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Most observers would agree that the goal of computerizing the
anesthesia record is a worthy one. Despite the fact that several
academic groups and vendors have attempted to develop and
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spread. In this review article, we attempt to outline the reasons
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discuss the development of strategies to solve these problems and
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working out technical, social, and educational difficulties. Details
of the approaches recommended are outlined.

*Professor of Medical Informatics
tProfessor of Anesthesiology

Note: Dr. Omar Prakash passed away on April 18, 1993.! At the
time of his passing, Dr. Prakash was preparing this manuscript for
submission. Dr. David ]. Cullen, Deputy Editor-in-Chief, and Dr.
Paul J. Poppers, one of the guest editors of the Benelux issue, asked
that I update and complete the manuscript. I am honored to be
invited to assist my dear friend, Dr. Prakash. I hope this work will
be of the standard of excellence that he would have prepared. 1
am certain that the level of energy and enthusiasm that Dr. Prakash
would have used to present the material may be a bit lacking. I
have made every attempt to make the content current and the
future as bright as Dr. Prakash would have.

Address reprint requests to Dr. Gardner at the Department of
Medical Informatics, LDS Hospital, 325 Eighth Avenue, Salt Lake
City, UT 84143, USA.

Received for publication February 24, 1993; revised manuscript
accepted for publication April 1, 1994.

© 1994 Butterworth-Heinemann

J- Clin. Anesth. 6:333-341, 1994.

Keywords: Computerized medical records systems;
monitoring, physiologic; technology, medical.

Introduction

If you raise the subject of computers in anesthesia with
agroup of anesthesiologists, you are likely to stir emotions
ranging from hope and delight to disbelief, fear, despair,
and disgust. Such has been the progress of computeriza-
tion of the anesthetic record. Despite early projections
as far back as the early 1970s that, within a few years,
everyone would be using computers to chart the anesthe-
sia record, even today few such systems are clinically
operational. Such a statement is made not to downplay
or discourage those who have developed and operate
excellent systems, but to illustrate the difficulty of the
task. This review article addresses several issues that have
made the task so difficult and suggests several opportuni-
ties and strategies that may make acceptable and worth-
while computerization of the anesthesia record possible.

The need for computerization of the medical record
has been recognized as essential by the prestigious Insti-
tute of Medicine of the U.S. National Academy of Sci-
ence.? Anesthesia, as one of the more complex and
potential areas of medical practice that could benefit
most from computerization, should view with favor com-
puterized data acquisition and record keeping. Several
studies have shown that the manual anesthesia record
has flaws and is often illegible, incomplete, and difficult
to use for the multitude of purposes that today’s complex
medical, legal, quality-assurance, administrative, and
management tasks require.*' However, opinions are di-
vided on the importance of computerized medical re-
cords.?*?* Those who are in favor of computerized
anesthesia records have started to build a literature data-
base that is becoming convincing. However, as always, we
must be wary that those who speak against computerizing
anesthesia records may be correct. We must provide the
scientific and cost-effectiveness data to prove the value
of computerized records.
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Most observers would suggest that the goal of comput-
erizing the anesthesia record is a worthy one. What, then,
are the issues and problems that have prevented develop-
ment, installation, and widespread clinical use of compu-
terized anesthesia systems?

In our opinion, there are many reasons for the failure
to computerize. This review article outlines what is wrong
with our current approaches and suggests future develop-
ment of anesthesia record computerization. Many of our
suggestions dictate the development of consensus stan-
dards; some are also social, and they will likely take educa-
tion and time to solve. We have divided the problems and
opportunities for development of computerized anesthe-
sia records into three broad classes: (A) those relating to
anesthesiologists and the profession of anesthesiology;
(B) those related to use of computer technology, which we
have broadly classified as ““medical informatics’’; (C) those
requiring the combined efforts of both professional
groups.

A. Anesthesiology Issues (Standards, Medical and Profes-
sional Issues)

1. Consensus on the content of the anesthesia record. The
detailed substance of the anesthesia record has not
yet been clearly specified.

2. Coded versus free-text record. To this point, the need
to acquire coded as well as “free-text” information
has largely been ignored.

3. Parameters to be monitored. Anesthesiologists have not
yet determined what parameters should be moni-
tored.

4. Frequencyofdata acquisition. Frequency atwhich mon-
itoring parameters should be acquired, how they
should be “smoothed,” and when they should be
charted.

5. Legal and responsibility issues. There is a fear that if
you use computerized records, “big brother” will
have a better opportunity to look over your shoul-
der and regulate, castigate, or sue you.

6. Training and implementation issues. The social struc-
ture and medical training of anesthesiologists are
not yet aligned with the automation process.

B. Medical Informatics* Issues (Technology)

1. Integration of anesthesiology with other segments of the med-
ical record. Hospital clinical computing systems de-
velopers have not taken advantage of integrating
data from multiple sources and distribution of data
from the anesthesia charting system to multiple sys-
tems.

2. Ideal computer interface for the anesthesiologist user. The
development of a convenient and quickly learned
“user interface” for the computer has been diffi-
cult.

*Medical informatics is a field of study concerned with the broad
range of issues in the management and use of biomedical informa-
tion, including medical computing and the study of the nature of
medical information itself.
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3. Artifact elimination. Determining when monitored
signals automatically acquired from the patient are
true and when they are artifactual.

4. Standards for monitoring device communications, or Med-
ical Information Bus (MIB). Standards for integrating
the communications between monitoring devices
have been slow to develop.

5. Displays and alarms. Development of display and
alarm technology that will augment rather than
detract from the anesthesiologist’s performance.

C. Joint Anesthesiology and Medical Informatics Issues

1. Decision support. Development of computerized de-
cision support aids.

2. Cost-effectiveness and evaluation. Evaluation of the ef-
fectand cost-effectiveness of computerized systems.

Background

The earliest known anesthesia records were made a cen-
tury ago in 1894.%* Since that time, the handwritten anes-
thesia record has gradually changed and become
somewhat standardized.? From an engineering point of
view, the anesthesiologist is a systems manager; the pa-
tient represents a dynamic system whose variables are a
function of time. The manager’s primary tasks are con-
trolling and decision making. At present, this busy man-
ager (anesthesiologist) acts as a performer of various
technical procedures, data gatherer, decision maker, and
controller. As surgical and anesthetic techniques grow in
complexity, some have suggested that anesthesiologists
are reaching the limits of their ability to handle these
many tasks simultaneously.?%” Since 10% to 20% of an
anesthesiologist’s time is spent keeping records, some
people have suggested that using the computer to assist
in the record-keeping task follows naturally.®2®

Figure 1 diagrams the data flow in an anesthesia situa-
tion. The patient generates most of the important infor-
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Figure 1. Block diagram of a computerized data acquisition
and presentation system for capturing an automated anes-
thesia record.




mation. During most surgical procedures, sensors and
transducers are used to measure ECG [heart rate (HR)
and rhythm], blood pressure (either directly or by use
of noninvasive cuff methods) (systolic, diastolic, mean
arterial pressure, and HR), arterial oxygen saturation by
pulse oximeter (SpO, and HR), and temperature. In
some cases, pulmonary artery pressure, mixed venous
oxygen saturation, electroencephalogram, and anesthe-
sia machine gas concentrations, rates, and volumes also
are measured. Each of these signals is typically amplified
and processed to display the above-noted parameters.
Today virtually every processing and display system con-
tains at least one and sometimes multiple micropro-
cessors. Software written for these microcomputers
processes the signals and displays the derived results.
Indeed, instruments such as the pulse oximeter would
not be possible without such computerization.

Unfortunately, these monitoring devices are not made
by the same manufacturer. In fact, most monitoring de-
vices are stand-alone units, with their own processing
algorithm, display, and external communication capabili-
ties. Connecting all these devices together is much like
trying to speak Russian, German, Spanish, and Japanese
simultaneously. As a consequence, few manufacturers
and institutions have integrated the patient record elec-
tronically. (Elsewhere we discuss the MIB and how it
enhances such communications.) In the ideal system, all
patient data are communicated to the “processing and
communications” block shown in the lower right of Fig-
ure 1.

In addition to needing the data from the monitoring
devices, the anesthesiologist must collect data from the
hospital or clinic records. Such data include patient name
and address, gender, height, weight, hospital identifica-
tion number, insurance carrier, and names of nearest
relatives, among others. Laboratory data include arterial
blood gases, complete blood counts, electrolytes, and
coagulation parameters. Data from nurses, such as the
latest medications given and special nursing needs, may
be needed. Pharmacists may know about the patient’s
allergies and have recommendations for when and which
preoperative antibiotic should be given. Archival medical
records of previous visits may be essential to evaluate
previous surgeries and complications. Data from radiol-
ogy, surgical scheduling, “case cart” availability of sup-
plies, blood, and equipment in the room also are
essential. By now it should be clear that the anesthesiolo-
gist needs an integrated medical record system to care
for the patient.

During surgery, anesthesiologists are vigilant observ-
ers and recorders. They note important steps in the surgi-
cal procedure, such as “going on bypass.” They must
arrange the anesthetic and monitoring equipment and
note that they have carried out these preparatory proce-
dures. They must adjust and calibrate instruments, mix
and administer medications, insert catheters, and per-
form endotracheal intubations. Anesthesiologists must
record each medication given, with its dose and route
of administration. In addition, they must be ever vigilant
to recognize unacceptable signals and alarms from moni-
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tors, the patient, and the situation in the operating room
(OR). With all of these tasks, it is remarkable that anesthe-
siologists perform as well as they do and have as few
untoward incidents as are reported.

Anesthesiology Issues (Standards, Medical and
Professional Issues)

Consensus on the Content of the Anesthesia Record

If we were to interview 25 anesthesiologists from around
the world, we would likely obtain at least 25 specifications
for what a computerized anesthesia system should be.
Most computerized anesthesia charting system manufac-
turers did not get a consensus on what is needed in a
charting system before they built their systems.

Most industries have learned that standardization of
processes improves quality and simultaneously decreases
costs. There are many advantages to standardizing care
in hospitals, and the computer lends itself nicely to this
task.? When anesthesia is used for large numbers of
certain types of procedures, such as coronary artery by-
pass surgery, outcomes improve,* mostly due to the
standardized care that results from case frequency and
repetition. When standardized care protocols are used,
mistakes are reduced. For example, if intravenous infu-
sion drugs are mixed differently each time, administra-
tion of incorrect doses is more common than if
concentration is set by policy and protocol. In addition,
patient care is more consistent if all care team members
use the same principles and decision logic.?!*?

It is important for anesthesiologists to standardize
what is expected in the record. Already there have been
encouraging attempts to establish monitoring and re-
cording standards.?*** McDonald** and others***” have
shown that using computers to assist in this process pro-
vides better quality and can be done in such a manner
as to assist the physician in the care process.

Coded versus Free-Text Record

Free text is unstructured, uncoded representation of in-
formation in text format—e.g., sentences describing the
results of a patient’s physical examination. Coding
schemes are systematized methods for classifying objects
and entities (such as diseases, procedures, and symp-
toms) using a finite set of numeric or alphanumeric iden-
tifiers.*® Today virtually all history and physical reports,
surgical reports, and discharge summaries are in dictated
free-text or narrative form. The computer has allowed
at least the capability to review these data properly spell-
checked on a screen. Some people feel that the entire
record should be recorded in free text.*® Others, includ-
ing ourselves, feel the need to code as much patient
information as possible.**** An implicit assumption of
free text—only systems is that physicians can provide all
the necessary intellectual analysis of patient data. McDon-
ald,* Eddy,* and others®? have clearly shown that humans
are not perfect information processors. With free
text-oriented computerized systems, there is no mecha-
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nism to detect drug interactions, laboratory contraindica-
tions, or computer-assisted protocols.*

Parameters to Be Monitored

Deciding which physiologic parameters should be moni-
tored and the monitoring frequency is a complex task.
However, providing guidelines as to which parameters
should be monitored in given conditions would help
reduce variability and improve anesthesia care. In addi-
tion, guidelines would help the medical informatics spe-
cialists to improve the quality of computerized patient
records. Computerization of intensive care unit (ICU)
records has influenced comparable records in anesthesia.
In our view, this has occurred because ICU physicians
have had to work in teams, not as the typical single physi-
cian/anesthesiologist. "7

As a first step in setting up standardized practices,
anesthesiologists may adopt the stance outlined in a posi-
tion paper of the American Medical Informatics Associa-
tion on communications and patient identification
standards.*® In the long term, however, studies like those
recently published in the anesthesia literature will be
required,*** as well as updates on the best standard of
care.

Frequency of Data Acquisition

A 5-minute sampling interval is incorporated into stand-
ards for monitoring by the American Society of Anesthesi-
ologists.*” Gravenstein et al® have challenged the
5-minute interval and presented data to indicate that
many variables are presented more than once each mi-
nute. Although some variables such as temperature
change very slowly, other variables such as SpO, change
much more quickly. Gardner et al>® found that if all 33
parameters from an ICU ventilator were collected, up to
1.5 million bytes of data could be generated per day.
The question of how frequently parameters should be
collected must be determined. In the modern OR where
10 or more variables are recorded, anesthesiologists
could likely keep up with the task if the recording interval
were b minutes. However, if sampling and plotting inter-
vals of 1 or 2 minutes are required, only automated sys-
tems will be able to record the data. The anesthesiology
community should investigate and recommend the fre-
quency of data acquisition during surgery. Also, whether
to record an average—the so-called smoothed value man-
ually recorded by anesthesiologists—or take a more prag-
matic approach must be considered. For example, Oniki
and Gardner®® and Gardner ef al.®?> have shown that elec-
tronically taking multiple samples and then recording a
median provides more representative results.

Legal and Responsibility Issues

The anesthesia record is often crucial to a successful
defense in nonmeritorious legal claims. The anesthesia
record also may be pivotal in determining whether quality
care was rendered. Despite the fears of anesthesiologists,
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having the computer acquire and automatically docu-
ment physiologic data has not been problematic.%!2%*
The analogy between flight recorders used on commer-
cial aircraft and anesthesia records is frequently made.
Flight recorders are the principal source of evidence for
the causes of airline accidents.!' It would be interesting
to know the history of the flight recorder and the battles
that pilots and engineers fought not to have these data
recorded. The liability danger of automated record keep-
ing is apparent. If computer-generated records are not
reliable, they are worthless. Anesthesiology must deal
with multiple aspects of computerized record keeping,
including privacy of the record, correction of errors in
the record, and the need for and storage of records in
long-term databases.'!:1255-%8

Training and Implementation Issues

If we lived in an ideal world where all of the factors
mentioned in this article could be dealt with, there would
still be major problems in implementing computerized
anesthesia records. Funding for the computer system
hardware and software is not a trivial issue. In addition,
capital for interfacing existing monitoring devices or re-
placing them with MIB-compatible equipment will be
problematic. Probably the largest problem to be dealt
with is the training of practicing anesthesiologists and
medical students in the use of the technology. Given the
experience LDS Hospital in Salt Lake City in developing
an integrated computerized patient record, it has become
evident that the problem is about 20% technological and
80% sociological.*

Medical Informatics Issues (Technology)

Integration of Anesthesiology with Other Segments of the
Medical Record

The ultimate purpose of a medical record, whether in
handwritten or computerized form, is to provide data so
that physicians and other caregivers can make timely and
accurate medical decisions. Integrating data from a wide
variety of sources into a computerized record is worth
more than the sum of the parts. For example, with most
current computerized anesthesia charting systems, the
anesthesiologist or an associate must enter the patient’s
name and identification number into the record, even
though the information is probably read from another
computer screen from the hospital’s billing system. Simi-
larly, most of the time, data from the handwritten or
printed anesthesia record are read by pharmacy and sur-
gical clerks to extract billing and coding information.*?
Extracting data from paper records is expensive, and
even when it is done, the results have large error rates.%

Our experience at LDS Hospital has shown the value
of integrating data from a wide variety of sources to mini-
mize data reentry. More important, the integrated com-
puterized data can be used for computerized decision
support.**1-%% In fact, because of this integrated system,
we find nurses and physicians complaining whenever they




have to read data from one computer screen and either
manually record it or enter it into another computer.
They now understand that data from the multiple com-
puters in the hospital can and should be integrated.**%?

Dr. John J. Osborn, one of the pioneers in' the field
of ICU computerization, wrote an excellent overview®*
of the field a dozen years ago and made the following
statement: “The great mass of useful numbers we gener-
ate by computer has got to be tamed and controlled. We
have learned how to make the measurements. Now we
must learn how to handle the resulting data and present
them in understandable terms. Used right, automation
can integrate these data, simplify them, scan and evaluate
them. Automation is not a cold-blooded monster-ma-
chine between us and the patient. It is a tool to expand
our medical power, to let us get closer to the patient,
and take better care of him.”

Ideal Computer Interface for the Anesthesiologist User

If the anesthesia record can be standardized and reliable
automated methods developed that acquire data from
monitoring devices, computer systems can become more
integrated. If such an event happens, we will have made
major progress in computerizing the anesthesia record.
However, the anesthesiologist is the principal observer
during the surgical procedure, and the observational
data must be entered into the computerized record to
make the record complete and comprehensible. Thus,
methods must be developed that allow the anesthesiolo-
gist to enter observational data, medications data, and
the like. It seems that each new innovation in computer
data entry technology is examined and touted as the data
input device answer. For example, we have seen key-
boards, touch screens, light pens, a mouse, or a track
ball extolled as the input device.®>*®* More recently, voice
input devices have been tried, with limited success.® The
search for the optimal device or method is still in prog-
ress. In 1994, handwriting tablets are available at a low
cost. Unit doses of medications are being packaged in
bar-coded packets, which can then be read with a wand
just before being administered. Computer schemes that
are customized to the anesthesiologist and list the most
common medications given and their doses have been
tried with some success.””” Up to this point, the ideal
input device for the anesthesiologist has not been devel-
oped. In fact, there may not be one device, but a number
of different devices appropriate for different tasks. The
devices used may be selected by particular anesthesiolo-
gists depending on personal preference. The main objec-
tive is to acquire the needed data in the minimum time
and with the highest accuracy. There is still much re-
search to be done in this area.

Artifact Elimination

Itis expected that human observers such as anesthesiolo-
gists consider all the important factors when they record
data from monitors. Unfortunately, numerous studies
have shown a “smoothing” of the data.”>7" Also, some
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of our observations of nurses and respiratory therapists
have shown more data-logging errors than expected.”
To implement effective computerized anesthesia records,
data must be entered promptly and correctly. It is no
longer adequate to have the anesthesia record correct
only at the conclusion of surgery.

Monitoring manufacturers have not taken care to elim-
inate artifact in the data “sent” from their instruments.
Therefore, a major effort must be undertaken to do so—
perhaps something as simple as giving a “‘quality of sig-
nal” status so that the human observer or computer
“monitor” can understand that the output might be in
error. Many patients under anesthesia have multiple indi-
cators of the same parameter. For example, HR may be
simultaneously derived from ECG, pulse oximeter, and
arterial pressure signals. Integration of data from multi-
ple signals to acquire the “best” parameters is a research
area worth pursuing,

Deciding what data need to be recorded and at what
frequency was discussed earlier in this review. Data selec-
tion using “smoothing” methods will likely be needed.
Although our group has used a moving median®** suc-
cessfully, we encourage others to investigate even better
methods.

Standards for Monitoring Device Communications (MIB)

Communication is one of the most important tasks per-
formed by anesthesiologists. As outlined in the back-
ground section, data from a wide variety of sources
underlie every decision. With all the monitoring instru-
ments available in anesthesia, the developer of a com-
puterized anesthesia charting system must create
customized interfaces with each device. Imagine what it
would be like today if we were required to have 10 or 12
different facsimile (fax) machines depending on what
device our recipient had. Fortunately for us, fax machines
operate on very detailed and standardized communica-
tions protocols. As a result, we can send a fax anywhere
in the world.

Progress is being made to develop a similar standard
for the MIB.””" With an MIB standard in place, medical
monitoring devices will be able to interconnect and com-
municate in much the same way that fax machines do.
When the standard is finalized and devices become avail-
able, the monitoring device will identify itself to the
“processing and communications” module shown in Fig-
ure 1. The device type, serial number, software modifica-
tion number, quality of the monitoring signal, and
derived values will be transmitted.”™ Using this technol-
ogy, it will be possible to acquire and integrate signals
from a wide variety of devices.5%%38

Displays and Alarms

Presenting the data from an anesthesia record is a major
technical challenge. The amount of data to be displayed
is enormous: more than that required during the flight of
a commercial airplane. The anesthesiologist has become
accustomed to asingle sheet of paper that hasinformation
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Figure 2. Computer screen showing a sophisticated display
of physiologic data. The screen was shown as a pilot by Dr.
Prakash in March 1993.

organized and displayed with a variety of techniques—
notes, codes, and graphs.*=** Simulating this single-sheet
display is difficult with today’s cathode ray tube displays,
and especiallywith the smaller flat-screen liquid crystal dis-
plays. With laser printers, ink-jet printers, or color plotters,
one can “print” more than three times as much informa-
tion on a letter-size sheet of paper than can be displayed
on an electronic display device. Given this limitation, plus
the fact thatanesthesiologists cannotagree on whatshould
be on the display, the designer of an anesthesiology display
system faces unusual challenges. A likely solution to these
problems is carefully designed and tested display systems
similar to those used in commercial airlines. The selection
of parametersto be displayed and their color, location, and
time scale presentation are major human factor design
considerations. This is one area in which the medical
informatics and anesthesiology communities can join
together and design a better system.®*® Figure 2 is an
example of a display developed by Dr. Prakash and
his colleagues in Rotterdam, The Netherlands. Dr.
Gardner had the opportunity to see and review these
prototype displays while visiting Dr. Prakash. The dis-
plays were presented on IBM PC/2 personal computers.

Design of alarm systems for anesthesiology is likewise
challenging.®*%7 At first it might appear that since the
anesthesiologist is at the patient’s side and ever vigilant,
sophisticated alarms are not necessary. However, the re-
cent work of Westenskow et al®” showing that “intelligent
alarms” have the potential to reduce time to correct
critical faults is provocative.

Joint Anesthesiology and Medical Informatics Issues
Decision Support

Decision support systems represent a specific type of med-
ical informatics. Such systems receive medical data as
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input and apply medical knowledge to help caregivers inter-
pret the data and make better decisions.®® For example,
it has been shown that giving a prophylactic antibiotic
within a 2-hour window before certain types of surgeries
reduces postoperative wound infection.’” By advising
nurses, surgeons, and anesthesiologists by way of a simple
“flag” on the surgery schedule, the number of patients
receiving the prophylactic antibiotic on time increased
and the prophylactic wound infection rate decreased.®
Computerized decision support strategies have come into
more common use in medicine and have resulted in
important improvements in quality of care and cost re-
duction, 39091

Cost-effectiveness and Evaluation

Anesthesiologists and medical informatics scientists must
evaluate computerized record-keeping systems and prove
their clinical value as well as cost-effectiveness.®!%91-9 Sey-
eral investigators have presented interesting and encour-
aging material. However, to make computerized
anesthesia records the standard of practice, additional
studies are needed. Stead et al.® have provided a frame-
work for such evaluations.

The Future: Where from Here?

We now have an opportunity to design and build compu-
terized anesthesia record systems that will help solve the
problems enumerated above and help improve the qual-
ity of anesthesia care. In the process of doing the research
and development work that must be undertaken, we feel
that the six guiding principles on computer system design
presented by Greenbaum and Kyng® will be helpful.

1. Computer systems that are created for the workplace
need to be designed with full participation from the
users. Full participation, of course, requires training
and active cooperation, not just token representation
in meetings or on committees.

This statement means that anesthesiologists, surgeons,
nurses, administrators, and medical informatics person-
nel must be involved in a cooperative, teamwork-oriented
environment to be most successful.

2. When computer systems are broughtinto a workplace,
they should enhance workplace skills rather than de-
grade or rationalize them.

If teamwork and a collaborative spirit are developed, the
work environment for anesthesiologists and other clinical
staff can be enhanced. By using the computer to commu-
nicate and share data and patient concerns, the quality
of patient care can be improved.

3. Computer systems are fools and need to be designed
to be under the control of the people using them.



Clearly, computers should be used as tools and not as a
mechanism to force a round peg into a square hole. They
should be used to solve real problems and to meet the
needs of all parties.

4. Although computer systems are generally acquired to
increase productivity, they also need to be looked at
as a means to increase the quality of results.

Quality of health care can be improved with the use of
computers. The primary purpose of a medical record is
to improve the quality of patient care; the computerized
medical record has the same purpose. Enhanced commu-
nications, alerting, alarming, advising, critiquing, and,
finally, consultating, are primary factors that computers
can and should address.

5. The design process is a political one and includes
conflicts almost every step of the way. Managers who
order the system may be at odds with workers who
are going to use it.

This statement is particularly true for anesthesiology-and
surgery. Many of the computerized systems in anesthesia
have been developed without the involvement of anesthe-
siologists or surgeons in the planning process. Medical
politics is difficult, especially in these days of major
changes occurring in the health care system. However,
involving as many people as possible in the discussion of
new developments is key, and the work will best be carried
out as a team effort rather than a dictatorship.

6. The design process highlights the issues of how com-
puters are used in the context of work organization.
We see this question of focusing on how computers
are used, which Greenbaum and Kyng call the use
situation, as a fundamental starting point for the design
process.

One of the faults of medical and hospital organizations
is that departments become strong by being independent
and self-sufficient. Many times, there is little communica-
tion with other departments, and integration with other
departments is seldom a goal. However, with the changes
now occurring in medical care, there is a greater need
to share and integrate. Anesthesiology is no different
from any other department.

Finally, we should ever be aware, as Greenbaum and
Kyng® state, that “when organizations don’t ‘make
sense,” the people in them are aware of this, because
they themselves work to create a framework of sensemak-
ing!” We should take advantage of computers as tools to
acquire and communicate data.

References

1. Gardner RM, Kalli U, Clemmer TP, et al: Obituary: Omar
Prakash, MD, PhD: 1936-1993. Int J Chin Monit Comput
1993;10:87-9.

2. Dick RS, Steen EB (eds): The Computer-Based Patient Record. Insti-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Computerizing the anesthesia record: Gardner and Prakash

tute of Medicine. Washington, DC: National Academy Press,
1991.

. Zollinger RM, Kreul JF, Schneider AJ: Man-made versus com-

puter-generated anesthesia records. J Surg Res 1977;22:419-24.

. Gravenstein JS: The uses of the anesthesia record. J Clin Monit

1989;5:256-65.

. Eichhorn JH: Computerized anesthesia records and the quality

assurance process. Semin Anesth 1991;10:22-9.

. Eichhorn JH: Anesthesia record keeping. Int ] Clin Monit Comput

1993;10:109-15.

. Thrush DN: Are automated anesthesia records better? J Clin

Anesth 1992;4:386-9.

. Edsall DW, Deshane P, Giles C, Dick D, Sloan B, Farrow J:

Computerized patient anesthesia records: less time and better
quality than manually produced anesthesia records. J Clin Anesth
1993;5:275-83.

. Trosty RS: Computerized patient information management sys-

tems in anesthesiology: a risk management perspective. Semin
Anesth 1991;10:36—40.

Trosty RS: Automated anesthesia records aid risk management.
Hosp Risk Manage 1989;11:99-101.

Gibbs RF: The present and future medicolegal importance of
record keeping in anesthesia and intensive care: the case for
automation. J Clin Monit 1989;5:251-5.

Kroll DA: The legal implications of computerized anesthesia
records. An admittedly biased review. Semin Amnesth 1991;
10:30-5.

Prentice JW, Kenny GN: Microcomputer-based anaesthetic re-
cord system. Br | Anaesth 1984;56:1433-7.

Bashein G, Barna CR: A comprehensive computer system for
anesthetic record retrieval. Anesth Analg 1985;64:425-31.
Klocke H, Trispel S, Rau G, Hatzky U, Daub D: An anesthesia
information system for monitoring and record keeping during
surgical anesthesia. J Clin Monit 1986;2:246—61.

Meijler AP: Automation in Anesthesia, a Relief? New York: Springer-
Verlag, 1987:23—4.

Karliczek GF, de Geus AF, Wiersma G, Oosterhaven S, Jenkins
J: Carola: a computer system for automatic documentation in
anesthesia. Int | Clin Monit Comput 1987;4:211-21.

Lerou JG, Dirksen R, van Daele M, Nijhuis GM, Crul JF: Auto-
mated charting of physiological variables in anesthesia: a quan-
titative comparison of automated versus handwritten anesthesia
records. J Clin Monit 1988;4:37-47.

Cook RI, McDonald JS, Nunziata E: Differences between hand-
written and automatic blood pressure records. Anesthesiology
1989;71:385-90.

Noel TAII: Computerized anesthesia records may be dangerous
[Letter]. Anesthesiology 1986;64:300.

Eichhorn JH: Disadvantages of automated anesthesia records.
In: Safety and Cost Containment in Anesthesia. Boston: Butter-
worths, 1988:223-32.

Saunders R]J: Will we see automated record keeping systems in
common use in anesthesia during our lifetime? The automated
anesthetic record will not automatically solve problems of re-
cord keeping. J Clin Monit 1990;6:334—7.

Noel TA II: We need glass cockpits, not black boxes [Letter].
J Clin Anesth 1993;5:259-60.

Beecher HK: The first anesthesia records. Surg Gynecol Obstet
1940;71:689-93.

Gaba DM: Human error in anesthetic mishaps. /nt Anesthesiol
Clin 1989;27:137-47.

Communicore Inc.: Information management in anesthesia—
issues and opportunities in the development and adoption
of automated record keeping as a standard practice. Published
by Communicore Inc. under an educational grant from
Diatek Patient Management System Inc. Newport Beach, CA.

J. Clin. Anesth., vol. 6, July/August 1994 339




Special Articles

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

340

Gravenstein N, Feldman J: Anesthesia records and automation.
Semin Anesth 1989;8:119-29.

Fiedler MA: AANA Journal course: new technologies in anes-
thesia: update for nurse anesthetists—the computer-generated
anesthesia record. AANAJ 1990;58:49-56.

Clemmer TP, Gardner RM, Shabot MM: Medical informatics
in the intensive care unit: state of the art. In: Shabot MM,
Gardner RM (eds): Decision Support Systems for Critical Care. New
York: Springer-Verlag, 1993:3-24.

Berwick DM: The double edge of knowledge. JAMA 1991;266:
841-2.

Eddy DM: Clinical decision making from theory to practice:
the challenge. JAMA 1990;263:287-90.

Eddy DM: Clinical decision making from theory to practice:
anatomy of a decision. JAMA 1990;263:441-3.

Eichhorn JH: Prevention of intraoperative anesthesia accidents
and related severe injury monitoring. Anesthesiology 1989;70:
572-7.

Eichhorn JH: Effect of monitoring standards on anesthesia
outcome. Int Anesthesiol Clin 1993;31:181-96.

McDonald CJ: Protocol-based computer reminders, the quality
of care and the non-perfectability of man. N Engl | Med
1976;295:1351-5.

Berwick DM: Continuous improvement as an ideal in health
care. N Engl | Med 1989;320:53-6.

Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL.,
Burke JP: The timing of prophylactic administration of antibiot-
ics and the risk of surgical-wound infection. N Engl | Med
1992;326:281-6.

Shortliffe EH, Barnett GO: Medical data: their acquisition,
storage, and use. In: Medical Informatics: Computer Applications in
Health Care. Reading, MA: Addison-Wesley, 1990:37-69.
McDonald CJ, Barnett GO: Medical record systems. In: Medical
Informatics: Computer Applications in Health Care. Reading, MA:
Addison-Wesley, 1990:181-218.

Hohnloser JH, Purner F: PADS (Patient Archiving and Docu-
mentation System): a computerized patient record with educa-
tional aspects. Int J Clin Monit Comput 1992;9:71-84.

Gardner RM, Shabot MM: Computerized ICU data manage-
ment: pitfalls and promises. Int | Clin Monit Comput 1990;7:
99-105.

Sundar KS, Meiyappan S, Prakash O: A new approach: reusable
real-time database for medical instrumentation applications.
Int | Clin. Monit Comput 1989;6:127-31.

Gardner RM, Huff SM: Computers in the ICU: Why? What?
And so what? Int | Clin Monit Comput 1992;9:199-205.

Prakash O, van der Borden SG, Meji SH, Rulf EN, Hugenholtz
PG: A microcomputer based charting system for documenta-
tion of circulatory, respiratory, and pharmacological data dur-
ing anesthesia. /nt | Clin Monit Comput 1984;1:155-60.
Gardner RM: Computerized management of intensive care
patients. MD Comput 1986;3:36-51.

Field M], Lohr KN (eds): Guidelines for Clinical Practice: From
Development to Use. Institute of Medicine. Washington, DC: Na-
tional Academy Press, 1992.

Pierce EC Jr: The development of anesthesia guidelines and
standards. QRB Qual Rev Bull 1990;16:61-4.

Ackerman M]J, Clayton PD, Ball M]J, et al: Standards for medical
identifiers, codes and messages needed to create an efficient
computer-stored medical record. Position paper of the Ameri-
can Medical Informatics Association Board of Directors. | Am
Med Informatics Assn 1994;1:1-7.

Moller JT, Johannessen NW, Espersen K, et al: Randomized
evaluation of pulse oximetry in 20,802 patients: II. Periopera-
tive events and postoperative complications. Anesthesiology
1993;78:445-53.

J- Clin. Anesth., vol. 6, July/August 1994

51.

52,

53.

54.

55.

58.

59.

60.

61.

62.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

. Eichhorn JH: Pulse oximetry as a standard practice in anesthe-

sia. Anesthesiology 1993;78:423-6.

Gravenstein JS, de Veris A, Beneken JE: Sampling interval for
clinical monitoring of variables during anesthesia. J Clin Monit
1989;5:17-21.

Gardner RM, Hawley WH, East TD, Oniki TA, Young HFW:
Real time data acquisition: recommendations for the Medical
Information Bus (MIB). Int J Clin Monit Comput 1991;8:251-8.
Oniki TA, Gardner RM: Computerized detection of arterial
oxygen desaturations in an intensive care unit. Symp Comput
Appl Med Care 1993;17:356-60.

Schoenstadt DA: A computerized anesthesia record: an insur-
ance company’s perspective. Semin Anesth 1991;10:41-7.
Westenskow DR: Viewpoint: should the user be able to alter
the computerized anesthesia record? Med Innov Q Rep 1989;
1:6.

. Hamilton WK: Will we see automated record keeping systems in

common use in anesthesia during our lifetime? The automated
anesthetic record is inevitable and valuable. J Clhin Monit
1990;6:333-4.

. Edsall DW: Quality assessment with a computerized anesthesia

information management system (AIMS). Qual Rev Bull 1991;
17:182-93.

Edsall DW, Jones BR, Smith NT: The anesthesia database, the
automated record, and the quality assurance process. Int Anesth-
esiol Clin 1992;30:71-92.

Gardner RM: The HELP clinical decision-support system. | Med
Pract Manage 1994;9:177-81.

Chan LS, Schonfeld N: How much information is lost during
processing? A case study of pediatric emergency department
records. Comp Biomed Res 1993;26:582-91.

Kuperman GJ, Gardner RM, Pryor TA: HELP: A Dynamic Hospital
Information System. New York: Springer-Verlag, 1991.

Gardner RM, Maack BB, Evans RS, Huff SM: Computerized
medical care: the HELP system at LDS Hospital. | Am Health
Inf Manage Assoc 1992;63:68-78.

. Clayton P, Delaplaine KH, Jensen RD, Bird B, Evans RS, Cannon

CY: Integration of surgery management and clinical informa-
tion systems. Symp Comp Appl Med Care 1987;11:393-5.

Osborn JJ: Computers in critical care medicine: promises and
pitfalls. Crit Care Med 1982;10:807-10.

Kennedy PJ, Feingold A, Wiener EL, Hosek RS: Analysis of
tasks and human factors in anesthesia for coronary-artery by-
pass. Anesth Analg 1976;55:374-7.

Baetz WR, Schneider AJL, Apple H, et al: The anesthesia key-
board system. In: Gravenstein JS, et al. (eds): Monitoring Surgical
Patients in the Operating Room. Springfield, IL: Charles C.
Thomas, 1979:197-212.

Boquet G, Bushman JA, Davenport HT: The anaesthetic ma-
chine—a study of functional design. Br | Anaesth 1980;52:61-7.
Paull JD: Humanizing the computer. Anaesth Intensive Care
1982;10:191-6.

Sarnat AJ: Computerized speech recognition for anesthesia
recordkeeping. Med Instrum 1983;17:25-7.

Coiera E: Incorporating user and dialogue models into the
interface design of an intelligent patient monitor. Med Inf
1991;16:331-46.

Wang X, Gardner RM, Seager PR: Computerized anesthesia
reporting system: design and evaluation. Int | Clin Monit Comput.
Westenskow DR: Understanding and avoiding artifacts. Semin
Anesth 1991;10:15-21.

Beneken JEW, Blom JA, Meijler AP, et al: Computerized data
acquisition and display in anesthesia. In: O Prakash (ed): Com-
puters in Anesthesia and Intensive Care. The Hague: Martinus Nij-
hoff, 1983:25-43.

Meiyappan S, Prakash O: Development of software for pulse




75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

oximeter and investigation of its realtime response in clinical
environment. Int J Clin Monit Comput 1990;7:45-57.
Govindarajan N, Prakash O: Breath detection algorithm in
digital computers. Int J Clin Monit Comput 1990;7:59-64.
Fennema M, van Krugten RJ, de Boer HJ, Prakash O, Erdmann
W: Continuous intra-arterial PO2 monitoring during thoracic
surgery. Adv Exp Med Biol 1992;316:75-83.

Shabot MM: Standardized acquisition of bedside data: the IEEE
P1073 medical information bus. Int | Clin Monit Comput
1989;6:197-204.

Gardner RM, Tariq H, Hawley WL, East TD: Medical informa-
tion bus: the key to future integrated monitoring. Int | Clin
Monit Comput 1989;6:205-9.

Wittenber ], Shabot MM: The medical device data language
for the P1073 medical information bus standard. Int J Clin Monit
Comput 1990;7:91-8.

East TD, Young WH, Gardner RM: Digital electronic communi-
cations between ICU ventilators and computers and printers.
Respir Care 1992;37:1113-23.

Abenstein JP, DeVos CB, Tarhan A, Tarhan S: Eight years’ expe-
rience with automated anesthesia record keeping: lessons
learned—new directions taken. Int | Clin Monit Comput 1992;
9:117-29.

Govindarajan N, Meiyappan S, Prakash O: Real-time respiratory
monitoring workstation—software and hardware engineering
aspects. Int | Clin Monit Comput 1992;9:141-8.

Prakash O, Meiyappan S: Anesthesia support systems. Int | Clin
Monit Comput 1992;9:131-9.

Cole WG, Stewart ]JG: Metaphor graphics to support integrated
decision making with respiratory data. Int J Clin Monit Comput
1993;10:91-100.

Cole WG: Integrality and meaning: essential and orthogonal
dimensions of graphical data display. SCAMC 1993;17:404-8.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95,

96.

Computerizing the anesthesia record: Gardner and Prakash

Watt RC, Maslana ES, Mylrea KC: Alarms and anesthesia. Chal-
lenges in the design of intelligent systems for patient monitor-
ing. IEEE Eng Med Biol 1993;12:34—40.

Westenskow DR, Orr JA, Simon FH, Bender H]J, Frankenberger
H: Intelligent alarms reduce anesthesiologist’s response time
to critical faults. Anesthesiology 1992;77:1074-9.

Shabot MM, Gardner RM (eds): Decision Support Systems for Criti-
cal Care. New York: Springer-Verlag, 1993.

Larsen RA, Evans RS, Burke JP, Pestotnik SL, Gardner RM,
Classen DC: Improved perioperative antibiotic use and reduced
surgical wound infections through use of computer decision
analysis. Infect Control Hosp Epidemiol 1989;10:316—20.

Evans RS, Classen DC, Stevens LE, et al: Using a hospital infor-
mation system to assess the effects of adverse drug events. Symp
Comp Appl Med Care 1993;17:161-5.

East TD, Morris AH, Wallace CJ, et al: A strategy for develop-
ment of computerized critical care decision support systems.
Int | Clin Monit Comput 1992;8:263-9.

Gravenstein JS: Modern trends in monitoring in anaesthesia:
its benefits and costs. Eur Heart | 1989;10(Suppl H):28-32.
Pace NL: Technology assessment of anesthesia monitors. J Clin
Monit 1992;8:142-6.

Lerou JG, Dirksen R, van Daele M, Nijhuis GM, Crul JF: Auto-
mated charting of physiological variables in anesthesia: a quan-
titative comparison of automated versus handwritten anesthesia
records. J Clin Monit 1989;4:37-46.

Stead WW, Haynes BR, Fuller S, et al: Designing medical in-
formatics research and library resource projects to increase
what is learned. | Am Med Inf Assoc 1994;1:28-33.

Greenbaum J, Kyng M: Design at Work: Cooperative Design of Com-
puter Systems. Hillsdale, NJ: Lawrence Erlbaum, 1991.

J. Clin. Anesth.,, vol. 6, July/August 1994 341




