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Treatment of the critically ill or traumatized patients in an 
intensive care unit (ICU) places unusual demands on nurses 
and physicians. These patients are usually admitted into ICUs 
and connected to sophisticated physiologic monitoring equip
ment. They have a wide variety oflaboratory tests performed, 
many of which must be repeated and followed for trends over 
the course of therapy. Therapy for these patients is complex, 
time critical, and requires careful documentation. Large vol
umes of data must be stored, processed, and used by nurses 
and physicians for making clinical decisions. 

Computer technology has undergone a period of explosive 
growth. We think there is nothing unusual about having a 
cellular telephone or a portable computer that fits into a brief
case. This portable computer exceeds the capability of com
puters that filled large rooms 2 decades ago. 

What has delayed applying this technology more widely to 
the care of the critically ill? We feel the reason is that the 
clinical staffs of hospitals have not actively participated in 
designing patient record systems. Our experience with a 
computerized hospital information system that grew up around 
the care of ICU patients provides some insight into the res
olution of this problem. 

USES FOR COMPUTERS IN THE 
INTENSIVE CARE UNIT 

Computers in the ICU are used to assist with four functions: 
acquiring physiologic data, facilitating data communications, 
keeping electronic medical records, and computerized medical 
decision-making. 

Expert systems that assist physicians and nurses with med
ical decision-making are becoming common and are used to 
augment caring for critically ill patients. 

ACQUIRING PHYSIOLOGIC DATA 

The use of microcomputers (like those used in personal com
puters) has revolutionized the way physiologic data are ac
quired, processed, and displayed. Most bedside monitors, pulse 
oximeters, ventilators, and intravenous pumps marketed today 
contain at least one microcomputer.1-

7 

Bedside monitors can store patient waveforms, such as the 
electrocardiogram (ECG) and arterial pressure curves, and 
permit sophisticated pattern recognition and feature extrac
tion, which was not available just a decade ago.7 Because the 
bedside monitor is computerized, it can transmit data to a 

· central patient database and eliminate the need to chart the 
data manually or plot the data on a flow sheet. Bedside mon
itors acquire, process, store, and display data. These same 
monitors record trend information and soti.nd alarms when 
life-threatening data are detected. Sophisticated dysrhythmia 
monitors and sophisticated microcomputer-based noninvasive 
devices, such as pulse oximetry, have become common.3

·
8

·
9 

None of these advanced monitoring capabilities would have 
been possible without the memory and processing power of 
microcomputers. 

In the modern ICU, it is not unusual for the patient to be 
connected to several monitoring devices, such as a pulse ox
imeter, a mixed venous saturation monitor, and a ventilator. 
The patient is probably connected to several intravenous 
pumps, a bedside monitor to measure ECG (rate and rhythm), 
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arterial blood pressure, and pulmonary artery pressures (Figs. 
151-1 and 151-2) . 

Each of these devices is currently made by different man
ufacturers, and each may have a different computer com
munications interface connector and data sharing protocol. 
To facilitate automatic data acquisition from these multiple 
devices, a standardized medical information bus (MIB) has 
been proposed. The MIB provides a local area network around 
the patient that can be accessed by all bedside devices and 
that allows data from each of the devices to be stored in a 
central database in a standard form . 1o.-14 The MIB is now being 
standardized by the Institute of Electrical and Electronic En
gineers (IEEE) so that all hospitals and device vendors can 
use a common data format and easily communicate data from 
multiple bedside devices. 

FACILITATING DATA COMMUNICATIONS 

Computers facilitate timely and accurate data communications 
from multiple sources (e.g., laboratory, radiology, admitting 
office, blood bank, surgery) within the hospital, making patient 
information more readily available. Communications is one 
of the most important tasks performed by health care profes
sionals. Data underlie every decision, and all data must be 
recorded and communicated. Often, the data are communi
cated through several people and by several media (e.g. , com
puter, telephone, written notes, printouts) before reaching 
the decision maker. Each step in the process can result in 
delays and errors, especially if handwritten records are 
involved. 

To prevent these problems at LDS Hospital in Salt Lake 
City and at several other locations, nursing and physician staffs 
have integrated the patient record into a computerized form. 
Data from bedside physiologic monitors, intravenous pumps, 
pulse oximeters, mixed venous oxygen saturation, ventilators, 
and other devices have been networked using the MIB (see 

FIG. 151 -1. Photograph of a bedside scene with bedside monitor, 
ventilator, intravenous pumps, pulse oximeters, and mixed venous 
oxygen saturation monitor. The medical devices at this bedside contain 
18 microprocessors. 

MlB MEDICAL KNOWLEDGE 

FIG. 151-2. Diagram of a data collection and decision-making system 
used in a computerized intensive care unit. Notice the wide variety 
of data sources and how data from three sources are integrated into 
one patient database . Also illustrated is a medical decision-support 
system. As data are collected, they are analyzed by the decision-making 
processor, illustrated by the ring surrounding the patient database. 
(From Gardner RM, Bradshaw KE, Hollingsworth KE: Computerizing 
the Intensive care unit: Current status and future directions. ] Car
diovasc Nurse 1989; 4:68) 

Fig. 151-2). These automated data collection schemes have 
saved time and improved the accuracy of data collected. 

Before these schemes become common, technology for 
collecting " representative and relevant data" must become 
available. Several issues must be dealt with. What data should 
be collected? How often should the data be collected?15 What 
mechanisms must be in place to collect high-quality data? 

The use of the computer to communicate and integrate data 
is illustrated in Figure 152-2. In this simplified diagram, data 
flows into the database from 18 different sources. For some 
of these sources, such as oral medication, data are manually 
entered into the computer; for others, data are electronically 
transmitted from remote locations, such as the clinical 
laboratory. 

Data used by physicians to make therapeutic decisions dur
ing physician teaching rounds in the shock-trauma ICU at 
LDS Hospital were assessed. 16 A typical rounds report gen
erated for physicians is shown in Figure 151-3. Figure 151-4 
presents a summary of the data used for ICU decision-making 
in physician teaching rounds. Notice that clinical data from 
the laboratory makes up the largest single data source (i.e., 
laboratory and blood gas data= 42%) , followed by intravenous, 
drug, and intake and output data (22%), nursing observations 
(21 %), data from the bedside monitor (13%), and data from 
other sources (2%). To be effective and complete, the com
puterized database must integrate data from many sources. 
Unfortunately, most past attempts to computerize ICUs have 
dealt only with the very limited (13%) amount of data obtained 
from the bedside monitor. 

The computer is an extraordinary tool for collection and 
integration of clinical patient data. With the use of computer 
networks, as soon as data are available from the blood gas or 
clinical laboratory, they are also available to physicians and 
nurses in the ICU, other nursing divisions, or by telephone 
from physicians' offices, clinics, or homes. Delays are avoided, 
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FIG. 151-3. Rounds report used for evaluating patients each day during physician teaching rounds. The 
report is abstracted from many locations and sources. Data are formatted into a physiologic system structure. 
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ICU 
TEACHING ROUNDS 

OBSERVA llON 
21lll 

DRUGS 1/~ • 

BLOOD~ 
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OTHER 
2lll 
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13lll 
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33lll 

FIG . 151-4. Pie chart shows data used for clinical decision-making 
by physicians during physician teaching rounds in our shock trauma 
!CU. (From Gardner RM , Bradshaw KE, Hollingsworth KE: Com
puterizing the intensive care unit: Current status and future directions. 
1 Cardiovasc Nurse 1989; 4:68; data from Bradshaw KE, Gardner RM , 
Clemmer TP, Orme JF Jr, Thomas F, West B]: Physician decision
making-evaluation of data used in a computerized !CU. lnt 1 Clin 
Monit Comput 1984; 1:81) 

transcription errors are eliminated, and nursing and techni
cian time is saved because telephone calls are unnecessary. 13 

With the increased use of computer technology in the ICU, 
a growing need exists for nurses and physicians to interact 
with the computer. 17 Different methods of interaction have 
been proposed, including conventional keyboards, light pens, 
and voice recognition. In one study, these three input devices 
were compared for speed, accuracy, and ease of use by 20 
ICU nurses.18 The study showed that keyboard input was con
sidered the quickest, most accurate, easiest, and most pre
ferred method of interaction. 

ELECTRONIC MEDICAL RECORDS 

The medical record for every patient is a document that begs 
to be computerized.19 For ICU patients and those undergoing 
anesthesia and surgery, this need is especially urgent. Infor
mation in the medical record should be easily retrievable and 
reviewable. Records having these characteristics simplify the 
routine processing of data required for medical decisions. As 
a result, many investigators have attempted to computerize 
the medical record and make it "paperless." 

The patient record remains the principal instrument for 
ensuring the continuity of care. There is a need to integrate 
and organize patient records to optimize data review and de
cision-making. The traditional handwritten record has many 
limitations. For example, it can only be used by one person 
at a time at one location. Also, it is often poorly organized 
and is available only in the format in which it was recorded. 

In many ICUs, nurses must process and organize data from 
the written chart and then re-record the data on large flow 
sheets. Data retrieval for quality assurance and research must 
be done by hand. Unfortunately, output from instruments that 
produce digital results must be logged by hand, leading to 
inefficiency and entry errors. 

Although the limitations of accessibility, format , and avail
ability are germane to all patient records , they are especially 
problematic in the ICU. Computer charting in the ICU must 
support the collection of multiple types of data to be effective. 
Results of a recent study conducted in the shock-trauma ICU 
at LDS Hospital showed that much of the data needed for 
making treatment decisions was obtained from observations 
and manual tasks, and many results came from outside the 
ICU. Figures 151-1 and 151-2 illustrate the wide variety of 
data needed to care for a critically ill patient. 

To meet the clinical management needs of the ICU patient 
and provide an adequate legal record of care given, several 
computerized data management reports have been developed. 
Figure 151-5 shows a computer-generated 12-hour nursing 
shift report for a patient who has undergone open heart sur
gery. The upper section of the report documents physiologic 
data and summarizes laboratory data. In the lower section, 
drugs, intravenous fluids given, and intravenous infusion rates 
are presented. Other reports can be generated by using dif
ferent formats from the same data set. Physician rounds re
ports are used to summarize data by organ system. Reports 
such as these replace the large handwritten flow sheets com
monly seen in the ICUs and can be generated as needed so 
they remain current (see Fig. 151-3). 

Because an increasing number of computer programs are 
being used in medicine, there is some concern about legal 
and ethical issues. 20

·
21 Guidelines for deciding when it is ap

propriate to use a medical program have not yet been devel
oped. A computerized record can neither immunize against 
nor expose one to a malpractice case.22 The legible and com
plete record that computers can provide should assist in the 
defense. As Kroll said, " It is the doctor who does a good job, 
but who cannot defend because of a bad record, bad docu
mentation, or an incomplete or imprecise story who may be 
helped by computer charting." 

The legal problems associated with computer programs that 
provide medical advice have yet to be addressed by the 
courts.20·2 1 In all likelihood, adverse outcomes resulting from 
the use of computerized decision-support systems will be gov
erned by the legal principle of negligence liability. 21 

COMPUTERIZED MEDICAL 
DECISION-MAKING 

The hallmark of a good physician or nurse is his or her ability 
to make a sound clinical judgment. In the past, clinical judg
ments and the decision-making process were thought to be 
artful and intuitive rather than scientific. Nevertheless, com
puters have been used to aid medical practitioners in the care 
process. 

A computerized medical decision-support system is any 
computer program designed to help health care professionals 
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FIG. 151-5. Example of a 12-hour shift (6:00AM to 6:00PM, June 15, }991) generated by the computer. 
The top line shows the patient's identification, weight, and height. Moving down the sheet, physiologic 
data (systolic and diastolic pressures, heart rate and temperature) are plotted. To the right are shown the 
weight comparison, daily maximum temperature, and a 24-hour intake and output summary, along with 
the most current laboratory results. 
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make clinical decisions.23
-

25 Shortliffe,25 one of the pioneers 
in applying artificial intelligence to medicine, outlined three 
types of decision-support tools: 

McDonald and his associates26
·
28 have shown that humans are 

not perfect data processors and that they do not always make 
consistent decisions. The issue of data overload is a major 
problem of critical care today. 

1. Information management, such as those available through 
Grateful Med or other mechanisms to search the Na
tional Library of Medicine MEDLINE library resources 

2. Focusing attention, such as flagging an abnormall3.bo
ratory value 

3. Patient treatment suggestions, offering patient-specific 
protocols for directing care 

The opportunity to use computers to help in the complex 
task of decision-making in critical care has just begun. To 
make effective decisions, health care professionals and com
puters must have access to relevant data in an accurate, timely, 
and machine-usable form. Typically, physicians collect in
formation from several sources, extract the appropriate in
formation, and try to remember what data are relevant so 
they can make optimal patient-care decisions.26 Eddy27 chal
lenged the validity of this process: "It is simply unrealistic to 
think that individuals can synthesize in their heads scores of 
pieces of evidence, accurately estimate the outcomes of dif
ferent options, and precisely judge the desirability of those 
outcomes for patients. The complexity of modern medicine 
exceeds the inherent limitations of the unaided human mind." 

Figure 151-2 shows the flow of data into the Health Eval
uation through Logical Processing (HELP) computer system 
used at LDS Hospital . The HELP system is unique among 
hospital information systems because it collects data and per
forms decision-making on the clinical data that are acquired. 
Notice the stippled ring surrounding the patient database. As 
data are gathered and entered into the system, they are used 
to "data drive" computerized decision-making "frames." 

The decision-making processor uses medical knowledge 
derived from the medical literature, interrogation, and inter
action with medical experts and from data stored in comput
erized data bases. The HELP system has a data drive capabil
ity that processes incoming information to provide a variety 
of data reviews (see Fig. 151-5). Alerts that warn of life
threatening situations are also generated. 29

·
3° Calculated pa

rameters like stroke volume are derived froJTl heart rate and 
cardiac output, and interpretations for blood gas and cardiac 
output measurements are made (see Figs. 151-3 and 151-5). 

Computerized alerts and quality assurance have become 
important activities of medical computing, especially in the 
ICU.29- 38 Alerts are generated as a result of the automatic 
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PATIENT DATA : 

0 MINUTES 15 MINUTES 120 MINUTES 

Pa02 49 58 59 
FI02 0.4 0. 6 0.6 
PEEP 10 12 12 

PROTOCOL INSTRUCTIONS : 

INCREASE WAIT INCREASE 
FI02 BY 0.2 1 HOUR 45 MINUTES, PEEP BY 
AND PEEP BY OBTAIN ABG IN 2 CM 820, 
2 CM 820, 1 HOUR 45 MINUTES OBTAIN ABG IN 

OBTAIN ABG IN 15 MINUTES 
15 MINUTES 

1 2 3 
FIG. 151-6. This protocol flow chart illustrates a simplified and se
lected portion of one of approximately 30 pages of protocols used for 
control of arterial oxygenation in ARDS patients. (Morris AH: Use 
of monitoring information in decision making. In Contemporary 
Management in Critical Care 4: Respiratory Monitoring, pp 213-253. 
New York, Churchill Livingstone, 1991 ) 

interpretation of laboratory data, from respiratory care, and 
from the pharmacy.29

·
30

•
32

•
33

·
39 

A more comprehensive application of computers in medical 
decision-making involves computerized protocols that are used 
to aid and guide physicians in the conduct of a patient's ther
apy .40 Computer-driven protocols using the HELP system have 
been successfully used to manage patients with severe arterial 
hypoxemia.41

-4
6 Although these protocols are limited to ap

plication in only one hospital, they have proven the feasibility 
and utility of using computer-directed patient care. Physicians 
have followed the protocols more than 90% of the time during 
more than 20,000 hours of use. Survival rates for adult re
spiratory distress syndrome (ARDS) have been improved ap
proximately fourfold using the protocols. 45·46 Figure 151-6 il
lustrates in simplified form a small segment of more than 30 
pages of detailed ARDS protocols. Results from using a com
puterized ICU patient advice system has shown that we can 
standardize patient treatment and enable investigators to 

compare scientifically the effects of different treatment 
regimes. 

FUTURE DIRECTIONS 

Society has an expectation of "star wars" technology from 
the military, entertainment, and medical fields .- Many consider 
the progress we have made as the stuff of science fiction . Real 
progress has been made, and the beliefs and hopes for the 
future inspire further development of computerized medical 
decision-making. We must learn to harness the power of 
computers to assist health care professionals. 

The advances of computers in the ICU will be evolutionary 
rather than revolutionary. The infrastructure of the health 
care system needs to be changed to maximize the benefits of 
computerized ICU care. 

Critical care is not just practiced in an ICU. It is not unusual 
to have a patient on an ordinary hospital floor bed connected 
to pulse oximeters, ECG telemetry, intravenous pumps, and 
other sophisticated instruments. Care given in an ICU today 
will be applied to floor patients within a few years. The medical 
computer systems of the future will take an active, yet sub
ordinate, role in providing quality patient care. Computers, 
however, will never have the capability of the human being 
to deal with unexpected and complex situations. 

This chapter is based in part on Gardner RM, Bradshaw KE, 
Hollingsworth KW: Computerizing the intensive care unit : 
Current status and future directions. ] Cardiovasc Nurs 1989; 
4:68 . 
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