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New developments in I C U monitoring 
systems within the past two years 
rival the impact of the original 
systems designed for this purpose. 
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ay "intensive care monitor­
ing," and the picture that 
pops into most physicians' 
minds involves blood-pres­
sure or ECG monitoring. 
These measurements were 
certainly the focus of the 
initial monitoring systems 

introduced 20 years ago; but 
newer systems dealing with a 
much broader class of information 
are now becoming available. The 

REED M. GARDNER, Ph.D. 
Dr. Gardner is a professor of medi­
cal biophysics and computing at 
the University of Utah School of 
Medicine, and a Codirector of Med­
ical Computing at LDS Hospital. 
His professional interests center 
around the application of comput­
ers to clinical medicine, especially 
for patients who are critically ill . 
He has published several papers, 
and serves on the editorial board of 
Critical Care Medicine and the In­
ternational Journal of Clinical 
Monitoring and Computing. Dr. 
Gardner received his bachel01·'s de­
gree in electrical engineering from 
the University of Utah in 1960, and 
his Ph.D. in biophysics and bioen­
gineering from the same university 
in 1968. When not working with 
computers, he is involved with 
scouting and outdoor activities. 

36 M.D. COMPUTING 

following fictitious scenario illus­
trates the kinds of things that can 
be done with today's technology. 

Larry, a 30-year-old man criti­
cally injured in an automobile ac­
cident, is admitted to a trauma 
center. Using a computer, medical 
emergency staff order and receive 
the results of laboratory tests at 
electronic speed . Once doctors 
have determined the extent of his 
serious head, chest, and abdominal 
injuries, the patient is brought to 
surgery, then later moved to a 
shock/trauma intensive care unit 
(ICU). There, a computer monitors 
Larry's heart rate, rhythm, and 
blood pressure. A computer-con­
trolled ventilator supports his 
breathing, and a computerized 
"closed-loop" infusion pump ti­
trates a vasoactive drug into one 
of his veins. For the moment, he is 
stable . 

After two days of improve­
ment, however, computer reports 
from X-rays and the laboratory in­
dicate that Larry has pneumonia. 
Worse, he has multi-organ failure . 
To sustain his metabolism, his doc­
tors prescribe total parenteral nu­
trition (TPN) and medications 
through the computer, which 
warns the pharmacist about drug 
interactions or ·the existence of 
laboratory tests that might influ-

Photograph of a patient bedside, show­
Ing the complex setup of monitoring 
equipment. The following devices are vis­
Ible, from left to right: mixed venous 
(pulmonary artery) oxygen saturation re­
corder; finger-pulse oximeter for nonin­
vasive arterial saturation; IV pump #1; 
bedside physiological monitor measur­
ing four channels of ECG, arterial pres­
sure, pulmonary artery pressure, and car­
diac output; volume ventilator ; IV pumps 
#2 and #3; bedside computer worksta­
tion ; IV pump #4; and IV (TPN) pump #5. 
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Figure 1. Rounds Report for the example patient (Larry), showing data organized by organ system. Data Is derived from many 
sources and stored in Larry's computer database. This report Is available to physicians and nurses either on the bedside terminal 
or In the form of a "hard copy," as shown. 

Larry, a 30-year-old male, has a basal (resting) energy expenditure (or BEE) requirement of 1862 calories, and has a multi-organ 
failure (MOF) score of 6 (0 being normal). Results from the thermodilution pulmonary artery catheter Indicate that his left 
ventricular status is within normal limits. Blood pressure and arterial lactate results give the Larry a cardiovascular organ failure 
score of 1. The respiratory score Is 3, because Larry requires 50% oxygen and 15 cmH20 of PEEP yet still has a mild hypoxemia. A 
Glasgow Coma Score of 9 gives Larry a Neuro Psyc score of 1. Coagulation status, renal, fluid, and electrolyte status are adequate, 
as are the metabolic, Gl, liver, and pancreas status. Larry has an elevated white blood count and, as a consequence, an infection 
score of 1. His currently scheduled medications are listed at the bottom of the rounds report. 
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Figure 2. A twelve-hour shift report for 
the example patient. Note the physiologi­
cal data plotted at the top, with fluid 
balance information and summary labo­
ratory data at the side. Physiological pa­
rameters, recorded intermittently, are 
shown below the plots. Cardiac output 
data with interpretations are shown next, 
followed by a list of all the drugs and IV 
fluids. The "electronic" signature of the 
nurse is printed. A detailed outline of all 
fluid intake and output is presented, and 
finally the blood-gas data for the twelve­
hour period with its computer interpreta­
tion. 

ence the therapy. Larry's physi­
cian and nurse use the computer 
to collect, organize, and interpret 
his data, including clinical notes 
and observations. Thus, they nev­
er have to write on the chart. A 
microcomputer-based bedside 
monitor collects, transmits, and 
records Larry's physiological data. 
Other devices record the ventila­
tor status, intravenous fluid infu­
sion rates and volumes, and fluid 
output (urine and drainages). This 
information is automatically 
logged into the computer via a 
medical information bus (MIB) lo­
cal area network. A computer-acti­
vated nursing plan guides Larry's 
care. 

At morning rounds, Larry's 
progress and planned therapy are 
independently assessed by various 
members of the medical staff, as­
sisted by their own copies of the 
computer-generated rounds report 
(Figure 1), which is organized by 
organ system. Discussions at 
rounds are lively, since all mem­
bers of the care team can have an 
equally complete picture of the pa­
tient's state. 

The computer also generates a 
compact summary of the preced­
ing week every morning, and a 
shift report every twelve hours to 
serve as a legal and historical 
medical record (Figure 2). The 
twelve-hour report graphs the 
physiological data; summarizes 
critical laboratory data; presents 
hemodynamic and observational 
data; reports the drug, IV, and 
blood status; summarizes Larry's 
fluid balance; gives blood gas re­
sults with interpretations, and 
shows the night nurse's electronic 
sign-off. All of these computerized 
assists help the physicians and 
nurses caring for Larry, while 
simultaneously logging a ll the 
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Other 
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33°/o 
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Figure 3. Pie charts of ICU patient data used for decision making at teaching rounds 
and at the bedside. (Adapted from the International Journal of Clinical Monitoring and 
Computing, by permission [4].) 
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data for administrative (billing) 
and medical-legal purposes. 

Does this computer-based sce­
nario seem far-fetched? It isn't. 
Each of the elements discussed is 
currently operational or under de­
velopment in at least one ICU. 

THE PROBLEMS 
To sort out the present benefits of 
commercially available ICU moni­
toring systems and the potential 
impact of developmental systems, 
it is helpful to review the informa­
tion needs of the health care team. 
As illustrated by the above exam­
ple, the care of critically ill pa­
tients requires considerable skill 
and prompt, accurate treatment 
decisions. Physicians and nurses 
collect a great deal of data through 
frequent observation, regular test­
ing, and continuous monitoring of 
critically ill patients. Physicians 
generally prescribe complicated 
therapy regimens for such pa­
t ients. As a result, the physicians 
can miss important events and 
trends unless the mass of accumu­
lated data is presented in a com­
pact, well-organized form . Eco­
nomic pressures to reduce the use 
of therapeutic and diagnostic re­
sources compound the physician's 
diffkulties. 

The medical record is the prin­
cipal instrument for ensuring 
some continuity of care for pa­
tients [1]. Continuity is especially 
important for critically ill pa­
tients, who generally are served 
by a team of physicians, nurses, 
and therapists, and whose data is 
c.ften transferred from one individ­
ual to another; for instance, the 
lab tech calls the nurse on the 
ward, and the nurse reports the 
information to the decision-mak­
ing physician. Each step in this 
transmission process is subject to 
error. 

As an unifier of the care proc­
ess, the traditional medical record 
h as several limitations. First, it 
might be unavailable; or if it is 
available, it can only be used by 
one individual at one location. 
Moreover, it is often poorly orga­
nized and illegible; thus, retrieval 
of information is slow and prone to 
error. Fries has shown that in 
complicated cases, the convention­
a l medical record is less helpful 
than a structured flowchart-type 
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Figure 4. Strip recording of a bigeminy 
detected by a computerized arrhythmia 
monitoring system. 

record [2]; Whiting-O'Keefe and 
colleagues have also shown that 
structured records are easier and 
quicker to review [3]. 

While these criticisms apply to 
all patients' medical records, they 
are especially important for criti­
cal-care medical records because 
of the large amounts of data col­
lected and the time pressures on 
decisions. The importance of hav­
ing a unified patient database was 
recently demonstrated by a study 
conducted at LDS Hospital [ 4]. We 
kept detailed records of the kinds 
of data used by physicians to make 
treatment decisions during teach­
ing rounds at the bedside in a com­
puterized shock-trauma ICU [5] 
(see Figure 3). We were surprised 
to find that laboratory data was 
the information most frequently 
used to make decisions. Clinicians' 
observational data was a close sec­
ond. The information provided by 
the bedside physiologic monitor 
accounted for a much smaller per­
centage (between 13 and 22 per­
cent of the data used to make ther­
apeutic decisions). These findings 
clearly imply that data from sever­
al sources-not just traditional 
physiological monitoring devices­
must be integrated to make effec­
tive treatment decisions in the 
1CU. 
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THE ROLE OF THE ICU MONITOR 
Computers installed in ICUs pro­
vide two kinds of capabilities that 
help improve patient care: 

1. Physiological monitoring. 
Computers can acquire, process, 
store, and display data, and can 
sound alarms when continuously 

Figure 5. (A) Bedside history of a patient's arrhythmias for 10 January 1985. (B) 
Printout of the ECG and arterial pressure waveform for the ventricular tachycardia 
indicated at 12:11 in A. 
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Block diagrams of microprocessor configurations found In the latest bedside physio­
logical systems: A shows a system where a fast, powerful central processor does all 
the waveform pattern recognition and computation. B shows a system where each 
module does it own data acquisition and processing, using a less sophisticated 
central processor. 
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monitored physiologic variables 
become abnormal (as in an onset of 
hypotension or ventricular tachy­
cardia). 

2. In tegrated patient manage­
m ent. Because all da ta are avail­
able , the most advanced systems 
issue alerts and suggestions based 
on the total clinical database, just 
as monitoring systems give alerts 
on ECGs or blood pressure. 

Let's take a closer look at each of 
these aspects . 

Moni toring Physiologi cal 
Variables 

BACKGROUND OF BEDSIDE 
PHYSIOLOGICAL MONITORING 
The bedside physiological monitor 
is the cornerstone of the modern 
ICU. All of the estimated 75,000 
adult, pediatric, and neonatal in­
tensive-care beds operating in the 
United States are equipped with 
some type of physiological moni­
tor. The simplest units display the 
ECG and heart rate, and have sim­
ple htghllow-rate alarms. The most 
sophisticated monitors can also: 
analyze ECG arrhythmias, moni­
tor intravascular pressures and 
respiratory status, and measure 
art erial and mixed venous oxygen 
saturation. Arterial catheters and 
pulmonary artery balloon-tipped 
catheters are frequently used to 
measure physiological pressures 
and blood gases. Some monitors 
even compute cardiac output from 
thermal dilution curves, a process 
which formerly required special 
procedu res performed in the cardi­
ac catheterization laboratory. 

STRENGTHS OF CURRENT 
MICROCOMPUTER SYSTEMS 
The use of microcomputers in bed­
side mon itors has revolutionized 
the acquisition, display, and proc­
essing of physiological signals. To­
day, the newest commercial bed­
side monitors contain multiple mi­
croprocessors. They have more 
computer power than earlier com­
puter systems that would have 
filled a room, and they r equire less 
space than t h eir predecessors ' 
cooling fans . A discussion of how 
these signals are acquired and 
processed may be found in Gio Wie­
derhold's article, "Processing Bio­
logical Data in Real Time" (M.D. 
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Figure 7. Block diagram of the HELP 
system. 

COMPUTIN G 2(6):16-25). 
Monitoring instruments with 

built-in microcomputers have 
many additional advantages over 
their analog predecessors: 

OMMERCIAL COMPUTERIZED 
PATIENf DATA MANAGEMENf SYSTEMS 

• Systems can easily be upgraded 
by changing software programs in 
read-only memory. (Upgrading 
older systems necessitated replac­
ing the hardware, because the log­
ic was "wired in.") 
• The digital computer's ability to 
store patient waveform informa­
tion (such as the ECG) permits so­
phisticated pattern recognition. 
Older systems built with analog 
computer technology did their 
work "on the fly," with only a 
small "peek" at the patient wave­
form. 
• Signal quality can be monitored 
and maintained. For example, the 
computer can "watch" for degra­
dation of ECG skin/electrode con­
tact. If the contact is not good, the 
monitor can alert the nurse to 
change a specific electrode, thus 
assuring good signal transmission 
from skin to sensor. 
• Physiological signals can be ac­
quired more efficiently by convert­
ing them to digital form early in 

Manufacturer 

Hewlett-Packard 

Mennen Medical 

Siemens 

Number of 
Systems 

Delivered 

200 

15 

new 

Number in Cost of Each System 
Routine Use (16 beds) 

14-20 $100,000 

3 $100,000 

new $75,000 
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DATA MANAGEMENT SYSTEMS 
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Crawford Long Hospital 
Atlanta, GA 

New York Hospital­
Cornell Medical Center 
New York, NY 

LDS Hospital/University of Utah 
Salt Lake Ci ty, UT 

Maryland Institute of Emergency 
Medical Services Systems 
Baltimore, MD 

Bedside 
Monitor 

DCC 

Heart Rate 
Blood Pressure 

Master 
Communications 

Controller 

To Database 
Computer or 
Local Area 
Network 

Bedside 
Work 

Station 

Figure 8. Medical information bus (MIB). 
This is a local area network that allows 
collection of patient data from a variety of 
bedside instruments, such as ventilators, 
IV pumps, urine output measuring de­
vices, and others. 

the processing cycle, and handling 
"waveform processing" functions 
(such as calibration and filtering) 
in the microcomputer. Local com­
puter power also simplifies the 
nurse's task of operating the bed­
side monitor. 
• Pattern recognition and wave­
form feature extraction can also 
be done in microcomputer-based 
monitors. The computer can use 
waveform "templates" to identify 
abnormal waveform patterns and 
to classify ECG arrhythmias. 
• Selected data can easily be re­
tained. For example, "strips" of 
interesting physiological se­
quences-such as periods of ar­
rhythmias or m arked changes in 
heart rate-can now easily be 
stored in the bedside monitor for 
later review. Measured variables, 
such as heart rate and blood pres­
sure , can be graphed for detection 
of life-threatening time-oriented 
trends. 



MEDICAL INFORMATION BUS 
Care of the critically ill patient 
requires data from a wide varie­
ty of ·devices and instruments. 
It is not unusual, for example, 
for the patient to be connected 
to a bedside monitor, a noninva­
sive blood pressure monitor, in­
fusion pumps, a ventilator, a 
urine output system, chest tube 
drainage measuring system, 
and an ear oximeter (see Figure 
8). Each of these devices may be 
made by a different manufac­
turer, and each may have a dif­
ferent data communications in­
terface. 

To help solve the dilemma 
of manually acquiring data 
from this multitude of electron­
ic sources, a medical informa­
tion bus (MIB) has been pro­
posed to provide a local area 
network around the patient to 
acquire data from all bedside 
devices. As noted in Figure 3, a 
large amount of device-generat­
ed data can be automatically 
entered into the database via 
the MIB. Such a bus system is 
currently being developed at 
Phoenix Baptist and LDS Hos­
pitals. 

The MIB uses a master/ 
slave communications protocol 
approach (Figure 8). The MIB 
has a multi-drop (daisy-chain) 
structure, and will use a single 
shielded pair of twisted wires as 
the physical communications 

• Signal transmission is simpler 
and more reliable. Consequently, 
it is possible for a bedside monitor 
to transmit its signal to a central 
display for review by nurses or 
physicians. 
• Alarms from the bedside moni­
tor are now much "smarter," and 
therefore less often false. In the 
past, alarm systems used only 
high/low-threshold limits, and 
thus were susceptible to signal ar­
tifacts. Now, the computers and 
bedside monitors can distinguish 
between artifacts and disasters, 
and can "confidently" alert physi­
cians and nurses about problems. 
The bedside monitor may process 
many different signalsJ and can 

medium (much like a telephone 
cord). The system will run at a 
fast rate (375 Kbits/sec), and is 
self-clocking. The master com­
munications controller (MCC) 
oversees all bus communica­
tions. It accepts, processes, and 
relays information between the 
host and the MIB. It is responsi­
ble for polling all on-line medi­
cal devices and reporting signif­
icant events to the host. The 
device communications control­
ler (DCC) is the slave which in­
terfaces between the MIB and 
the particular medical instru­
ment. The DCC accepts MIB 
protocol messages, and process­
es and converts them to instru­
ment-specific codes. The DCC 
also converts the instrument­
specific outputs into the MIB 
protocol and returns a response 
to the MCC. 

The MIB uses a subset of 
the highly reliable synchronous 
data link control (SDLC) protocol. 
SDLC uses a frame check se­
quence to assure the accuracy 
of the data sent in each SDLC 
frame. This error checking as­
sures nearly "bullet-proof' or 
error-free data transmission, a 
requirement for medical appli­
cations: less than one error for 
each billion bits transmitted! 

The bus can have up to 255 
devices attached; and each de­
vice will have an identification 

use information from one signal to 
verify another-for example, by 
comparing the heart rate derived 
from the ECG tracing with that 
derived from the arterial pressure. 
Thus, the system is more like a 
human observer, who a lways 
cross-compares many kinds of re­
dundant information. 

ARRHYTHMIA MONITORING 
Arrhythmia monitoring of the 
ECG is the most sophisticated of 
the bedside monitor's tasks. Rom­
hilt reports that "people-based" 
arrhythmia monitoring is expen­
sive and unreliable, and that those 
who do it find it tedious and stress­
ful [6]. One way around the limits 

(ID) code. The current design 
concepts will allow up to 10,000 
device ID codes. Common de­
scriptors will be specified for 
each class of machine (fluid de­
livery devices such as IV pumps, 
fluid collection devices such as 
urine output measurement de­
vices, respiratory life-support 
instruments such as mechanical 
ventilators, and noninvasive 
measurement devices such as 
automatic cuff blood-pressure 
instruments). Thus, for exam­
ple, a patient might be connect­
ed to two IV pumps, one manu­
factured by IVAC and the other 
by IMED. Under host control, the 
MCC could make a request to 
each device, querying for the 
fluid flow rate. The DCC on each 
IV pump would interrogate the 
device and send the requested 
information. 

The final details of the MIB 
and its protocol are still under 
development, and will probably 
take another two or three years 
to complete. Industry-wide 
standards are essential to make 
the scheme work. 

Those interested in partici­
pating in the development of 
the standard should contact 
Ron Norden-Paul, Chairperson, 
Medical Information Bus Com­
mittee (IEEE P1073), Emtek 
Health Care Systems, 1702 West 
Harmont, Phoenix, AZ 85201. 

of human monitor-watchers is to 
buy a large central computer­
based system to do the rhythm 
monitoring. In the past, such mini­
computer-based systems cost 
$50,000 or more, and could only 
monitor 8 to 16 beds. The newest 
bedside monitors have the 
rhythm-monitoring computer 
built in. These 16-bit computers 
use "waveform templates" and 
real-time cross-correlation tech­
niques to classify rhythm abnor­
malities. 

Figure 4 shows the output of a 
bedside monitor that detected "bi­
geminy," and then provided a strip 
recording of a patient's ECG anno­
tated with the arterial and pulmo-
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nary artery pressure. The system 
also retains "copies" of these and 
other problem strips for later re­
view. Figure 5A shows a historical 
listing of important rhythms for a 
patient. A V Tach (ventricular 
tachycardia) condition was noted 
at 12:11. The nurse or physician 
can review the data as represent­
ed in Figure 5B, which shows a 
"history strip" of the identified V 
Tach, along with the simulta­
neously logged arterial-pressure 
waveform which occurred at 12:11. 
Note that the strip was printed out 
at 14:04. 

The improvements in comput­
erized arrhythmia monitoring just 
within the past two years have 
been dramatic. In fact, in three 
short years since the review of 
computerized arrhythmia-moni­
toring systems by Sanders and 
Harrison [7], the industry has 
shifted away from central shared 
systems in favor of local microcom­
puters within each monitor for ar­
rhythmia detection. Thus, many of 
the specific recommendations giv­
en by Harrison and Sanders no 
longer apply. However, their gen­
eral advice is still valid. 

Be sure to choose a vendor 
who will be in business after you 
have purchased the system. Worry 
about the availability of mainte­
nance service before you buy. In 
addition, review the training op­
portunities given by the vendors. 
Ideally, this should include on-site 
training, illustrated instruction 
manuals, and other aids. My ad­
vice is to be sure to investigate the 
capabilities of at least three manu­
facturers; and when possible, field­
test their monitors in your hospi­
tal before committing yourself to a 
purchase. 

More than 25 manufacturers 
supply bedside monitors. They in­
clude such features as non-fade 
traces, color video displays, trend 
storage, multi-lead ECG systems, 
touch screens, inter-bed communi­
cation, built-in calculator func­
tions, on-screen alarm messages, 
and telemetry. The cost of current 
bedside monitors ranges from 
about $5,000 for a simple stand­
alone bedside unit to about $19,000 
per bedside for a monitor with a 
central station (see table at right). 

Microcomputer bedside moni­
tors are based on a variety of de-
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:. EDSIDE MONITOR MANUFACTURERS 
(MICROPROCESSOR-BASED MONITORS) 
Note: Systems noted are generally for a typical bedside unit 
(no central display communications or display system) with 
ECG, respiration, two pressure channels, and a cardiac output 
module. Manufacturers' list prices are given as of March 1985. 

Company Data Scope Corp 
Location Paramus, NJ 

Phone 2011265-8800 
Contact Ted V anderWiede 

Model 2000 

Type Display moving window 
Traces 3 

Modular no 
Parameters ECG, 2 pressures; no cardiac output 

ECG Lead Fault yes 
Arrhythmia no 

Location -
Method-

Alarms yes 

Trending yes 
Limit (hrs.) 4 

No. of 
Microcomputers 1 

List Price $7,500 without cardiac output, without 
arrhythmia 

Special Features expandable, modular system; annotated 
recorder 

Company Hewlett-Packard 
Location Waltham, MA 

Phone 617/890-6300 
Contact Rich Grant 

Model 78353B 

Type Display erase bar 
Traces 3 

Modular no, but configurable 
Parameters ECG, resp, 2 pressures; no cardiac output 

ECG Lead Fault yes 
Arrhythmia yes 

Location central 
Method feature extraction & template matching 

Alarms yes 

Trending yes 
Limit (hrs.) 24 

No. of 
Microcomputers 5 



signs. Two of the more common 
designs are shown in Figure 6. 
Both make use of the latest phys­
iological waveform-pattern-recog­
nition and communications tech­
nology. Although bedside monitors 
represent a major share of ICU 
equipment cost, they provide as­
sistance in only a limited number 
of ICU medical decisions. 

Integrated Data Management 
Systems 
To assist in the majority of criti­
cal-care management decisions, 
the computer must deal with a 
large and varied flow of data into a 
patient's computerized record. 
Relevant patient data comes from 
such diverse locations as the ad­
missions desk, bedside physiologi­
cal monitors, clinical laboratories, 
radiology, and the pharmacy. Ven­
dors and developers now propose 
an integrated computerized ICU 
record to assist routine medical 
management. 

Unfortunately, most commer­
cially available integrated data 
management systems for ICUs 
have not been widely successful, 
from the point of view of either 
users or vendors. The vendors 
have tended to underestimate the 
complexity of the medical practice 
and the diversity of situations 
found in intensive-care medicine. 
Differences among hospitals have 
required expensive customization 
at each new location. Products 
have tended to focus on the acqui­
sition and processing of physiolog­
ic data without taking into ac­
count the need for a linkage to 
other sources of data within the 
hospital (see Figure 3). The sys­
tems generally have not included 
"user-programmable" functional­
ity so that each user could tailor 
the system to serve one's particu­
lar needs.' 

Rarely have any of the sys­
tems been integrated with admin­
istrative or clinical data proce­
dures. Thus, in most operational 
systems, duplicate charting is re­
quired. Most of the systems have 
not resolved the difficulties of 
manual data entry into a comput­
er; if this is to compete with a ball­
point pen and piece of paper, it 
must be simple, fast, and reliable. 
Finally, most of the systems have 
not provided integrated databases 

BEDSIDE MONITORS 

List Price 

Special Features 

Company 
Location 

Phone 
Contact 

Model 

Type Display 
Traces 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

Special Features 

Company 
Location 

Phone 
Contact 

Model 

Type Display 
Traces 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

Special Features 

Company 
Location 

CONTINUED 

$7,090 without cardiac output, without 
arrhythmia 

bed-to-bed commo network; softkeys; 
functionally modular 

Hewlett-Packard 
Waltham, MA 

619/890-6300 
Rich Grant 

78534B 

space bar 
4 

yes 
ECG, resp, 2 pressures; cardiac output 

yes 
yes 
central 
feature extraction & template 

yes 

yes 
24 

6 

$17,847 without arrhythmia 

24-hour database with trend or tabular, 
plug-in database module 

Honeywell Medical Electronics I Pleasantville, NY 

914/769-6700 
Steve Pontzer 

RM 300 

moving window & erase bar 
3 

yes 
ECG, 2 pressures 

yes 
to be announced 
bedside 
? 

yes 

yes 
2 to 24 

1 

$6,400 without cardiac output, without 
arrhythmia 

modular concept; long-term power; fail 
protect; hard & soft keys; powerful but 
small 

Kone Instruments 
Bensonville, IL 
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BEDSIDE MONITORS 
or decision-making capabilities. 

In a few institutions, the sys­
tems have been deemed successful 
[8]. The common denominators of 
these "successful" systems were : 

• The medical staff generally rec­
ognized the need for computers 
and were committed to making 
them work. 
• A powerful physician/advocate 
of the computer system ·served as 
its manager. 
• The system not only met the 
needs identified before the instal­
lation, but accommodated addi­
tional changes. 
• The hospital staff were properly 
oriented and trained in the sys­
tem. 
• The systems were extremely re­
liable. 

But despite large investments by 
many capable and reputable com­
panies, patient data management 
systems have not achieved signifi­
cant market penetration, as shown 
in the list on page 43. Therefore, 
several manufacturers are now 
stepping back to take a broader 
look at the needs of the entire hos­
pital before investing further in 
ICU patient management sys­
tems. From our successful experi­
ences in applying computers to 
ICU patient management [5, 8], it 
is clear that a certain "critical 
mass" of data is required before 
this kind of system can be success­
ful. 

AN EXAMPLE OF A SUCCESSFUL 
SYSTEM 
LDS Hospital in Salt Lake City 
provides an example of an ad­
vanced application of an integrat­
ed ICU patient data management 
system. This system was not an 
overnight accomplishment, but 
rather the result of a lengthy proc­
ess (the initial computer monitor­
ing having been begun in the late 
1960s). Here, we use a large inte­
grated database system called 
HELP [9] . Our 64 intensive-care 
beds have computerized bedside 
monitors-forming a local data­
base-and are connected to the 
HELP decision-making system (see 
Figure 7 and page 37). A net­
work of computers acquire and dis­
tribute more patient information. 

Physicians use the rounds re­
port (Figure 1) extensively in daily 
teaching rounds, and at other 
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Phone 
Contact 

Model 

Type Display 
Traces 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

Special Features 

Company 
Location 

Phone 
Contact 

Model 

Type Display 
Traces 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

Special Features 

Company 
Location 

Phone 
Contact 

Model 

Type Display 
Traces 

CONTINUED 

1-800-323-4306 
Jeff Mosdale 

565 

moving window & erase bar 
up to 6 

yes 
ECG, resp, 2 pressures; cardiac output 

yes 
yes (future) 
central 
correlation, template 

yes 

yes 
3, 9, 27 

1 

$15,420 without arrhythmia 

multicolor display; configurable, patient 
data management 

Kontron Medical 
Everett, MA 

617/389-6400 
Larry Liebman 

Superman 721000 

moving window 
5 

yes 
ECG, resp, temp, pressures 

yes 
to be announced 
bedside 
variant 

yes 

yes 
2 or 8 

4 

$10,000 without cardiac output, without 
arrhythmia 

modular; up to 15 parameters; variant 
alarm identification; snapshot of all 
parameters on alarm; clinical status 
display 

Litton-Datamedix 
Sharon, MA 

617/389-6400 
Paul Hughes 

SMC 108 

moving window 
4 



times when data must be quickly 
reviewed and therapeutic deci­
sions made. With a few keystrokes, 
physicians in our ICU can obtain a 
patient'$ summary in less than a 
minute. Because of the conve­
nience of the CRT review, physi­
cians routinely review the pa­
tient's course through the comput­
er rather than a chart. The 
computer a lso produces sugges­
tions about contraindicated drugs 
at the time they are being ordered, 
calculates cardiac function and in­
terprets blood gas measurements 
using medical knowledge con­
tained in the system, and suggests 
the best and most effective antibi­
otics when positive microbiologic 
culture results are reported. 

RECOMMENDATIONS FOR 
INTENSIVE CARE-CAN THE 
COMPUTER HELP? 
Based upon the monitoring, inte­
gration, and decision-making func­
tions provided by the computer, we 
have asked ourselves, "Has the 
computer system really affected 
patient care?" A secondary but 
more profound question is "How 
do you show that the ICU itself is 
effective?" 

A recent consensus conference 
on Critical Care Medicine, spon­
sored by the National Institute of 
Health, provided insight into the 
application of technology to the 
problems of the critically ill [10]. 
The conferees found evidence that 
ICU care can be life-saving to pa­
tients with acute reversible dis­
eases (such as respiratory failure 
from drug overdose, or cardiac 
conduction disturbances amenable 
to pacemaker therapy), as well as 
patients with septic or cardiogenic 
shock, and patients who have just 
recovered from major surgery or 
who suffer from acute myocardial 
infarction. 

The saine technology-assess­
ment conference pointed out that 
technical difficulties, errors in 
data interpretation, and increas­
ing interventions induced by con­
tinuous monitoring are potential 
iatrogenic hazards for ICU pa­
tients. 

THE FUTURE 
Both the cost and size of computer 
hardware have decreased dramat­
ically in the past several years, a 

BEDSIDE MONITORS 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

SpeCial Features 

Company 
Location 

P hone 
Contact 

Model 

Type Display 
Traces 

I 
Modular 

I Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

Alarms 

Trending 
Limit (hrs.) 

No. of 
Microcomputers 

List Price 

Special Features 

Company 
Location 

P hone 
Contact 

Model 

Type Display 
Traces 

Modular 
Parameters 

ECG Lead Fault 
Arrhythmia 

Location 
Method 

CONTINUED 

yes 
ECG, resp, temp, pressures; cardiac 
output 

yes 
to be announced 
bedside 
template matching 

yes 

yes 
2, 8, 24 

6 

$12,800 without arrhythmia 

advanced data processing; trend & 
tabular reports 

Marquette Electronics 
Milwaukee, WI 

414/355-5000 
Phil Weinfurt 

7000 

moving window 
4 

yes 
ECG, resp, pressure; cardiac output 

yes 
yes 
bedside 
cross-correlation & feature extraction 

yes 

yes 
24 

3 

$13,500 

multi-lead ECG; bedside arrhythmia; 
soft keys 

Mennen Medical 
Clarence, NY 

7161759-6921 
Dan Schelk 

Horizon 2000 

erase bar 
4 

no 
ECG, resp, temp, 2 pressures; cardiac 
output 

yes 
yes 
central 
feature extraction 
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BEDSIDE MO"ITORS CONTINUED 
trend expected to continue in the 
future. Thus the proliferation of 
personal computers into the ICU is 
inevitable. With the recent intro­
duction of cost-effective local area 
networks (LAN s) for personal com­
puters, new communication links 
will be established, encouraging a 
further integration of ICU patient 
recordkeeping. Closed-loop thera­
peutic devices, which use a com­
puter to sense a physiological vari­
able and control it by altering 
therapy, are now being applied in 
the ICU. These systems work well 
under a wide range of clinical situ­
ations, and provide better patient 
control while saving nursing time. 
Several investigators are working 
to apply closed-loop control to a 
variety of ICU problems. 

COMPUTERIZED DECISION-MAKING 
The ultimate goal of a medical 
computer system is, after all, to 
assist physicians in making medi­
cal decisions. Computers can be set 
up to apply rule-based logic to pa­
tient care. Early work in this field 
has led to some simple but helpful 
data interpretation and alarm pro­
tocols [11]. In a sense, we are now 
at the same stage of generating 
alerts from the integrated data as 
we were twenty years ago with 
physiological data. Just as the 
computer filled that need, it seems 
probable that automated decision­
making will gain acceptance to the 
point that it becomes indispens­
able. 

Computer software tools and 
strategies are emerging for use 
with decision-making or "intelli­
gent" systems. Many medical mis­
takes appear to be due to errors 
associated with simple clinical 
events, which could be avoided 
with computer-aided decision mak­
ing. Data indicate that application 
of clinically relevant medical 
knowledge is frequently lacking 
because of ignorance or the inabil­
ity to process all the patient's data 
[12]. The computer should be able 
to assist physicians in making 
their actions consistent with their 
medical knowledge. The challenge, 
of course, is to develop good medi­
cal logic that can be applied in 
something beyond trivial demon­
stration situations. This require­
ment again parallels the improved 
"robustness" that has developed 
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Alarms yes 

Trending yes 
Limit (hrs.) 1, 8, 24 

No. of 
Microcomputers 1 

List Price $8,500 without arrhythmia 

Special Features color display; multi-lead ECG; 
hemodynamics calc; advanced BP 
algorithm 

Company Nihon Khoden (America) Inc. 
Location Irvine, CA · 

Phone 1-800-325-0283 
Contact Dennis J avens 

Model OMP 7201C 

Type Display moving window 
Traces 4 

Parameters ECG, resp, 2 pressures, arrhythmia 

ECG Lead Fault yes 
Arrhythmia yes 

Location bedside 
Method correlation, feature extraction, & template 

Alarms yes 

Trending yes 
Limit (hrs.) 2, 4, 8 

No. of 
Microcomputers 1 

List Price $9,600 
without cardiac output 

Special Features multiple-channel telemetry transmission 
from patient to monitor; arrhythmia 
detection 

Company Siemens Medical Systems 
Location Iselin, NJ 

Phone 201/321-4500 
Contact Andy Levy 

Model Sirecust 404-1 

Type Display moving window, space bar 
Traces 4 

Modular yes 
Parameters dual ECG, pressures; cardiac output 

ECG Lead Fault yes 
Arrhythmia yes 

Location bedside 
Method feature extraction & template 

Alarms yes 

Trending yes 
Limit (hrs.) 2 to 24 

No. of 
Microcomputers 4 



in the arena of physiological moni­
toring. 

CONCLUSION 
Recently Dr. John J . Osborn com­
pared the practice of medicine to 
driving an antique car [13]. "My 
grandfather had such a car," he 
said, "a 1908 curved-dash Oldsmo­
bile. Since it took all his skill just 
to start and drive it, he hired a 
chauffeur, but not even the chauf­
feur was able to keep it running all 
of the time." Osborn's grandfather 
then faced the dilemma of whether 
to upgrade the chauffeur's train­
ing or hire a better-trained man. 
The question, however, soon be­
came moot, as automobiles were 
developed whose parts and func­
tions were so integrated they took 
over most of the small, finicky 
functions that the chauffeur used 
to cope with: advancing the spark, 
adjusting the jet, closing the 
choke, and so on. The new automo­
biles -let the driver concentrate on 
the driving. 

Today, we find ourselves in 
much the same position as the 
owner of the 1908 Oldsmobile. (Will 
newer computers themselves take 
over the small, finicky functions 
we chauffeurs-! mean physi­
cians-must now cope with?) We do 
need to harness computers to help 
us manage the mass of detail re­
quired to operate a modern ICU. 
Computers, like Oldsmobiles, are 
only vehicles for getting us where 
we want to go. We must find a way 
to use the computer effectively as 
a tool-a tool that will assist us in 
integrating, evaluating, and sim­
plifying the necessary data while 
we use our human skills to make 
our care more personal. 0 
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List Price $15,685 

Special Features software-driven; distributed processing ; 
electrically isolated modules; built-in 
arrhythmia 

Company Spacelabs 
Location Bellview, WA 

Phone 1-800-423-5037 
Contact Bill Sundheimer 

Model Alpha PC 

Type Display moving window 
Traces 5 

Modular yes 
Parameters ECG, resp, pressure 

ECG Lead Fault yes 
Arrhythmia to be announced 

Location central 
Method cross-correlation & feature extraction 

Alarms yes 

Trending yes 
Limit (hrs.) 1, 2, 6, 12, 24 

No. of 
Microcomputers 7 

List Price $16,500 without cardiac output, without 
arrhythmia 

Special Features IBM-PC programmability; software­
driven; touchscreen; anticipatory 
programming; communications network 
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