
sroblems.,. (FMT84y r27).

T L L S L RS L AL R e

SRR
P YA




», )
Vaml Al

A Iy

._."""‘ ¥l

R

MMM MY i)

;g
Uil
[N TS

.
.

B
.
-
.
.
.
-
.

W N

b

R A A A NIRRT

AR A M C B I e e Sl Sl Saflcai S il i b i e ) LA U B e AR M S T

Fade 13

CrawlLARS acauires and rFlots wvital sisns through

standard medical wmonitoring devices., The anesthetist
enters drug doses and other information via & kewboard,
CrawlLARS denerates a3 comracty multicolor anesthesia
record,

The system consists of 38 HF 2826 microy eight color
flatbed rlottery data scaquisition and control wunitey four
channel satient monitory and sutomated ssehugmomanometer.,
Additional monitoring ecquirment maw be added.

The entire system is on 3 rortable standy to be moved
from room to room a3s needed.

Comrletely automated data acauisition is available
for two direct sressuress indirect arterial rFressures
heart rater» and temrerature. Automasted vitsls &lone
markedly reduce anesthetist +time devoted to record
keerind, The keuws on the kesboard have been relabeled to
streamline manual dats enterindg., The techrnicue for drug
inrFul is slidghtle faster than ren and rsarer.

Clinical resronse to CrawlARS has been favorable.
Most anesthetists feel it 1is a sidnificant imerovement
over manual records keering, The ledibilitw of the record
is rarticularly well received, Color coding is seen as a
definite rlus. Automaticalls disrlaved rFromrits helr free
the anesthetist from having to remember the detailsy so he
mas devote more time to direct ratient observation.

ARTIFICIAL FROSTHESIS

In another areay the comruter is beind used to desidgn
comruter rroduced artificial Joints for hir rerlacementsy
etc., At the Hosrital for Srecial Surderies(HSS) in  NY
city a3 comruter aided design and manufacturing sustem
(CAI/CAM) was develored which 1is revolutionizing custom
Joint rerlacement.(HOSF84y»Jan 1» #43).

The sustemy licensed to the orthoredic division of
Johrnson and Johnsons in New EBrunswich NJy 15 accessed via
terminal. The rrosthesis selections software rackade
called CAFS should ensble surgeons across the country to
desisgn imelants tailored to their ratients’ needs.

The swystem has a8 data bank stocked with imrlant
desidns. It can "read® x-ravwsy via the surdeon’s use of a3
lighted screen and rointer to enter ratients x-ray data.
The surdeon can then manirulate a3 suddested rrosthesis
image to create a3 fit withinm the limits of accertable
desidn.,
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Nexty 3 "bluerrint® of +the imrlant is encoded on
rarer tawe and F3ssed to the comruter assisted
manufacturing (CAM) rortion of the system. CAM is carable
of eroducing 3 device in 795 minutesy which is 3 dreat
imrrovement over the 2 days required bw 3 skilled
machinist.,

Tern to fifteen rercent of ratients fitted with 3
traditionally designed #rosthesis for +the ‘averade"
ratient results in a fsilure. Surdeons have been forced
to srecify imrlant rarameters verballe and by sending
M-rays via mail. Most surdeons lack the exrertise to
arrorve comrlex bluerrints, Now thew have an alternative.

CADL/CAM sroduced Joints should wear lonndger and dive
a better fit. Hosritals accessing this sustem will better
meet the needs of difficult or wunpusual cases. Some
rrosthesesy like artificial knees» are costing as much as
$4500 to rroduce., CAD/CAM will #roduce one for less than
$3000., In the next three wearsy the sustem will be
acvessed by 3% many as 100 hosritals having mador ortho
services.,

ANESTHESIOLOGY
Uarious anesthetic adgentsy acting simrle  oOr in
combination with other adentsy are known to increase the
likelihood of cardiac arruthmias., Unfortunatelyy during

surderiess the anesthetist rarely has time to studu these
as thewy occury and is only able to note them 3s thew occur
in fleeting moments on the ratient monitor(MEDIB83, »131).
A microrrocessor based arruythmia monitor/recorder sustem
has been develored to record those events., This sustem
will eventually comrile enoudh data to rrovide two thindgs!
(1) arrethmia trend rlotses and (2) & database of
arrdthmias on which to evaluaste detection a2ldgorithms.

This sustemy 3t the time of writinds had monitored 11
orerationsy totalind 20 hoursy so that ang conclusions
would be sFremature, Initial tests haver howevery
demonstrated the sustem to be reliable in recording events
when comrared adainst the traditional means wused to
carture such dats. Some shortcominds are set to be worked
out irn building the database mentioned above.

FATIENT INTERVIEW

One of the most common criticisms of comruters from
lagreorle is their imrersonal nature ie a8 machine
communicating with a rerson. At Reth Israel Hosritaly
Bostons 8 mrodgram designed to take a3 medical history from
ratients being seen in the ambulatory care clinic is
rerceived as less threatening and intimidating than the
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same ture of interview conducted by rhysicians. With a
comruuter conducted interviewr the ratient feels s 1f he
is in control (HOSF83, Audg 16y =59).

The rrodram’s aquestions and dialogue are designed to
dive a rersonal touch to the session. It aske for
~ermission before calling the ratient bw his first name.
As aquestions are askeds it does back and restates and
summarizes snswers to insure the correct data 15 taken.
Questions can be rereated or skirredy 2nd the interview
rroceeds at the ratient’s race. The entire rrocess takes
about 30 minutesry and 1is dernerally well received by
ratients,

UIAGNOSES

In the area of 3siding in makind or confirming
diadnosesy the comruter 1is beginning to be a valuable
tool. An exrerimental comruter imaging technieue under
develorment at NASA‘’s cell image 1lab inm Houston is
intended to 3id in the early detection of sauamous cell

carcinoms. The keuw to surviving lundg cancer is early
detection. Undiasrnosedy it can take 20 to 30y wesars to
develor. The rroblem is that it is very difficult to
identifwy early, The comruter can hels in this

area(HEALB3y r1).

The indicator waw be only a3 sindle cells identified
in a8 srutum samrle. In clinical trialssy the sdystem has
been diven a3 90 rercent rlus sccuracy score, The sustem
is slated for widesrread use by 1988, but anw hosrital
having suitable grarhics imading hardware and software
could use the rrocedure now. The comruter "views"' a
digitized imade and comeares that adga2inst a2 known set of
characteristics. The test is safey inexrensiver and
non-invasivesy consisting of the ratient rroviding a srutum
samrle., The samrle is rrerarved on 3 slide to be viewed
under an on line microscorey with the imade disrlaw on 3
monitor., The monitor enables editing of extra cellular
debriss leaving 3 clean imade to be stored on tare.

Since the human body can be reduced to 3 collection
of cellsy the rotential arrlications for imade analusis
and diadnosis sre virtuslly limitless.

VA SYSTEM
;l. In addition to arrlications develorment for
?é{ rarticular functions within & hosritals much effort is
b 5till concentrated on hosrital wide sustems develorment,
h @ and the standardization of those sustems., A recent

]

examrle is the Vetrerans Administration’s acauisition of
$62 million in harduwarer including some 300 comruters.
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This equirment will be instelled in various facilities to
imlrlement sustems desidned for exeansiony to initiaslly
surrort derartmerts of mediciner surderys admission and
dischardey #harmacsr x-ragy and lab. There are six
redgions of Jusridiction for the VA hosrital sustems and
easch will have its own software develorment and surrort
trranch. (HEALS83y Decembery r1).

Small facilities will have asccess to databases of
ratient errofiles: requiring arrroximatelwe 80 med of disk
v storadery Wwhile larder facilities will be wusing 1200 med
. systems., The languader mandated by VA 3s required to be
- used at all sites is MUMFS. This insistance on 3 common
N languade is to foster wrortabilite of softuware between
<. facilities.

\ The MUMFS languade was oridinally develored bw 2
dgrour of rhusicians in 1947 at Massachusetts General
Hosrital (HEAL83, Decy #22). It is currently used by over
4000 medicaly commercialr and industrizl installations.
It has many attractive features,. First of all:» it was
develored with medical arrlications in mind. It has the
dual carabilitye of functining as a8 rFrodramming landuade

.. and a data base manadement sustems and it is ANSI
e standardized, It is distinduished bs file manadement

Ve technicues that reduce the amount of hardware recuirements
Lt turical of other landuades. It 3lso is shown to use a
. lesser amount of code than other landuades to rerform 3
{ dgiven task. The level aof user friendliness enables
SEAK ‘non—-rrogrammers® to write their own arrlications (HEALS83.,
B liec» #22).
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- In Good Samaritan Hosreitazls MNowners Grover ILy 3 very
extensive ratient care system 1s wur and running. The
system surrorts redistrations treatmenty and admission
within wminutes of & ratients arrival at the hosrital.
Concurrentlyr nursing units» and ancillary services are
glertedy based or doctors orderss and a ratient record is
created or wurdated if he has been there rreviouslu,
Information for several administrative derartments is zlso
Sl yridated, Frobably one on the sindle most sidnificant

#{f advantades to this svystem is that evervone in the facilitu
:3i tias the same information on the satient{ ie every record
o has the same srelling of his names same diadnosisr same
eF admission date etc) dreatls reducind conflicts inm records.
o This information is stored for later retrieval stould the
o ratient ever return.(HEAL84,y Jany =75).
h ‘Q - ‘-
SO NETWORKS
3 *-f
SO
o In addition to emrhasis on develoring arrlications
@ within a facility and sustems to serve an entire facility,
oyl there have been some recent develorments in network
’iﬁ: services to meet common needs of 3 drour of community
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hosritalsy or on 3 nationwide basis. Several metworks are
- now rfublically available which are rroviding medical
o bibliosgrarhiesy textbook stule datar and admisistrative
i  ' information.(HEALBA4,» Febsy =1).
- -
1:: A network connecting 51 hosritzals udnder the name
jq Association of Universitwy Affiliated Frograms(AAUAF) is
N linked and oreratindg under the name MELD/MAIL. United
S Health Care Corer(UHCC) is a natinwide grour of 15 redional
> hosritalsy rerforming 3 vers similar service to AAUAF.
These sdystems are essentially electronic mail orerations
RS used to share mutuzlle heneficial information. Electronic
ol bulletin boards are slso gaining rorularity, ComruServe
Yo offeers a8 board <service that carries messages and
f?k corresrondernce throudh the medical field., Diata bhasecs are
- beind develored which will srovide references on srecific
medical subdects, GTE’s Socio/Economic BRibliograrhic
}3{ Information Base(corgwrisht 1982, American Medical
S Association) 1lists references from over 700 Jdournals on
;:5 torics such as rublic healthy rsucholodgyy medical sractice
Ay i :
T and ethicsy and education,
) it Itr, Mathew Cushindgs, &8 rhusician associated with
fﬁﬁ Lawrence General Hosritals, Lawrence MAr has develored a
Zza comruterized disease index to det 1listinds of all
yer abnormalities associated with disesses he is currently
o treating, Similarly, GTE has installed Disease
s Information and Drug Information databases in the staff
( loundes of several of the hosritals affilisted with UHCC
S network,
E}i This sarer has attemrted to rrovide some current
N examrles and trends in the advancement of sutomation in
- - the medical field, It is b¥ no means comerehensive or
A even totslly rerresentative of what strides are beind
e mader or what is currently available. What 1is Frresented
e thoughy does indicate that data automation within the
N medical field is currents state of  the arty and
) consistently rrodressive with data automation advances in
:V} dgeneral. Additiomnally, if what Lotfi A. Zadeh of Eerkley
Wiy savs about future trends of comruter science is correcty
}{ﬁ the trends seen in the medical communitse are ridght on
a}f track with automation trends in deneral. (CACM» ArrT 84y
s #304) Of the three trends Mr Zadeh sees» massing of 1larde
N datea bases and widesrread use of artificial intelligence
ol are two that are becoming ever more worular in medicsal
o data automation.
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