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Introduction 

Care of the acutely ill hospitalized patient places 
demands on the practice of medicine which are 
demanding of time and intellect. Some of the com
plexities caused by acute events are: 

(I) Patient's attending physician is not always 
present when decisions are required. 

(2) Data required for decisions is complex, vo
luminous and many times unfamiliar to the 
physician. 

(3) The treatment modalities are more com
plex than most physicians are prepared for. 

(4) Usually there are "teams" of physicians 
involved in caring for the acutely ill patient 
complicating data communication. At 
times data is lost , misplaced or ignored. 

(5) Treatment for some acute illnesses can be 
delayed until the patient is criticaily ill 
when evidence of the impending crisis was 
available hours or days before action is ta
ken. 

For these reasons and the belief that systematiz
ing the care of the acutely ill patients can improve 
his care, computerized patient care protocols are 
being developed. 

The application of protocols to the treatment of 
patients is not new, having been introduced several 
years ago in the care of the outpatient (l, 2). In 
recent years protocols have been applied to the care 
of the critically ill patient (3-7) . The care plans for 
most intensive care and emergency room settings 
are well established . These plans (protocols) of 
procedures and actions that need to be taken form 
the basis for computerizing the protocols . 

Over the past ten years computers have been 
extensively applied to care of the acutely ill. Com
puters have been used primarily for data acquisition 
and reporting schemes . Automated ECG rhythm 
analysis and hemodynamic data acquisition are two 
applications which have become common in several 
large centers in the United States . For example, out 
of Myocardial Infarction Research Units (MIRU) 
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came knowledge, rules and criteria for the treat
ment of patients with myocardial infarctions . While 
the past ten years have been used to develop 
rhythm monitoring and arrhythmia control tech
niques , we are now in a position to use the. ECG 
rhythm data , physiological monitoring information , 
laboratory data, and physical findings to make bet
ter patient decisions with computer systems. 

Monitoring of physiological data has come into 
its own in the past 10 years. Techniques usually 
reserved to the catheterization laboratory or re
search intensive care units are now developed and 
in common use in the critical care units of many 
hospitals (8 , 9). 

During this same 10-year interval computer tech
nology has advanced so that there are now smaller, 
less expensive, and more powerful computers 
available . With this advance in technology it is now 
possible to commit minicomputers to labor.atory 
and intensive care locations to gather and 'store 
patient information . With the integration of data 
from these computer systems it becomes possible 
for the computer to integrate and correlate patient 
data for medical decision making. 

With the large amounts of acute patient care data 
which must be integrated and correlated, the physi
cian, nurse and medical care team have an informa
tion overload . At times this information overload 
may result in some critical pieces of data being 
ignored or overlooked-with the patient's subse
quent treatment being suboptimal. The computer is 
able to carefully evaluate the data day and night and 
integrate it such that important decisions are not 
overlooked and therapeutic suggestions can be 
made effectively. Medical decision-making systems 
have been developed which take the patient infor
mation and make diagnostic, interpretative and 
therapeutic suggestions (l 0). 

With the important computer elements available 
·' (e.g ., modular data acquisition, economical hard
ware, data base, and decision-making system) 
and the expanding medical knowledge on the treat
ment of acutely ill patients we are now in a position 
to implement and test computerized medical pro
tocols . 

We are now implementing two classes of pro
tocols , one for triaging the patient for admission to 
the intensive care unit, the other for treatment of 
the patient in the acute situation once he arrives in 
the intensive care unit. The primary goal of this 
research and developmental effort is to provide as
sistance to the patient requiring acute care through 
computerized triage and treatment protocols. 
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Materials and Methods 

The applicat ion of computers to clinical medicine 
has become a major effort of the Department of 
Medical Biophysics and Computing , a department 
of the Medical School of the University of Utah 
and of the LDS Hospital in Salt Lake City. As ·a 
result of this effort, an extens ive computerized 
data base is currently ava ilable on every patient in 
the LDS Hospital. The system developed is shown 
schematically in Fig. I. Two computer systems are 
in volved . The clinical laboratory sys te m was de
ve loped and installed by the Medla b Company of 
Salt Lake City and acquires data from a variety of 
automated labo ratory instrume nts as well as from 
manual terminal inputs. The laboratory system has 
its own patient files and generates its own reports. 
When data is "verified" in the laboratory system it 
is sent to the decis ion-making system which has 
terminals located primarily in patient care locations 
of the LDS Hospital. Currentl y there are ove r 70 
terminals and printers connected to this system. 

Computer monitoring at L DS Hospital has been 
in cievelopment for 10 years ( II. 12). During this 
time more than 8000 patie nts have been computer 
monitored . Monitoring was first developed in a 
6-bed postthoracic-surgery intensive care unit. It is 
now operational in 3 tho rac ic-surge ry operating 
suites , a 10-bed thoracic-surgery unit , a 12-bed 
coronjilry care unit. a 6-bed general surgical unit , 
and a 3-bed pulmonary intensive care unit ( 15). The 
computer system has developed from an intermit
tently used pressure monitoring system to a com
plete nurses note and ph ysiological monitoring sys
tem where arterial an d pulmonary artery he mo
dynamic data, fluid balance. indicator dilution and 
thermodilution cardiac o utput , blood gas, e lectro
lyte and other types of laboratory data are reported 
and correlated. 

Computer technicians have become an integral 
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part of the operati on of the surgical monitoring and 
the intensive care units. These technicians provide 
an interface between the computer and the nurse 
and physician staff by mai ntaining bedside in
strumentat ion for meas urement of he modynamic 
data and are responsible for entry of drug , IV and 
other types of manuall y entered patient data. These 
technicians generate reports and maintain quality 
control of nursing reports for each nursing shift . 
They provide troubleshooting capabiliti es for in
strume nt failures and insert emerge ncy arterial 
catheters 24 hours a day , 7 days per wee k. They are 
a vailable for computer monitoring of emerge ncy 
surge ry, those which go to surgery from either the 
e mergency room or the intensive care unit. 

During the development of this med ical comput
ing system it became apparent that the computer 
sho uld do more than gather , store and report data. 
Therefore, five years ago development of a compu
ter decision-making syste m to process the incoming 
data and make interpretations from that data was 
begun ( 10, 13, 14). This system called HEL P 
( Health Evaluation through Logical Process ing) 
has currently de vel oped into a powerful tool which 
can be applied to pati ent care. Currentl y HELP is 
being clinicall y applied to the interpretation of test 
results , monitoring drug therapy , making diagnosis 
from computerized histories and in a variety of 
othe r ways. HELP is being used in a research mode 
to te st clinical care protocols in an outpatient set
ting and being developed for use in several other 
patient care activities. 

Figure 2 is a block diagram of the decis io n
making system . Decisions are written in a high 
level language much like FORTRAN using a pro
gram called HCO M which develops discrete mod
ules (sectors) for decision making . These discrete 
sectors are "evaluated " each time data is entered 
referring to any of the information in the sector. 
The system data base includes data from several 
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unit has blood withdrawn for arterial blood gases. 
The blood sample is then taken to a specialized 
blood gas laboratory where it is analyzed. The 
computer provides quality control and instructions 
to the technicians as they perform the test. As soon 
as the data is acquired and stored it is evaluated by 
the HELP decision-making system and interpreta
tions of the data are automatically made. The ac
quired data and interpreta tions are then printed in 
the intensive care unit and are available for later 
computer terminal review . If this data meets certain 
criteria which would cause an ··alert· · to be gener
ated a (:Opy of the results is presented at a nurse
clinician sta tion in hard-copy form. The nurse
clinician then has the opportunity of following the 
data up . making certain that corrective action is 
taken if the situa tion warrants . 

On-line computerized protocols have been de

sources (Fig. 2). The patient data are entered either 
automatically or manually by paramedical person
nel. Table I gives information on where , when, and 
by whom the patient data is entered. As can be seen 
most of the patient care data is in the computer. 

veloped for outpatient application a t L DS Hospital 
( 18) . This experience has given us sufficient exper
tise to develop protocols for the acute care situa
tions. All of the data acquisition and interpretative 
elements of the sys tem described are clinica ll y op
erational. The expansion to protocol s and more 
complex decision processes are just begi nning to be 
tested . 

A scenario will help elucidate the system opera
tion . Let us suppose a patient in the intensive care 

Table / . Computerized Patient Data Entry at LOS Hospital-1975 . 

Patients % of 
per Year Eligible 

Data 1975 Patients Who Enters 

Patient identifying 30 140 ( 100) Admitting , lab, other 
data terminals 

Admit diagnosis 30 140 ( 100) Medical records 

Screening data 
ECG II 025 (37) Tech 
Pul. function 10 632 (35) Tech 
History 5 752 (19) Patient 
Vital signs II 025 (37) Tech 

Heart cath lab 993 (100) Physician 
ECG (on ward) 2 573 (70) Tech at bedside 
Pulmonary function 710 (100) Pul. fctn . tech 
Blood gas 27 684 (100) Tech 
Medications and 

allergies 20 256 (85) Pharmacist 
Monitoring 

ICU I 052 (90) Monitoring tech 
CCV 725 (100) Monitoring tech 
Surgery (open heart) 568 ( 100) Monitoring tech 

Lab data 27 100 (90) Lab tech 

Urinary catheter 4 800 (100) Tech 
surveillance 

Surgery codes II 453 (100) Medical records 

Discharge diagnosis 30 140 (100) Medical records 
and abstracting 

How 
(Terminal 

or When 
Automatic) Ente red 

T Most within I 
h of admit 

T Within 24 h 
of admit 

A Real time 
A Real time 
T Real time 
T Real time 

T . A Real time 
A Real time 
A Real time 

A.T Real time 

T Real time 

T.A Real time 
T , A Real time 
T , A Real time 
T , A Real time, when 

test results 
verified 

T Within 30 h of 
special collection 

T Within 24 h 
of surgery 

T Within 10 days 
of discharge 
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Results 

Expe ri ence in the clinical setting with com
puterized decision maki ng has all been positive. 
Physicians and nurses who once were threatened 
by the thought of a computer .. taking over .. now 
are comfortable and appreciate the interpretation of 
the data made available to the m by the computer. 

Two examples wi ll illustrate the response and 
effect of the computerized decision-making sys
tems. 

Blood Gas l11terprerarion 
Wit h even the re la tively simple inte rpretations 

provided for blood-gas data, physician response has 
bee n enthusiastic and patient care changed as a 
result ( 16). T he · · rules .. for compu terized blood-gas 
interpretation have now been formalized into a re
gional standard for interpretation ( 17). With the 
data readily available in dicating .. severe hypox
e mia .. on patients the medical staff of the pul
monary fun ct ion laboratory started following up 
by calling physic ians. Their calling was done tw ice 
each day. During a 3-week study period during 
which blood samples drawn from cardiac arres t pa
tients were exc luded 13% of the samples take 01 re
vealed severe hypoxe mia . Of the phys ic ians who 
were alerted 35% were unaware of the resu lts and 
of the 96 notified 31 % took action, which was ef
fected because of the laboratory phone call . In 
18.6% of the cases the problem was corrected. 
Since thi s act ivity was carried o ut on ly twice a day 
there were six times when over 5 h had e lapsed 
from the time of measurement until the physician 
was contacted. Even with these long delays the 
feedback was he lpful a nd appreciated. One o utpa
tient curiP.g this time interval was found dead in the 
morning after blood-gas results showed severe 
hypoxe mia. T he patient's physician was notifi ed 
the previous afte rnoon after being alerted that the 
patient was severely hypoxic but was unable to 
contact the patient. 

Based on these results a faster contacting mecha
nism was implemented. T he blood-gas technicians 
now contact the nurse or physician any time a se
vere hypoxemia is detected. Q uantitat ive results 
evaluat ing this procedure change are not avai lable, 
but the feedback obtained by blood-gas tec hnic ia ns 
fro m physicians a nd nurses has been positive. 

Pharmacy 
Our experience wi th monitoring of d rug alerts 

has been similar where a bout 5% of the patients 
have drug alerts. Of these alerts , the majority were 
a result of contraindications beca use of laboratory 
results. When a drug a lert occurs a clinical pharma
cist follows up by verifying the alert a nd contacting 
the staff physic ia n. Nearly 80% of the contacts 
result in changed patient treat ment ( 19). 

Fro m these experiences we have learned that: 

(I) Nurses a nd physicians a pprec iate the ass is
tance the computer system can give. 

(2) The computer system can have a positive 
impact on patient care. 

(3) The perso na l contact of a laboratory tech
nic ian or c linical pharmac ist is more effec
tive tha n just printed reports a nd is better 
received tha n co ntac t from a nother physi
Cian. 

Sir!ce many of the acute incidents occur in no nin
tensive care areas within a hospita l we are in the 
process of implementing a hospital-wide mo nito ring. 
system to minimize the number of crisis s ituations . 
Stati s tics show that most of th e pa tie nts who go to 
o ur medical-surgical intensive care unit come from 
within the hospital. whil e most of those who go to 
the coro nary care unit come from the emergenry 
room. Anecdotal information indicates that there 
are seve ral cases where patients should have been 
admitted to the intensive care unit soo ner tha n they 
we re . We a re in the process of setting up a data 
gatheri ng scheme so add itio nal pa tie nt information 
can be input to the computer a nd ac ute crisis s itua
tions on hospital wards minimized. With this hospi
tal surve ill a nce system we hope to alert the a ppro
priate personnel earlier than at prese nt a nd thus 
decrease the numbe r of in-hospita l e me rgencies. 
The fl ow c hart shown in Fig. 3 shows how the 
system operate s. New data act ivates the HELP 
system. If the data does not warrant a n "alert" it is 
interpreted and stored for review. If it results in an 
alert t he printer a t the nurse clinicia n sta tion prints 
the "alert" message. T he nurse clinician the n per
sona ll y fo llows up the alert a nd determines its valid
ity by evaluatio n of the patient and the data. If the 
" alert" is not valid the erro r is noted . If the "alert" 
is valid several suggestions are made. These sug
gestions a re fo llowed up to ascertain the utility of 
the syste m a nd to assess it s value to the patient. 

Discussion 

The rationale for this computerized approach to 
acu te care is tha t : 

( I) Prompt tra nsp ort and tra nsfe r of critically 
ill o r injured e merge nc y patients to well 
staffed intensive care units can save lives 
a nd decrease morbidity. 

(2) Early identificatio n a nd treatme nt of life
threatening problems are more like ly to end 
in a n acceptable o utcome than a las t
minute "heroic' ' a ttempt. 

(3) That algo rithms o r protocols can be devel
o ped for triaging and treating most emer
ge ncy life-threatening problems. 

( 4) That computerization of protocols a nd ap
pl ying the protocols to the hospital data 
base can detect problem pa tients earlier 
tha n the y are now being detected , thereby 
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facilitating rapid treatment and optimal 
care of the patient. 

(5) That early identification of the problems 
and more prompt stabilization of patients' 
physiological condition can result from ap
plying computer protocols . 

Based on our experience with blood gas, phar
macy and urinary catheter alerting schemes we are 
implementing a system to app ly protocols to acute 
care for the following reasons: 

( 1) Extensive computer data base already 
available for hospital-wide monitoring. A 
primary strength of the system described is 
that most of the data is collected automat
ically by the clinical laboratory. the blood 
gas laboratory , the pharmacy and by other 
paramedical personnel. Most other sys
tems require physicians or nurses to enter 
the patient data via a teletype or terminal 
before interpretations and suggestions are 
available. 

(2) Several years expenence with com
puterized intensive care units . This real 
world clinical experience has given us the 
skills to interact an interface with the com
plex medical structure of the intensive care 
unit . 

(3) Experience in developing treatment pro
tocols for the ambulatory care setting. 

(4) The HELP system for medical decision 
making is well developed and clinically op
erational. This powerful decision-making 
system will form the foundation under 
which the triage and treatment protocols 
can be easily and quickly implemented. 

(5) Experience with computer alerts has al
ready shown that prompt feedback from 
paramedical personnel such as clinical 
pharmacists , blood gas technicians and 
nurse clinicians can have a positive effect 
on patient care. 

(6) Hospital medical and nursing staff support 
and cooperation. Both of these groups have 
been supportive during the developmental 
years and in the last two years have en
couraged the planning of even greater pa
tient care computer usage. 

Conclusion 

Perhaps the most intriguing part of this entire 
project is establishing the criteria for the decision 
making. Development in this area is still in its in
fancy. However , our experience has already shown 
that a clear definition of the problem and its treat
ment implications results in more prompt and ra
tional patient treatment. By establi shing rules by 
which interpretations and treatment decisions are 
made , the data needed to make the decision is ap- · 
parent. The question of how promptly data is 
needed can then be clearly outlined. Therefore , the 
protocols can become a driving force used to de
termine what should be done about putting labora
tory data or equipment in the IC U or having it in 
the remote centralized laboratory. Primary ele
ments to consider when evaluating requirements of 
laboratory tests: (I) how promptly the data is 
needed ; (2) the cost of doing the tests; (3) what 
therapy can be effected by getting the test result; ( 4) 
what are the costs if an error is made or the labora
tory data is delayed ; (5) are the people available and 
is the medical situation such that treatments can be 
carried out as soon as the patient data are available. 

Computerized medical decision making-
especially its application to the acutely ill patient
is a technique whose "time has arrived. " As mod
ules are developed they can be implemented. It is 
not necessary that the entire knowledge of medicine 
be in the computer before it is useful. On the con
trary as new knowledge and techniques are devel
oped they can be quickly and easily integrated. For 
example, a new computerized blood-gas machine 
will be installed in our hospital soon which will 
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speed up the acquisition of thi s type data . This unit 
will allow our nurses and technicians in the inten
sive care unit to acquire blood gas data much more 
rapidly. They will not ha ve to worry abo ut going 
through complex calibratio n and equipment main
tenance procedures , since thi s is a lready built into 
the machine. 

As the state of the art of pocket calculators is 
injected into the medical computing fi e ld one has 
difficult y in projec ting the exciting advances the 
next I 0 years offer. The primary cha ll enge in apply
ing thi s new technology will be deve lopment of 
" medical ware ... The computer technology will 
likely be available before medical ex perts can de
velop suffic ient protoco ls . before all the pa tient 
data acquisition systems are de veloped, before 
methods for pre venting erroneous data from clutter
ing the patient files are developed . The ne xt 10 
years in computeri zed medical dec ision making are 
going to be stimulating and exciting ones. 
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