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Care of the critically ill patient places unusual demands on the prac
ticing physician. The critically ill are usually referred to intensive care 
units (ICUs) and are connected to sophisticated physiologic monitoring 
equipment. As a result of their illness or injury, these patients are sub
jected to a wide variety of laboratory tests . Their therapy is complex, its 
timing is critical, and careful documentation is essential. The large volume 
of resulting data must be stored, processed, and used for clinical decision 
making. The tremendous growth of medical information, the demand for 
cost-effective care, and the need to document the justification for clinical 
decisions by patients, utilization review committees, third-party payors, 
and health care policy makers have placed even more demands on physi
cians caring for the critically ill. 

Concurrently, there has been a rapid development of computer tech
nology. Critical care medicine and medical computing are both less than 
25 years old. According to a recent article in Scientific American, if the 
aircraft industry had evolved as rapidly as the computer industry, a Boeing 
767 would cost $500 today, would circle the globe in 20 minutes, and 
would do it on 5 gallons of fuel. The cost of computer logic is falling at the 
rate of 25 per cent per year and the cost of computer memory at the rate 
of 40 per cent per year. Computational speed has increased 200 times in 
25 years, and energy consumption and computer size have decreased by 
10,000 times. 26 It seems apparent, then, that as the complexity of critical 
care increases and the cost of computer hardware decreases, soon every 
critical care unit will have not one but many microcomputers. 

The state of the art in critical care computing has advanced rapidly in 
the past decade. In the early phases of monitoring, computers were used 
to acquire physiologic data such as blood pressure and cardiac output. 
After this, programs to communicate data from distant laboratories were 
implemented. Reports were generated from the more integrated data
bases. Finally, closed-loop control and decision-making tools were added 
to assist the physician. H . 21 
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Whereas at first there was a reluctance on the part of physicians and 
nursing staff to use computers in the care of their patients, there is now a 
"cry for help" from these same health care providers. This change in atti
tude has come as a result of several developments in computing technol
ogy, particularly the advent of the personal computer. 

STATEMENT OF THE PROBLEM 

Barnett's recent review3 of the application of computers to ambulatory 
practice quotes Florence Nightingale's 1873 book entitled Notes on a 
Hospital: 

In attempting to arrive at the truth, I have applied everywhere for informa
tion, but in scarcely an instance have I been able to obtain hospital records fit for 
any purpose of comparison. If they could be obtained, they would enable us to 
decide many other questions besides the one alluded to. They would show the 
subscribers how their money was being spent, what good was really being done 
with it, or whether the money was not doing mischief rather than good. 

It is ironic that her comments are relevant more than a century later. 
They are true for records of ambulatory patients3 as well as for those of the 
critically ill. The medical record remains the principal instrument for en
suring continuity of patient care. There is a real need to integrate and 
organize patient's records to optimize medical data review and decision 
making. 3. u, 28 

The traditional medical record has several limitations:3• 28 

1. It is physically inaccesible. Two examples will illustrate. For an 
emergency admission, the patient's previous record, although very valu
able, can seldom be recovered and delivered in time to be of benefit. The 
complex and usually voluminous records of the critically ill are often 
"thinned." The process of recovering the "thinned" portion is often too 
slow to be of much use. 

2. Information is available at only one location-where the chart is 
physically located. 

3. The chart is usually poorly organized. 
4. Illegible handwriting may make information unavailable or labori

ous and time consuming to retrieve. 
5. There is no recording standardization, so even when charts are re

trieved for review, it is difficult to compare them. 
6. Retrieval of data for research is cumbersome (manual chart review) 

because the records must be read by trained personnel. 
7. Data recorded from electronic instruments must be handwritten or 

manually attached to the patient's chart. 

HOW THE COMPUTER CAN AID IN RECORD KEEPING, DATA 
MANAGEMENT, AND DEC.ISION MAKING FOR CRITICALLY ILL 

PATIENTS 

Table 1 shows a six-step sequence indicating how computers can be 
used to assist in solving record-keeping, data management, and decision
making problems encountered in ICUs. 
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Table 1. Uses of the Computer in Intensive Care 

1. Assist in data collection 
2. Provide computational capability 
3. Assist in data communication and integration of data 
4. Record keeping 
5. Report generation 

Variable report format 
Available at multiple sites 
Data communications 
Eliminate redundancy 
More structured reports 
More accurate reports 
Current information 

6. Assist in decision making 

ASSISTANCE IN DATA COLLECTION 
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Digital computers are used almost exclusively in the newest bedside 
physiologic monitors. These microcomputer-based monitors help sort 
through the approximately 100,000 heartbeats that occur each day and 
identify those of interest (arrhythmias , asystole, and so on). The measure
ment of heart rate and arrhythmias and the ever-vigilant logging of these 
data have become hallmarks of intensive care monitoring. Indeed, the re
cent Concensus Conference on Critical Care Medicine acknowledged the 
importance of recognizing life-threatening arrhythmias. a 

In addition to the bedside monitoring tasks we take somewhat for 
granted, there are many other medical devices whose operation depends 
on microcomputers. For example, most of the instruments in the clinical 
laboratory are automated with microcomputers. Blood gas machines are 
highly dependent on computers to give prompt and accurate results. 

PROVISION OF COMPUTATIONAL CAPABILITY 

Just as pocket calculators have become pervasive in our everyday life, 
so will computers. Programmable computers relieve us from menial tasks . 
In contrast to humans, computers perform calculations just as well at 3 
A.M. as at 9 A.M. Indeed, the computer is the ultimate "slave" because it 
does exactly what it is told (programmed) to do, does it with great speed, 
makes virtually no mistakes , works 24 hours per day, and does not com
plain. Recently, there has been a widespread acceptance of small personal 
computers in critical care units to assist with the calculation and interpre
tation of hemodynamic monitoring, drug dosage, and blood gas data. 7• 9· 25 

Examples of results of these programs are presented further on. 

ASSISTANCE IN DATA COMMUNICATIONS AND INTEGRATION OF DATA 

One of the most important tasks of physician and health care providers 
is to assimilate all data before making treatment decisions. Data on pa
tients can be rapidly and accurately transmitted electronically from one 
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computer system to another. Thus, data from the clinical laboratory can be 
received promptly by a critical care unit or surgical suite. 12 

The importance of an integrated record was recently emphasized by 
the results of a study conducted in our departments We examined the 
data used for the physician's decision making during teaching rounds. We 
tabulated data used from our computerized shock-trauma unit into six cat
egories: (1) bedside monitor, (2) laboratory, (3) drugs, input/output and in
travenous, (4) blood gas laboratory, (5) observations, and (6) other. Figure 
1 shows the findings of the study. We were surprised at the small per
centage (13 per cent) of the data contributed by the bedside monitor. 
Equally surprising was the large fraction (42 per cent) that laboratory and 
blood gas data contributed to the decision-making process. It is clear from 
the information shown in Figure 1 that data from multiple sources must be 
combined to allow the physician to make effective treatment decisions. 
This study clearly showed the need for integrated record keeping. The 
computer is the ideal medium for such integration, since it can easily com
municate with other computers and can archive data for quick review from 
multiple sites.2· 6• 19• 20 

RECORD KEEPING 

The computer is an ideal record keeper because it can store and 
quickly recover vast amounts of information. A successful database man-

OBSERVATIONS 
21~ 

• 

OTHER 
3~ 

DRUG 1/0 IV 
23~ 

MONITOR 
13~ 

• 

• 

BLOOD GAS 
10~ 

I.J\BORA TORY 
32~ 

Figure l. Pie chart shows data used for clinical decision making by physicians during 
teaching rounds in our shock-trauma intensive care unit. 
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agement system should be "user-friendly,'' that is , easy to use after a few 
minutes of instruction. The recently introduced Apple Macintosh with its 
"mouse" and the Hewlett-Packard model 150 with a "touch screen" are 
examples of computer hardware that is becoming more user-friendly. 

In the real-time monitoring environment of a critical care unit, the 
computer system must also have high availability (no failures or down
time). Fortunately for medical computing, there are several other com
mercial applications of computers that have a similar need for high availa
bility-telephone switching networks, air traffic control systems, nuclear 
and conventional power plant monitors, aerospace telemetry, and on-board 
control systems. As a result, there are a growing number of fault-tolerant 
computer systems. 20 We use a fault-tolerant system manufactured by Tan
dem Computer as our central system.!! The system provides an availability 
of greater than 99.5 per cent (down-time ofless than 0.5 per cent, or about 
7 minutes per day) , which has proved adequate for our clinical needs. 

REPORT GENERATION 

The ability of the computer to gain access to the data in its database 
and generate a variety of reports is a principal advantage of medical com
puting. The advantages Barnett3 mentions for the record keeping of am
bulatory patients are even more impressive for that of critical care patients. 
These benefits are as follows . 

Generation of Reports of Variable Formats 

Flow charts, summary reports, unit reports , and similar reports must 
be readily available from patient data management systems. Figure 2 
shows a specialized summary (rounds) report we are currently using. At 
any time of the day or night, a physician can get this report in less than 1 
minute. To generate this report, the computer searches the patient data
base and presents the most recent data by organ system. The data are to 
be reviewed and used for decision making. Note that data from a wide 
variety of original sources are presented in a clear and legible manner. 
Cardiovascular data include hemodynamic monitoring information, labora
tory data, and electrocardiogram (EKG) data, with computer-assisted inter
pretations . Respiratory data include blood gas data with computer-gener
ated interpretations and corresponding ventilatory status. A wide variety 
of data from many different hospital locations are integrated to update the 
physician on the patient's laboratory, clinical, fluid balance, and medica
tion status. 

Data Availability at Multiple Sites 

Once the patient's record is in electronic (computer) form , it is simul
taneously available at multiple sites. Physicians can review those data from 
any terminal connected to the system. Thus a critical care staff physician 
can review the same data on a terminal in his or her office as those simul
taneously reviewed by the attending physician, who may be at the patient's 
bedside or at home using a personal computer. Fully one third of the phy-
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sicians on our staff have personal computers. As a result, the level of com
puter literacy and, consequently, of the physicians' interest in "phone-in" 
access to patients' records on our computer system is increasing. 

Data Communications 

Data communication is essential because a patient's care is seldom 
limited to the primary care physician. Physician specialists, in addition to 
respiratory therapists, dieticians, nurses, and social workers, have become 
an integral part of the health care team, especially for trauma patients . 

Elimination of Redundant Entry 

As Florence Nightingale pointed out, seldom are data on patients used 
for just a single purpose. For example, administration of a medication must 
be documented to fulfill the medico-legal requirements of :he hospital rec
ord, but more importantly it must be charted because it has an effect on 
the patient's medical recovery. Those concerned with management of costs 
and efficiency are also interested in what medications were given. To ac
complish all of these tasks on paper requires either the redundant entry of 
data by a nurse or ward secretary or the creation of multiple copies of 
handwritten records, which are sent through the hospital's "communica
tion system" and eventually archived (usually in a computer) . By having 
the computer capture the record in electronic form and transmit the data 
to appropriate patient files, redundant and inefficient data entry can be 
eliminated. Thus, if a nurse charts a medication at the bedside terminal, 
the data are captured promptly and accurately for all clinical purposes as 
well as administrative and nonclinical management functions . 

The implementation of computerized respiratory therapy charting at 
our hospital has increased therapist productivity by 18 per cent. This in
crease came even in the face of having therapists take the time to enter 
their own procedures into computer terminals. When the therapists chart 
their clinical procedures by computer, the computer automatically acquires 
management information, bills the patient, and fulfills medico-legal docu
mentation requirements. By reducing the manual paperwork, a higher per
centage of the therapist's time was spent on patient care. 

Increased Structure in Reports 

As can be seen from Figure 2, computer-generated reports are highly 
structured. Because their format is standardized and predictable, struc
tured reports are efficient for reviewing patients' data. Like a familiar 
newspaper, they are easy to scan. To illustrate the concept, I like to com
pare reviewing a patient's chart with scanning a newspaper. As long as I 
am reading a Salt Lake City paper, I know where to look to find the na
tional, local, and sports news as well as the cartoons . However, when I am 
in San Francisco and pick up a newspaper, I have to struggle for a few 
days to find the items I am interested in, but eventually I adapt. The same 
follows with computerized patient charting. Another newspaper analogy 
also applies to computerized patients' records. This is particularly useful, 
since we tend to put far more information on a computer terminal or on a 
printed report than most people will review. We do this for much the 
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same reason a newspaper does. The information is there if you want it and 
is acessible in "small print" promptly, at relatively low cost. 

Greater Accuracy of Computer-Generated Reports 

Computer data are generally entered by means of a conversational, or 
interactive, mode. The computer terminal prompts the user to enter data 
in a prescribed format . Thus, as data are entered, a predefined set of rules 
is applied to validate the data and prevent errors. If errors occur, such as 
transposed digits (for example, pH 4. 7 instead of 7.4), immediate feedback 
is given to the user, and the data entry error can be quickly corrected. 
The increased legibility of computer records compared with handwritten 
records is not questioned. 

Finally, there is an attribute of computer reporting that is especially 
applicable to the critical care situation. 

The Computer Record As Source of the Most Current Information 

The data flow into the critically ill patient's record takes place almost 
continuously. The task of updating a single conventional paper record is 
overwhelming, even with electronic communications and printers. Keep
ing track of and filing each new piece of paper in the patient's chart be
come an impossible burden. Thus, in our system, a physician or nurse 
wanting the latest information about a patient reviews the data from a com
puter terminal. Until recently, when we installed computer terminals at 
each patient's bedside, access to terminals was a problem. Now that ter
minals are located at the bedside, access is no longer a problem. In fact, 
having the terminals at the bedside allows us to make the data entry and 
review "patient specific. " For example, since the computer "knows" what 
drugs are prescribed for each patient, pressing a single key on the terminal 
will cause it to display only those drugs. Then a simple menu selection 
permits the drug, its dose, and route of administration to be "charted" 
promptly and easily while eliminating the need to search through a for
mulary of over 2000 drugs . Bedside terminals with memory capability 
(similar to personal computers) can store current information about a pa
tient in its local memory. Since patient-specific drug prescriptions and pa
tient care plans are stored in this manner, nurses can quickly and effi
ciently chart electronically. 

ASSISTANCE IN DECISION MAKING 

The hallmark of a good physician is the ability to make sound clinical 
judgments. As Bergman and Pantell4 point out, this process has tradition
ally been considered artful and intuitive, rather than scientific. However, 
in recent years the use of computers to assist in medical decision making 
has gained wider acceptance. 27 Indeed, the discussion of "artificial intelli
gence" is commonplace in medicine today. 

McDonaldts, 16 has shown that a computer reminder system applied in 
an ambulatory clinic reduced oversights by physicians. He attributed phy-
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sicians' errors to "channel noise" or information overload rather than to 
practitioner ignorance. 

The opportunity to use the computer to aid in the complex task of 
medical decision making in critical care has just begun. 10• 12 Figure 3 is a 
block diagram of the HELP (Health Evaluation through Logical Process
ing) computer system operational at LOS Hospital in Salt Lake City, Utah. 
The system collects and integrates data from a wide variety of data sources. 
Data are automatically stored and processed by the HELP system to de
termine if the new information by itself or in combination with other data 
in the patient's record (such as another laboratory value or a previous com
puter-generated decision) can be used to make a medical decision. The 
medical decisions are based on criteria stored on magnetic disk. The deci
sion criteria were established by knowledge gained from physicians, 
nurses, and literature and from analysis of our own computer database. 
Decisions made by the HELP system are of the following four types: 
(1) interpretations-for example, blood gas and hemodynamic interpreta
tions (Fig. 2); (2) diagnoses; (3) alerts, that is, notification of life-threaten
ing events such as critically low P02; and (4) treatment suggestions. 

The application of protocols to treatment of patients was introduced 
several years ago in the ambulatory setting. 15 In recent years protocols 
have been applied to the care of hospitalized patients. 23 These protocols 
have been used to prevent adverse drug reactions12 and to suggest fluid 
management, 22 cardiac management of surgical patients, 18 and therapy ac
cording to hemodynamic monitoring information .14 

INPUT PROCESSING 
DATA SOURCES CRITERIA SOURCES & STORAGE 

KNOWLEDGE 

OUTPUT 

Treatment 
suggestions 

Figure 3. Patient data flows into the "HELP" decision-making computer system from 
a variety of sources. The decision-making criteria (knowledge base) are then automatically 
applied to the data, giving an output of computer-aided decisions. A variety of output is 
generated, including information for review on computer terminals , printed reports, and 
medical decisions. 
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IMPLEMENTATION ISSUES 

A growing body of computer software tools and strategies is being 
developed for use with decision-making or "intelligent" systems.13 Short
liffe24 lists some excellent criteria for ascertaining which problems are ap
propriate for computerized medical decision making. These include 
(1) demonstrated need for computer assistance (2) recognized need for as
sistance by physicians, (3) core of formalized, readily available knowledge, 
(4) straightforward mechanism for introducing the computer-based tool 
into daily routine, (5) maintenance of the physician's role as ultimate de
cision maker, (6) identification of highly motivated collaborators, and 
(7) avoidance of major theoretic barriers for the initial prototype system. 

These criteria are idealized and cannot all be achieved. On the basis 
of Shortliffe's experience at Stanford University and our experience at LOS 
Hospital, however, these criteria are excellent guidelines. 

EVALUATION OF THE COMPUTER SYSTEM 

As with computerized record systems for ambulatory patients, evalu
ation of cost and benefit of critical care computing is crucial. Unfortu
nately, there is no well-formulated technique for studying either manual 
or computerized medical records systems, especially those with medical 
decision-making capabilities. Shortliffe24 mentions six guidelines for assess
ing the effectiveness of such systems. A system must (1) demonstrate that 
it is needed, (2) demonstrate that it performs at the level of the medical 
expert, (3) show that it is usable, (4) demonstrate its impact on manage
ment of patients, (5) show its impact on the well-being of patients, and (6) 
demonstrate its cost-effectiveness . 

The computer will not solve all the problems of a modern ICU .17 

However, we need to harness its power to help us cope with the mass of 
detail required to manage the care of critically ill patients. 1 We must use 
the computer as a tool to assist us in integrating, evaluating, and simplifY
ing data management, while at the same time using our human skills to 
make1 patient care more personal. 

SUMMARY 

Computers are being increasingly employed in all levels of society. 
Computer applications in clinical medicine have lagged behind administra
tive and billing functions. However, computers are now finding an increas
ingly useful place in critical care medicine. The complexity of the patients' 
conditions and the large amount of data generated by critically ill patients 
provide an ideal area of application for computers. The computer can assist 
in collecting data, calculating derived parameters, speeding data commu
nications, record keeping, report generation, and decision making. This 
article has discussed and illustrated how the computer can aid in the care 
of the critically ill. 
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