
COMPUTERIZED PATIENT MONITORING AT LDS HOSPITAL--AN EVALUATION 

Reed M. Gardner 

During the past four years a computerized intensive 
care monitoring system has been operational in five 
hospitals in the Salt Lake City area under the spon
sorshipofthe Intermountain Regional Medical Pro
gram . E xperience in' these five hospitals with more 
than 3, 000 patients has given us some insight into 
the value of computerized intensive c are monitoring. 
The monitored patients have included post-vascular 
surgery patients, patients in the coronary ca r e units 
following myocardial infarction, and patients in a 
general surgical unit following various types of sur
gery and trauma. This variety in class of patients 
is probably greater than that seen in any other com
puterized intensive care facility. 

Figure 1 shows the 24 terminals connected to the 
clinical system . The system is capable of operating 
these terminals in a time-sharing, real-time mode. 
An expansion program will extend the number of al
lowable terminals to 64 within two months in an ef
fort to satisfy demands and to more effectively use 
the system and make it more economical. The 
flexibility of this system has made it useful for mul
tiple applications. Although there are 24 terminals 
presently connected to the system, only 11 are able 
to run simultaneously with present memory limita
tion. If more than 11 users want to run at the same 
time, the user who has been the least active will 
have his program swapped out on magnetic disc 
where it will remain until he requires service again, 
(in which case he will be swapped back into memory 

and another user will be swapped out of memory. 
System back-up is provided with a second computer 
which is also used to develop and process data from 
research applications ,such as experimental animal 
laboratories and other experimental facilities (for 
example, those described by Dr. Clark and Richard 
Robb at this symposium). 

In order to implement the system in multiple hospi
tals, it has been necessary to develop a terminal 
and communications scheme as shown in Figure 2. 
As can be noted from Figure 1, approximately half 
the terminals are on a communications link, either 
through private line connections or using dial-up 
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Fig. 1. Term inals Connected to Clinical 
System. 
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telephone lines. The dial-up network has added Analog Lire 

flexibility to our system since the computer can be 
run from anywhere that dial-up communications 
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Fig . 2. Communication Hookup. 

facilities are available. This has b een ampl y demon
strated by a member of the Regional Medical Pro
gram staff who has demonstrated operation of a tu
mor registry program from New York, Los Angeles, 

--



and various other places in the United States. Limi
tation to three channels of analog information has 
made us very selective in the choice of signals to be 
processed and also in the method by which data is 
preprocessed at the terminals. 

One of the outgrowths of the communication limita
tion is the concept of multiplexing within the inten
sive care unit, as indicated by Figure 3 . Three sig
nals from each bedside unit are brought to a central 
terminal within the ICU for display and retransmis
sion to the central processing facility. The central 
facility is abl e to send control and switching in
fo rmation back to the bedside unit to contro l the 
multiplexing and service a larms . Experience with 
both four and six-bed multiplexing confi gurations 
indicates that the four-bed configuration is optimal 
where entry of a reasonable amount of comment 
information is expected . The multipl exing scheme 
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will not permit continuous monitoring of a ll the 
patients, a practice we have tried but found to be 
very expensive in terms of computer and communi
cations time. Therefore, iS-minute scheduled 
samples are taken for routine monitoring. Data can 
be taken at a 2 -minute interval for a critical period . 
Manual intervention at any desired time is also 
allowed. 

The signals measured at each bedside are as fol
lows: 1) Central arterial pulse waveform from a 
transducer attached to the arm and a catheter fit, 
usually through the radial artery, into a central 

arterial location; 2) e l ectrocardiogram using a 
Marriott modified chest lead system; 3) venous 
pressure, measured using a Statham P23V attached 
through a central venous line . The third line is 
a ls o used intermittenly for dye dilution curves. 
(It is presently being used extensively for this 
purpose.) 
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Fig. 3 . Central Multiplexer Block Diagram . 

152 



Fig. 4. Results of a "Measure Once". 

A major problem with this or any computeriz ed 
system is to assure sig nal quality at the transducer 
or pati ent attachment . In order to assure this qual
it y , the following steps have been taken: 1) The in
formation is displaye d at the bedside unit for a qual
ity check at the time catheters a nd transduc e rs are 
applied to the patient. 2) A continuous flush system 
has been developed for flu shing the ce ntr a l arteri a l 
line and determining signal quality at the b e dside. 
3 ) High quality stabl e pr ess ur e amplif i ers in the 
bedside units are us e d to minimiz e e l ectrical arte 
facts, such as drift and e l ectrical noise. 4) A 
switching scheme has been d evelope d for monitoring 
central venous p r e ssure which allows one central 
venous line to be used for both I V infusion and me as 
urement of central venous pressure. 

COMPUTER PROCESSING 

The central computer p r ovides the fo llowing s i g nal 
processing and da ta processing functions . 

A. The pres sure pul se method d evelo pe d by Warner 
and others is us e d to measure stroke volume from 
central arterial pul se contour. It a llows the me as
urement, from computer pattern r ecognition and 
computation , of the following average var i ables fo r 
1 6 heart b eats: 1) Stroke volume; 2) heart rate; 
3) cardiac output; 4) duration of systole as a per 
centage of the normal duration for that h eart rate ; 
5) pe ripheral v as c ular r es i stance; 6 ) systolic pres 
sure in mmHg; 7) di asto lic pressure mmHg; 8) 
mean systemi c pressure mmHg. Othe r programs 
are being developed to obtain other parameters r e 
lating to the wave shape. 
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B. Venous Pressure : The venous pressure s i g na l 
i s sample d by the computer at the same time arte 
rial pressure is taken . Cardiac variations in the 
venous pressure are e liminated using timing in
format i on f rom the arte ria l pul se wave. The fol
low ing thr ee parameters a r e then derived from the 
venous pressure: 1) Mean central venous pressure 
in em of water; 2) respiratory rate in breaths/min. 
(Since data is collec t e d ove r 16 heartbeats, this is 
usually a measurement based on two to three re
spiratory cycles ); 3 ) respiratory amplitud e in 
mmHg, whic h is a measure of change of intra 
thoracic pressure w i th eac h breath. F i gur e 4 shows 
a scope display of data der ivabl e from the a rte ria l 
and venous pressure sign a ls. 

C. ECG Signal: ECG sign a l s have b ee n us ed for a 
vari ety of things in d evel opment of the program . 
Our most recent utilization h as been in determining 
changes in rhythm betwe e n ordi nary 15-seco nd 
sampling i ntervals . The signal is a lso us ed t o 
driv e a beds id e rate alarm as a continuous a l arm 
system . 

D. D ye dilution curves are easil y run utiliz i ng the 
system by using th e capabilit i es of the cath ete riz a 
tion l aboratory d ye dilution programs from any of 
the inte nsive care b e ds. 

E. Blood gas informati on is e nte r e d either semi_ 
automati cally or manually from a t e rminal in the 
pulmonary functi on labora tory a nd i s a utomatically 
e n tered into the unifie d pa tie nt file b y pati e nt num 
b e r. If a l a r m c onditions exi st, a warnin g light will 
indicate in the appropr i ate IC U b e d. 

F. Comment Entr y: Entry of a vari e ty of com 
ments for keepin g a n ear ly compl ete med ical r ecord 
on the patient is availab l e throu gh entry of a fo ur
d i git comment cod e at the centr a l console . Pri mary 
entries are e ntry of I V fluid intake and outputs as 
we ll as drugs and l aboratory informa tion, t empe r a 
tur es ,and othe r pa ramete rs whi c h a r e not a utoma 
ticall y entered into the system . A vari ety of d i s 
plays and informati on are availa ble . The most fre
que ntly utiliz e d ones a r e th e ! 'meas ur e o n ce " op
tion shown in Figur e 4 ; the "las t measurement " 

option as shown in Figur e 5; the bar g r aph dis pl ay 
which shows l ong -te r m s i g nal trends as shown in 
F i gur e 6 . Multiple other r evi ew opti ons are a l so 
availabl e ; e . g ., Figur e 7 shows a display of the 
l ast nine heart rate r eadings a l ong w ith the ir 
time -of - measurement . 

G . To summarize informati on fo r e i ght -hour shifts, 
a shift report as shown i n Figure 8, i s generat ed . 



BED 2 TIME 17.13 
BP I I I/ 75 17 . 12 
HR 95. 17. 12 
co 5.6 17.12 

. RST I 2. 6 I 7 . I 2 
VP 9 . 5 18. D 
PH 7.35 15.30 
PC02 35.5 0 15.30 
P02 89 . 2015.30 
1<: 5.2 10. 0 
UO D. I 4 . 30 
CFB D. 15. 0 
RTHPIDI .4 18. D 
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F i g. 5 . Review of Latest Information . 
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Fig . 6. Bar Graph Display of Mean Arterial 
Pressure . 

SYSTEM UTILI ZATI ON 

Figure 1 shows the hospital and type of ICU in which 
each of the 43 inte nsive care beds are located. The 
utilization of the pati ent monitori ng system is rath
er diversified among the post vascul ar surgery, 
coronary care general surgery, and infant monitor 
ing . However, bas i cally the same measurements 
are made on a ll patients since they are all in critic.. 
cal condition,and cardiovascular moni toring is very 
important i n any of these c l asses of pati ents. The 
system is oriented around a phys i cian-techni cian 
nurse team to provide therapy and care for these 
critically ill patients. 
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Fig. 7. Review Opti on Showi ng Last 9 Heart 
Readings. 

In order to impl ement the system on a 24-hour - a 
day basis, it has been necessary to empl oy techni
cians to i nterfac e between computer operation and 
the nurse and staff operation i n the units. These 
tee hnicians perform a variety of functions, such as 
assur i ng signal quality, watching for arrythmias, 
generation of reports, entry of nonautomatic physi 
ologic data,as w e ll as helping the nurse in a variety 
of situations, such as moving or wei ghing patients. 
These techni cians, who are typi cally college stu 
dents with an interest i n medicine, have proved to 
be a valuabl e part of the operating system and are 
well accepted by both the nurses and physicians . 

Nurses provide the care in most of these units s i nce 
physicians are i n the units for such a short time 
during the day. Therefore, nurses must make 
clinical decis i ons and get approval from the physi 
cian in order to impl ement various types oftherapy . 

The system has evolvec] from a research oriented 
operation to a clinically oriented operati on, as evi
denc e d by the LDS Hospi tal utilization over the past 
five months shown in Tab l e 1 . There are several 
research projects still going on, and as new and bet 
ter instrumentation and phys i ologic measures become 
availab l e, they will b e incorporated. 

A unique feature of the system i s that i t i s capable 
of monitoring patients in surgery and providing con
tinuity of data after the transfer of the patient from 
surge ry to the ICU . Presently, the system is i n 
operation in thr ee surgical suites, as shown in F i g
ure 1 . 
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TABLE 1. Summary of Occupancy and 
Utilization of Computerized 
ICUs at LDS Hospital. 

Pts . with catheters 
Total 

Pt. Ave. ~ 
Pts . ~ ~ ~ 

Sept. 19 127 6 . 6 ll7 

Oct. 25 84 3.3 128 

Nov. 46 5. 7 104 

"""'· 37 4.6 155 

Jan. 10 72 7.2 132 

TOI'Al 70 366 5 . 2 636 

Il1it Occq::lanc.y t 71% 

Average Ptsj))ay 4.2 

Ave.rag= Pts/Day 
with Catheters 2 . 5 

% catheters in 
Unit 58% 

OJRNARY CAR£ 

4 Beds 

Pts. \ilth catheters 
Total 

Pt. Ave . ~ 
Pts . ~ ~ ~ 

13 36 2. 7 98 

10 30 73 

17 43 2.5 90 

16 64 101 

36 104 

65 209 3. 3 466 

78% 

3.1 

1.4 

45% 

PC6T VASa.lLAR St..JRG:;RY 

10 Beds 

Pts. with ca t.'1eters 
Total 

Pt. Ave. ~ 
Pts . ~ ~ ~ 

32 96 141 

33 ll6 3.5 199 

19 81 4.2 171 

26 99 3.8 176 

23 77 3.3 195 

133 479 3 . 6 882 

59% 

5 . 9 Average 
Total 

3.2 7.1 

54% 

System complications have been few, but they are 
very annoying. The problems have been involved 
with the following: 1) System downtime as a result 
of disc memory problems; 2) computer downtime as 
a result of central processor breakdown; 3) system 
downtime as a r esult of air conditioning failure. Al
though each of these has been very small in r e lation
ship to total operating time, a system downtime at 
an inappropriate time makes data unavailable for the 
physician and nurse and is a very distressing con
dition. System reliability is relatively good, yet 
not perfect. In the past six months the system has 
been out of operation for about 70 hours for all 
causes; i . e . , failures, preventive maintenance, 
equipment cleaning, etc. 

Complications due to ECG lead placement, catheter 
placement and bedside equipment failure have been 
minimal but are nonetheless important to consider. 
Electrode placement is still a problem in all inten
sive care units as ECG electrodes are replaced at 
least every 24 hours on all patients and more fre
quently on other patients. Catheter placement 
problems have been minimal. More than 3, 000 
central arterial catheters have been placed in the 
last four years, and only minor complications have 
resulted. As a r es ult of break in sterile technique, 
the insertion site has become infected in about 10 
patients. One thrombectomy has had to be per
formed on a patie nt ' s arm following catheter inser _ 
tion. However, indications in a follow-up autopsy of 
the patient showed that the clotting was not caused 
by the catheter but was caused by th e surgical in-
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tervention, as indicated by general arterial and left 
ventricular clots. It was interesting to note in this 
case that the surgeon immediately had a catheter 
inserted in the other arm in order to follow his pa
tient with the computerized monitoring scheme . 
Minor problems with catheter clotting, waveform 
damping, and other catheter problems have been 
kept to a minimum by using a continuous flush sys
tem . One problem which continues to plague us is 
bending of the arm at the elbow by about 10o/o of the 
patie nts, causing the arterial catheter to kink and 
the waveform to be damped . A simple arm restraint 
is the best current solution to this problem, and has 
worked out well in most cases. Until r ece ntly, cen
tral venous pressure measurement has b ee n imprac 
tical since only one IV line is available . Implemen
ting the following scheme has made it more practi
cal. A computer controlled switch turns off the IV 
drip for a period of not more than 20 seconds (local 
hardware controlled). This switching eliminates 
pressur e er rors due to IV flow. By placing the 
transduce r (Statham P2 3V) on the chest the usual 
error caused by change of patient position is 
minimized. 

NURSE-PHYSICIAN - TECHNICIAN EVALUATION 

Over the past few months a concerted effort has 
been made to evaluate nurses', technicians ' and 
physicians' r es ponse to the system. This system is 
unique in that we are involved with multiple inten
sive care units with multi pl e types of critically ill 
patients, yet all are monitored by the same me as
urement techniques. At the Latter-day Saints Hos
pital there are 40 physicians who, in the past five 
months, have admitted patients to these units, with 
ten physicians accounting for about 75o/o of the pa 
tients. There are 60 intensive care nurses and 15 
computer technicians who work with the patient 
monitoring system . The proble m of training and 
alerting all concerned has been a major task . Re
cent training sessions with the nurses and techni 
cians have proved to be most valuable as evidenced 
by an increased utilization of available information. 

Training and utilization of the system by the out
lying hospitals has b een a continuing process. W e 
are still deeply involved as new physicians and 
nursing personnel are employe d at these hospitals . 
The training of and utilization by personnel who are 
not actively and r egularly involved in computer 
monitored units has been a major problem and will 
continue to be a challenge . Despite the capabilities 
of this system, if the people who are using it do not 
understand its capability and don ' t know how to use 
the information which it makes available, the system 
will be useless. Ther efo re, major emphasis, at 
present, is to train physicians, nurses and t ec hni
c ians in these facilities to b e tte r utilize the informa
tion that the system can presently make available 
to them . 



A recent survey of the 40 physicians and a patient 
by patient survey of the technicians and nurses in 
the intensive care units has shown the following: 
1) For all those patients monitored with catheters 
and ECG leads,the system is used, without e~ception, 
as a measure of vital signs. Occasionally a cuff 
pressure will be taken just to assure the nurses 
there are no mechanical problems, but the system 

reliability is such that the nurses use the system 
almost entirely for measurement of rate, blood 
pressures, and other vital signs. 2) The system and 
its alarming c;;.pabilities are utilized in almost every 
patient to indicate changes in therapy or to warn of 
an impending crisis. Utilization of computer alarms 
to effect therapy is one of the most significant out
growths of the system. The alarms have been de
rived from a variety of parameters and have re
sulted in therapy, such as cardioversion, drug ad
ministration, fluid infusion, blood transfusion, and 
surgical intervention. For the 47 patients studied, 
an average of two life -threatening alarms were gen
erated; that is, alarms that were judged by the 
nurses and computer technicians to have been life
saving. This average of two per patient considers 
only that during an 8-hour shift one or more such 
alarms occurred. There are cases during some of 
the shifts when multiple alarms occurred but are 
documented as only one alarm. Therefore, actual 
alarms per patient stay may have averaged as many 
as four. Criteria for alarms are as follows: 

A. Stroke volume, heart rate and mean arterial 
pressure are used for hemodynamic alarms. 

B. The bar graph routine shown in Figure 5 is used 
for two types of alarms, one showing a drastic 
change and the other showing a trend. The criterion 
for the drastic change alarm is a percentage change 
of greater than 20o/o in the last measurement as com
pared to the average value over the last hour. For 
the trend change, if a 10o/o change has occurred with
in the last half hour, and this change is in the same 
direction as the change within the last hour, then a 
trend alarm is indicated. 

C. Alarms are also used for blood gases if the pH 
is out of the range 7. 35 to 7. 45, or if the pC02 is 
out of the range of 30 to 50 mmHg. The p02 is a 
more complex scheme indicating hypoxia and oxygen 
poisoning with various time factors. 

There are documented cases where the computerized 
alarm system, without doubt, alerted personnel to 
difficulties that would not have been detected by cur
rently used nursing and physician observation, and 
have, in these cases, saved lives. Another out
standing use of the system has been in the titration 
of various drugs to control blood pressure, heart 
rate, cardiac output, and arrythmias, as a result of 
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changes noted from the computerized system. Con
trol of these patients has been simplified by ob
serving the hemodynamic effects of drug injections 
and blood and IV solution infusions. 

MONITORING COST AND COST JUSTIFICATION 

A good way to evaluate any clinical system is to 
look at its cost effectiveness. The cost part of this 

evaluation is rather easy but the effectiveness is 
considerably harder to quantify. For the present, 
for our system, physician acceptance is assumed 
to be directly related to effectiveness. A recent 
cost study of our system has shown that computerized 
intensive care costs are very large, as indicated by 
the plot of Figure 9. Information in this figure was 
taken more than a year ago. As a result of the data 
shown, sampling intervals were extended from every 
two minutes to every 15 minutes, and system soft
ware changes made to improve the efficiency of 
computer processing. The cost data shown in Fig
ure 9 is based on central processor utilization, and 
since the intensive care unit is one of the largest 
total users of computer time, this is one of the 
most expensive. For example, an average of 1800 
seconds of central processor time are used for each 
patient day in the intensive care unit, whereas only 
34 seconds are used for a complete multiphasic 
screening which includes automated electrocardio
gram, pulmonary function, patient history, and 
blood chemistry. Note from Figure 9 that the costs 
of intensive care monitoring are most dramatically 
affected by central processor utilization. During 
the past year central processor utilization ran at an 
average of about 16 or 17o/o. Based on this utiliza
tion and an 8 year amortization of computer and 
peripheral equipment, it is estimated that it costs 
$74 per patient day for computerized monitoring. 
Based on these calculations, beginning April1 of 
this year a charge of $18 per patient day will be 
made for computerized monitoring. This $18 a 
day represents 25o/o of the total possible cost based 
on last year's utilization. The expansion of the sys
tem is beihg made to increase utilization, and this 
increased utilization will have a dramatic effect on 
costs. Already the computerized capability has 
been evaluated by most of the participating hospitals 
and they are willing to pay the charge for compu
terized service. Future evaluation after the charge s 
have been implemented will provide excellent indi
cations of the value of computerized monitoring. 
Indexes such as mortality and morbidity, l e ngth of 
stay, and others, are good indicators of the value 
of the system but are also influenced by so many 
other factors that it would be impossible to verify 
which factor was the most important. Therefore, 
we feel the medical-clinical judgment of physicians 
in establishing charges for services is the best in
dex of effectiveness. 
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• NEW AREAS OF RESEARCH 

A. Computer automated blood a na lysis system 
(CABAS) described by Dr. Clark in an earlier paper, 
is one that is very exc iting, e specially in the case 
of the post vascular surgery patient and the newborn 
infant, as described by Dr. Clark. It is our hope 
that we will be able to implement this scheme in 
several of our intens ive care e nvironments . 

B. Medical Mass Spectrometer: For the past four 
months we have been using a medical mass spec
trometer dev e loped by the Perkin-Elmer Company 
for breath-by-breath analysis of respiratory gases, 
C 0 2 , 0 2 , N 2 and water, and have found some very 
interestin g information and will further utilize this 
instrument to monitor patients, especially those on 
respirators. 

C. Statham Spirotach, as described by Jackovich 
and Eberhart in another paper presented at this 
symposium, will be used in conjunction with the 
medical mass spectrometer to further evaluate the 
respiratory status of critically ill patients. The 
mass spectrometer and spirotach will be set up to 
monitor respiratory physiology in much the same 
manner as the group has done at Pacific Medical 
Center in San Francisco. 

D. Feedback schemes will be further explored to 
enable us to control blood, fluid, and drug infusions 
in a variety of patients. Expansion to other me as
urement techniques for measuring urine output and 
other physiologic parameters will greatl y assist in 

management of these critically ill patients. 

E. More sophisticated alarms based on multiple 
parameters derived from automated measurements 
and manually entered clinical findings will be used. 
Drs. Warner and ·Rutherford are presently working 
on this scheme for a coronary care unit and pre
liminar y results are encouragin g . 
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CONCLUSION 

Experience with over 3, 000 pati ents in a variety of 
intens ive care units has shown us the value of com
puterized monitoring . Further cost benefit studies 
and evaluations will be made to assure high quality 
cost effective care in these units. Present evalua 
tion evidence shows that the units are detecting and 
correcting several life -threatening conditions in a 
way that would be difficult, if not im possible, with
out the computerized system. 

The computer system is presently an integral part 
of the patient care system at the L atter-day Saints 
Hospital and will play an ever lar ge r role in the 
care of critically ill patients. 
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