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A distributed processing system has been 
installed at the LDS Hospital in Salt Lake City. 
This distributed network consists of a central 
data ba s e and decision making machine inter­
faced to direct entry terminals loc ated through­
out the ho spital at various nursing stations, 
laboratories, and intensive c are units. Also 
interfa ced to the central data base sys tem are a 
series of minicomputers with one o r more ter­
m ina ls. The central computer is responsible for 
data ba>Je management, medical decision pro­
cessing, communications, and statistical analysis 
o f the data base being created by the system. The 
minicomputer systems are used primarily for 
physio log ic monitoring, local storage and review 
of data , and for alarming on time critical 
fu nctions . 

T he medical computer system at the LDS 
Hospital in Salt Lake City has been developed over 
the last ten years. This system, dedicated to 
patient care computing, was originally designed 
to be a centralized computer system with termin­
als for data acquisition and review located 
throughout the hospital at various nursing 
s tations, laboratories and intensive care units. 
As the load on the system increased through 
de ve lo pment of new services and requests for 
additional terminals, it became apparent that 
this traditional approach to data processing was 
no longer adequate to meet the needs of the medi­
cal community supported by the system. To in­
crease system capability and reliability a net­
work of minicomputers was interfaced to the 
existing central computer. In this new system 
the minicomputers provide dedicated processing, 
access a central base and communicate with the 
other minicomputers in the network. The net­
work consists of a central data base and decision 
making machine (a Control Data 3300) and seven 
Data General Nova 3 computers which are 
located in the LDS Hospital's multiphasic screen-
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ing laboratory, sho ck trauma unit, coronary care 
unit, blood gas/pulmonary laboratory, heart 
catheterization laboratory, the intensive care 
unit at the University of Utah Medical Center, and 
the multiphasic screening unit at Cottonwood Hos­
pital, a s mall community hospital located in Salt 
Lake City. A Control Data Cyber 17 computer 
system lo cated at the LDS Hospital is supported 
by the ~EDLAB Company and services the LDS 
Hospital clinical laboratory. 

Figure 1 illustrates the major tasks assigned 
to the c entral computer and those functions per­
formed by the remote minicomputers. The first 
and primary function of the central data base 
management computer is to control the flow of 
data into and out of the patient's disc based com­
puterized meclical record. 
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Figure 2 lists the data base which is curr­
ently being captured on a typical patient in the 
coronary care unit. The data consists of that 
acquired automatically and/or manually entered. 
Automatically acquired data includes: arterial 
blood pressure, pulmonary artery blood pressure, 
cardiac outputs, ECG data, and laboratory data 
from the clinical laboratory and the blood gas 
laboratory. Data which is entered manually 
includes: demographic data, drugs, IV therapy, 
x-ray reports, respiratory parameters, tempera­
tures, weights, etc. This data base resides on 
the central computer and may be accessed by 
directly interfaced terminals or the minicomputers. 
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The second function of the ce ntr a l sys tem is 
to provide co mputerize d med ica l decision process­
ing. A medical decision system ca lled TIELP 
(Health Evaluation thro ugh Logical Processing) 
has been developed for thi R purpuHc. Tlli~ Hyt~tcnt 

has implemented a medical decision la nguage in 
which me dica l per so nnel may easi ly develop c ri-
te ria for real time interpret ing of l:Jhoratory 
results, diagnosing of diseases, sc r.cduling of 
procedure s and printing o( patient treatrnent 
protoc ols . The HF. L P s y s tem has been integr ;1 ted 
into the data base syste m su ch th;,t" li s t of deci ­
sio n criteria is associated with each da ta unit 

stored o n a patient. Tl" ~ rcfurc, .ts d .tl.:t i s slu reel 
in the patient's record, specific dec i s ion l ists 
are accesse d by the ce ntral computer and pro­
cessed by the liELP interpreter. If a de c ision 
results from the storage of data, fo n :· d i fferen t 
types of actions are possible : 1) An intPrpretation 
of the data is stored in th e patient reco rd. This 
interpretation is then avai lable for printed report s 
or review on terminals at the nur s in g s t atio ns. 
2) Setting of an ala rm co ndition indic a t ing that 
data is outside of the acceptable limi ts a nd may be 
life threatening . This may cause e ither activation 
of special alarm lights for the intensive care 
patient or printout of the alarm at a specia l nurse 
alert station for patient s in a gencr:d medical 
ward. In the latter instance a nurse clinician 
will follow up on the alarm with th e .1ppmprbte 
medical personnel. 3 ) S elling of an alert con­
dition. This is simil;1 r to the a la rn • c o ndition, 
but applies primarily to the pharmac y . P harmacy 
alerts consider drug-drug, drug-laboratory, dose 
and allergy contraindications. If these contra 
c0nditions exist an alert i>J flagged l,y the computer 
and followed up by a clinical pharmacist. 4) Print­
out of patient management protocols which are 
pre~ented to the medi C'a l pcrw,nnnl. 
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S ince ntany tl'rrn inaiR ;1re co nne c tor! to" 
single minicomputer system, management of 
sha re d communicat ion lines is provided by each 
minicomputer. Communication between mini­
computers i s , howe ve r, through the central com­
puter. [n fact, the primary communication be­
tween systems is accon1plished by access to the 
cornrnon patil'nt data hase. That i s , all data fr n r , 
a minicomputer is stored in the central computer 

da ta base available to all o ther units in the net­
work. 

Figure 3 illustrates the intercommunica­
tions whi c h a re available on the system. The 
figure shows, using the patient as the central 
figure, the m a nner in which data flows into the 
system and the way in which results and alarms 
are presente e to clinical users. Acquisition of 
the <iata and y·eview of output can be rli s pbyecl 
through the appropriate minicomputer but, as 
no ted above , all data and communicat ions , wlt e thc•· 
input or output, are routed through the central 

co rnputer s y s tem for both the data base m a nage­
ment and HELP decision processing. 

The fin a l three major functions of the cen­
tral sy s tem a •·e generalized repo rt generation, 
da ta r eview capabilities and statistic al as s ess­
ments. The s e c apabilit ies provirle commo n pro­
grams for re ·; i e w anrl reporting of the medical 
da ta b a se anrl insure the c ommo n forn1at of thi s 
inforn1ation. Therefo re, similar review form ats 
anrl s tatistics are a vai lable in all of the intensive 
care unils and nursing s tatio ns throug ho ut the 
ho s pital. 

The primary functions of the remote mini­
computers are also outlined in figure l. The 
major functi o n of these systems is .1n;1log prt"­
processing of physiologic data. Each system has 
resident in it :; memory those programs specific 
fo r the envirc nment where it resides. These 
co re resident routines were designed to be multi­
tasked so that simultaneous processing of informa­
tion from se ve ral patients can be accomplished 
efficiently. Figure 4 lists the type s of programs 
provided for each minicomputer unit. The 
clinical laboratory computer has not been listed 
since it is a commercial genera l purpose labora ­
tory syRtem. For e;1ch minicomputer the 
physiologic processing occurs in concert with 
time-critical c ontrol routines which provide 
immediate feerlback to the medical personnel. 
Typical of these alarms are those within the 
rhythm monitoring system where events such as 
ventricular fibrillation, asystole, etc., are 
immediately diagnosed and alarm conditions 
reported to the medical personnel prior to trans­

ll tlsslo n lo thn c entral cornpulcr eysletn for 
storage and review by the HELP decision modules. 
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Local storage and review of data within the var­
ious units i s a l so provided by e a ch m inicomputer. 
This feature gives dedicated and complete control 
u vcr Lhc time-criti c al fun c tio ns which pro-
vi des a useful ser vice in the units during those 
times when the central facility may be inoperable, 

Figure 3 

For all terminals connected to a minicom­
puter, access to either the local core resident 
program s or those on the central computer is 
available, Therefore, operation of all programs 
r esident in the central computer system is 
ava ilable at Lhe remote site independent of whether 
the ter m inal is co nnected directly to the central 
computer or indirectly via a minicomputer. It 
is transparent to the user whether he is actually 
using a program that is lo cal to the minicomputer 
o r being processed at the central computer 
facility. 

To further illustrate this system, its use in 
the co ron a ry c are unit will be discussed. As indi­
cated in figure 4 the minicomputer in the coronary 
care unit is primarily dedicated to physiologic 
monitoring, The monitoring of ECG rhythm being, 
of course, the primary concern of the minicomputer. 
With the insertion of arterial and/or Swan-Ganz 
c atheters, pro grams are available in the mini­
computer to s imultaneously monitor arterial, 
pulmonary artery and wedge blood pressures. The 
hlood pressures may be measured on demand or 
s cheduled at 5 or 15 minute intervals, The rhythm 
monitoring is a continuous beat by beat analysis 
with criteria in the minico mputer for numerous 
alarm co ndition s . Figure 5 illustrates the alarm 
conditions currently reco gnized by the rhythm 
manito ring prog ram. Upon recognition of any 
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alarm th e m inicomputer a ctivate s an a larm 
signal caus ing a bed select light and an a udible 
alarm at the central nur s ing panel to b e 
actuated. This al s o produces a dire c t wr ite-out 
of the pre vious 12 s e co nds o f t.he e lect r <>c :trclio ­
gram. When the nurse r e spo nd s to th e a hrm by 
depressing the selected li~ht, an interpreta tion 
of the alarm condition is displayed on the ter­
m i nal c onnected to the minico mputer. llispla yed 
together with the alarm conditions is an option 
to validate the alarm. If the ala rrn w;.,, o f arti­
factual origin, the nurse would then ign o re the 
condition and no subsequent action would be 
taken by the system, If, h o wever, the ahrn\ 
condition is validated, the ala rm conrlitio n and 
supporting data recorderl by the computer are 
transmitted to the central c o mputer ca using 
storage of this informatio n into th e p a tient's 
record. Since the HELP deci s ion s y s te m is 
integrated in this data storage the li s t uf 
possible decisions associated with th e alarr11 
condition is retrieved and processed by the 
HELP system. As s uming the criteria for a 
management decision is satisfied the central 
system immediately prints .the appropria te mana­
gement protocol in the coronary care unit. 

Summary data is transmitted t o the central 
computer for storage by the HELP s ystem 
routinely at 15 minute intervals. S im i lar H EL P 
processing would be pe r fo rmed and a ppr o priate 
messages printed if required. Manua l clata are 
also entered by the nurse or paramedical per­
sonnel within the unit. Of particular impo rtance 
are the logging of drug prescription s whi c h are 
reviewed by the medication monitoring s y s tem 
which is, in fact, a list of HELP decision criteria 
associated with the medicatio n prescriptio n being 
entered, Other clinical information, including 
vital signs, drug dose administration, inta ke 
and output are entered by paramedical pe r sonnel 
through the terminal. Entry of manua l data is 
accomplished via programs reRiclent in the 
central data base system. 

One of the difficulties in recording th" 
complete medical information on an intensive 
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c are patient is that much of it must be manually 
entered. To capture all of this c ritical data it 
has been necessary to hire paramedical person­
nel to circumvent the queueing problems at the 
terminal that resulted from having the nursinll 
per so nnel enter the data. Currently under 
developn1ent in the c o ro nary care unit is a new 
m a nual data entry system using micro-processor 
based hand-held computer terminals. With this 
system an inpoJt port would be availab le at every 

patient's bed to whi c h a hand-held inp11t termin­
al woul d be c o nnecte d . A pla s ma display panel 
i s lo cated over the patient's bed. The s e input 
te rminal s are interfac ed to a m ic ro -pro cessor 
based multiplexor for input/output to the c entral 
data base computer. Using the hand-held ter­
mina l the nur s ing personnel rather tha n the 
ru r rent paramedical individuals w ou lrl he 
re s ponsible for input of all manual data current­
ly required in the unit. These termina ls ha ve 
the potential acl vantaj:(e of providing cost-effect­
ive parallel d a ta entry and the sim plicity of 
entry resulting from automatic patient and bed 
identification. 

With this computer network during the 
past 12 month period we have monitorecl over 
800 open-heart surgeries and over 6, 000 patient 
days in the various intensive care units. Cur­
rently there is an average of 54 alarms per day. 
U f these 54 alarms, 24 (44 %) occur on patients 
in the intensive care units. The other 30 
alarms are for patients in the general hospital 
wards. Approximately 2% of all the patients 
receive an alarm, Of these, only half are 
receiving optimal treatment. 3. 8'7o o f the 
pat i ents in the hospital receive a medication 
alert which amounts to 0, 65% of all the medica­
tio ns ordered at the LDS Hospital, For 74% of 
the medication a lerts there is compliance by 
the medical staff with the HELP decision, 

We are continuing to explore in each of the 
units the optimum allocation of resources to 
determine what set of functions should logically 
be allocated to the central data base system and 
those most fitting for the remote minicomputers, 
Redundancy of data bases and systems for man/ 
machine interface are continuing to be explored 
in order to obtain the optimum system for 
active computerized patient management. 


