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Application of Computer Systems in Critical Care

K. GEIGER

During the past decade innovations ‘n biomedical computing have produced hard-

ware and software systems that now enable monitoring of critically ill patients on a

much more extensive and useful level than was possible before. Intensive care unit

computer systems were designed initially for monitoring vital signs such as heart rate
and blood pressure from bedside hardware, but increasing numbers of signals are now
being demanded and no end is yet in sight. The technological imperative is partially
responsible. Advances in electronic monitoring devices have paralleled progresses in
information processing and miniaturization of microprocessors. Clinical and experi-
mental medicine has responded by examining new parameters of monitoring which
can be employed more efficiently in patient assessment. A great number of intensive
care units in Germany are still equipped with noncomputerized monitoring systems.

Such systems have some inherent problems which encroach on the efficiency of

patient management:

1. They cannot perform quantitative analyses or present the data in a variety of
formats. Current noncomputerized monitoring systems have no storage capacity,
making trend analysis of any of the patient’s physiologic parameters impossible.
Such information is important, helping the clinician to assess the patient’s status
and determine the necessary therapeutic measures.

2. They lack the capability of automated logging and data retrieval. Significant events
are recorded solely by manual charting. Such systems do not allow the setting of
priority alarm conditions according to previous events. Neither is it possible to
recall and display past data in an easy and convenient manner.

Present-day computerized monitoring systems provide continuous or intermittent
monitoring of many input data. Clinically relevant ICU data center on cardiopulmo-
nary function. The physiologic parameters commonly monitored nowadays are as
follows:

Systolic, diastolic, and mean blood pressure are displayed. An automatic calibra-
tion system for blood pressure transducers has been described (Martin et al. 1973). A
computer algorithm has been developed to detect the distortion of arterial blood
pressure wave forms caused by blood clots or air bubbles in the catheter.

ECG is continuously monitored. The ECG wave form can be sampled at a rate of
250 or 300 per second and the R waves identified on the basis of their amplitude and
the steepness of the downslope. The data points can subsequently be analyzed to give
the R wave widths. A computer program may than sort the beats into various
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categaries such as normal, premature, wide and late. Preprocessing computer prog-
rams like the Aztec inaugurated by Cox (Cox et al. 1968) have been developed for the
efficient sorting of ectopic beats. This system accurately detected 78% of ventricular
ectopic beats; however, movements artifacts and/or conduction defects are associated
with significant error rates. Most arrhythmia-detecting systems use measurements of
QRS width, offset, amplitude, and area to classify complexes into morphological
families. Another approach combines the major elements of cross-correlation of QRS
signals, as well as grouping of complexes into families and clusters. Westenskow
(1982) recently described a system that uses both esophageal and surface electrodes to
detect cardiac arrhythmias in the operating room. A strip chart recorder provides a
permanent record of ectopic beats and the computer’s interpretation of these. He
reported a false-positive rate of 0.034% and a false-negative rate of 0.107%. A typical
application of such systems could be the monitoring of the efficiency of antiarrhythmic
therapy.

Cardiac output is commonly determined by thermal dilution. Warner et al. (1968)
developed a method, of measuring cardiac output that was not dependent upon
analysis of the indicator dilution method. They attempted to estimate stroke volume
from central aortic pressure analysis. This method is based on an application of signal-
processing techniques in which the computer is programmed to identify critical points
on the central arterial pressure contour. Since the arterial vascular system possesses
elements both of resistance and capacitance, only a fraction of the blood expelled
from the left ventricle during systole will leave the large vessels of the arterial system
during systole. A considerable portion of the blood ejected from the heart stays within
the elastic reservoir of the vascular bed and leaves large vessels during diastole. In
Warner’s analysis the stroke volume can therefore be separated into systolic drainage
and diastolic drainage. The final mathematical equation involves a constant which
relates pressure to volume in the aorta and is in practice obtained for each individual
by a single measurement of cardiac output using the indicator dilution method. In
general, this technique appears to be a reasonable measure of cardiac output which
can be obtained on a beat-by-beat basis in many clinical situations. However, it has
recently been shown that major changes in the constant may occur in individual
patients during their postoperative course (Kouchoukos et al. 1969).

When it is required to monitor cardiac function apart from cardiac output, a
computer can be used to follow changes occuring in systolic time intervals.

Respiratory rate can be monitored directly or indirectly from the pressure fluctua-
tions observed on the central venous pressure or from the variations in the height of
the R waves of the ECG. Detailed accounts of computer-based bedside monitoring
and respiratory system analysis have been given by Osborn (1975) and by Peters’
group (Peters and Hilberman 1971). In their approach a pneumotachograph is placed
in the respiratory line. This may be at the endotracheal tube for an intubated patient
or in a face mask for a patient breathing spontaneously. This sensor has been modified
to permit measurement of airway pressure as well as flow and to allow continuous
sampling of the gas mixture passing through the pneumotachograph. In this way
respiratory flows, pressures, and gas composition can be continuously monitored, gas
analysis being carried out by rapid analyzers carbon dioxide and oxygen. The compu-
ter program permits the computation of respiratory mechanics and gas exchange,
including oxygen consumption, carbon dioxide production, respiratory quotient, and
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the physiologic dead space. By manual, digital entry of the arterial and central venous
blood gases and hemoglobin it is possible to obtain estimates of the cardiac output
(using the Fick method) as well as the percentage of venoarterial admixture across the
lung. These data as well as pressure-volume curves can be displayed at frequent time
intervals and pulmonary work per minute, compliance and resistance computed along
with the ratio of dead space to tidal volume. Such techniques provide the means to
identify those points in the chain of ventilatory events at which defects have appeared
and to give quantitative information helping to rectify the clinical problems. Peters
(Peters and Hilberman 1971) has developed indices that may be used to warn in
advance of deterioration of pulmonary function. There is, however, a continuing need
for the development of error detection and on-line multivariable pattern recognition
algorithms which can delineate significant trends while rejecting artifactual tran-
sients.

A new generation of microcomputer-controlled ventilators has just emerged. They
incorporate the features of a versatile lung ventilator and a lung function testing unit.
Complex breathing maneuvers for a variety of single- and multi-breath lung function
tests can be automatically performed. If equipped with a gas analyzer, the devices gan
function as “demand” ventilators allowing for set-point control of end-tidal PCO, and
PO,.

Computer systems have been successfully utilized in the analysis of blood gases and
acid-base status (Maas et al. 1972; Neff et al. 1970; Valbona et al. 1971).

Attempts have been made to analyze the EEG with respect o frequency and
wave shape. Computer-aided EEG monitoring has been employed in guiding barbitu-
rate therapy in intracranial hypertension (Hjrth 1970; Myers et al. 1973; Sebel et al.
1983).

Enormous efforts are being made to develop new computer systems to fulfill other
functions, including management of pharmacologic interventions, evaluation of the
effectiveness of various modes of therapy, and repeated analyses of patient status.
Automated systems have been developed to deliver prescribed and programmed
treatment, such as the administration of appropriate and adequate amounts of blood
or of a pharmaceutical agent to maintain specific physiologic conditicus in a patient.
There have been several attempts to computerize the control of specific pathophy-
siologic situations.

In appraising the use and value of computer technology in critical care, other
aspects of patient care must also be considered.

A potentially valuable application of computer technology is in the delineation of
physiologic models. The principle behind the application of mathematical modeling
to physiologic systems is ro obtain more information from the observed data by fitting
them with a set of equations that can be used to describe quantitatively particular
aspects of the system. Mathematical representations of biological signals have often
been developed into true functional models in an attempt to characterize various
aspects to the system generating the signal. Such models can be considered as
attempts to describe the general biochemical or physiologic functions of the system in
circumstances where it is difficult to develop or test sufficiently detailed mathematical
expressions of the mechanical or physiochemical properties, or control mechanisms
that are aspects of the system. Such techniques have successfully been used in defining
compartment models.
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Another important area where computer technology may be extremely useful in
solving critical care problems is simulation. Simulation has been mainly confined to
physical models because of their preciseness in describing biological phenomena. A
valuable application of this approach is the description of behavioral models of
different body systems. Siegel (Siegel and Farell' 1973) has used it to study how
changes in cardiac output and alveolar ventilation and their respective distributions
interact in the patient with acute post-traumatic pulmonary insufficiency and thus find
out how the transitions between the typical pathophysiologic states can take place.
The most exciting prospect of this technique is the possibility of effective clinical
computer simulation of different forms of treatments in the critically ill patient. This
application may help to identify the best therapy with greater sophistication and with a
better chance of success.

Computers have also been applied in student instruction and medical education.
Computer-assisted learning is a versatile and stimulating means of acquiring know-
ledge, forming a useful adjunct to traditional methods. However, it should not be
used as a substitute for traditional teaching methods, because by its very nature, it
tends to provide information in an unqualified, factual form which is often remote
from the realities of clinical practice. At present there is only limited experience in the
evaluation of such programs in terms of quantitative and qualitative knowledge. It
appears, however, that computer-assisted learning offers the opportunity of an earlier
introduction to intensive care problems and the possibility of continuing self-evalua-
tion.

Comprehensive automatic monitoring systems have proved to be effective in
increasing the efficiency of ICU staff. For example, by relegating routine, well-
defined, repetitive tasks of these systems, nurses have been able to concentrate on
direct patient care. Compared to the ususal manual methods of measurement, auto-
mated measurements are more accurate, more reliable, and more consistent. Further-
more, once these data are stored in the computer memory, they can be retrieved more
quickly and can be presented to the personnel to indicate trends in the various
measurements, enabling the staff to assess the patient’s condition more accurately.

The various applications of computer systems have the potential of providing a
better understanding of the patient’s clinical problems and a better outcome. The
most successful aspect of the use of computer technology in critical care has been its
demonstrated capability of assimilating and processing enormous amounts of phy-
siologic data in a short period of time. This may enable the intensive care staff to relate
the present pattern of patient response to past experiences in a quantitative manner.
By using new types of data correlation it may contribute to enhancement of diagnostic
ability and recognition of clinical patterns and their therapeutic implications.

There are, however, still many problems regarding the application of a useful and
efficient monitoring system in the intensive care unit environment. The most signifi-
cant ones do mot involve available technology. The establishment of prescribed
medical procedures that can be programmed and turned over to an automated
approach is the greatest challenge of all. Successful application of computer technol-
ogy to the monitoring of critically ill patients requires definitive, quantitative descrip-
tions of signal characteristics and specific conditions that must be detected. It is the
explicit nature of programming the computer that imposes such demanding specifica-
tions. The development of computer programs with sufficient sophistication to recog-



