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before each dye curve is transcribed. The system is
essentially linear, and drift may be reduced to
approximately 1% of the peak height of a curve
over a 6-hr period.
The principle of computer calculation is shown in

Fig. 6. The computer uses the height and separation
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FIG. 6. Principle of cardiac output calculations using
analogue computer.

of any two ordinates C1 and C2 on the downslope
to calculate the area A of the extrapolated curve
beyond C2. This area is added to that from zero
time up to C2 to give the total area, when

Dye doseCardiac output Total areaTotal area

Predictive monitoring
Caceres (1963) and Pipberger (1965) have shown

how electrocardiograms can be analysed and diag-
nosed by digital computer.

Caceres (1966) has shown that measurement of all
the amplitudes and intervals of the ECG can be
effected in about 3 sec. This analysis can be ongoing
in line, i.e. the results can be written out as a graph
or plotted against time with a pen recorder so that
changes in the ECG pattern can be followed with
great precision.

Sayers (1966) has pointed out that methods are

available for assessing the extent and nature of
irregularities which might occur in a series of cardiac
cycles. In collaboration with him, work is currently
being carried out at Imperial College by Dr J. P.
Blackburn who has analysed a record of 20,000
successive ECG complexes of a patient with atrial
fibrillation. This patient had an episode of supra-
ventricular tachycardia lasting a few minutes,
although this incident passed unnoticed by patient
or nurse.
The record is being examined for the variation in

beat-to-beat interval to see if increasing runs of
short beats built up before the onset of the tachy-
cardia. Plots of expectation density function and
scaled histograms are being employed. This experi-
ment utilizes only a single parameter of the ECG but,
as Caceres has shown, many ECG parameters can
be derived and all these could be subjected to
analyses of this type, the results of which could be
cross-correlated with other simultaneous physio-
logical recordings for the purposes of predictive
monitoring.

It cannot be doubted that methods such as these,
used on line, will avert many of the disasters which
may threaten the intensive care patient of the near
future.
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Discussion to the paper by P. Cliffe

ROBERTS. Dr Cliffe has spoken of recording or monitor-
ing fourteen different physiological parameters during
intensive patient care and it is clear that there must be
considerable problems in taking note of and in using
all this information. The measurement of, say, the )aeart
rate is only the first link in a chain of communication
which returns ultimately to the patient via one or more
doctors or nurses, who can only take the appropriate
action to correct changes in heart rate if the information
provided by the recording system is brought to their
notice at sufficiently frequent intervals. An automatic

observer such as a computer could well monitor and
carry out corrective action in a continuous manner with
virtually no time lag between observation and action
but the relative slowness of response of the human
observer makes it impossible to achieve this ideal state
of affairs. It is therefore necessary to decide in advance
how frequently to monitor any particular parameter, or
when continuous monitoring is possible, how frequently
to observe and act upon the monitored information.
The use of a computer to predict changes in cardiac

action was suggested by Dr Cliffe with particular reference
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200 Discussion

to an episode of ventricular tachycardia which lasted a
few minutes, was recorded on tape as an ECG signal but
was not noticed at the moment it occurred, by the nurse
in charge of the patient. It is clear that if other similar
episodes could be predicted by a computer early enough
for preventive measures to be undertaken, then this
would certainly improve the efficiency of management
of such patients. However, as Dr Cliffe has pointed out,
the possibility of using this technique is still being
examined as a research project and, in any case, the
predictive information provided by the computer has
still to be communicated to the nurse or doctor rapidly
and frequently enough for action to be taken.

It seems to me, therefore, that the problem is one of
organizing the way in which we observe the machines
we use to monitor our patients' activities, and so I would
like to ask Dr Cliffe to describe the system he uses to
ensure adequate examination of the monitor records,
bearing in mind the human problems of fatigue and
boredom which do arise when continuous observation
of instruments is attempted. The answer to this question
will help to determine whether we use our monitoring
devices efficiently and in the best interests of the patients,
or whether, as one speaker has already said, we use them
merely to indicate that a particular patient requires
additional care.

CLIFFE. The ECG record, for example, was observed
continuously for the first 12 hr after cardiac surgery.
The staff responsible were an anaesthetist, a physician
or surgeon, a member of the Department of Clinical
Measurement and one or two nurses.
The episode of supraventricular tachycardia was

recorded on tape as an experiment in productive monitor-
ing. It is too early to predict the result of this research
but we hope that the systematic application of signal
analysis may yield valuable results.
The Department of Clinical Measurement at the

Westminster Hospital was set up in 1959 to provide a
service for investigations or treatment requiring a variety
of modern technical equipment. The staff of the depart-
ment includes three doctors, a scientist trained in
mathematics and physical sciences and technicians for
electronics, instrument making and for general laboratory
duties. This team works closely together and provides
a routine service for the various specialties mentioned
in my paper. Under these circumstances, measurements
for intensive care simply form part of the routine work
of the department.
SHERWOOD JoNES. I agree with Dr Roberts that it is

important and difficult to ensure that the intensive care
team does observe the relevant information, especially
when this is displayed continuously. We must remind
ourselves that many observations needed for intensive
therapy are repetitive and therefore likely to cause
boredom, a well-known hazard for airline pilots. Most
measurements are made by the nursing members of the
team and the medical or scientific staff should always
explain the significance of these measurements and thus
encourage accurate observation. The following example
may make this point clear. During IPPV it is usual to
record the machine pressures and minute volume at
intervals of 1 hr. Readings made during the first 36
hr of treatment of respiratory failure due to chronic
bronchitis are shown in Fig. Al. The arrows indicate

single doses of d-tubocurarine. During the 12 hours the
clinical improvement was associated with a progressive
increase in the minute volume from 10 to 17 litres, and
at the end of 24 hr the positive pressure was reduced to
20 cmH2O and the minute volume was maintained
between 15 and 20 litres. These results were very en-
couraging. If the observers are made to understand the
value of these measurements in relation to the treatment
of their patient their boredom will be reduced.
WOLFF. When looking at any monitoring installation

one should evaluate it from three points of view. These
are: (1) the physiological relevance of the measurements
made, (2) the validity of the technique used for making

E
20

E

> 15

E 0 .
30 ·

a) 0

' 25t -.

2oL

a-

*--@

00- ·* - 0 0

*S *

*
55

DOOOOOO ·*..... S
*-555

**-- * __e
0 12 24 36

Hours
No negative pressure Negotive pressure

5cmH20

FIG. Al.

the measurements, and (3) the operational practicability
of using the same system in other and perhaps less for-
tunate hospitals. Dr Cliffe cannot be faulted on the first
two items, but I am not sure how much his operational
efficiency depends on the very favourable staff situation,
both in respect of doctors and nurses, which exists
in his department.

I like to think of patient-monitoring equipment as a
technological leveller which might serve to raise the
overall level of care in a less-favoured establishment
towards that of a good one. It remains to be seen whether
this can best be done by concentrating on the intensive
care situation and making more and relevant information
easily accessible without placing further technical
loads on the nurse, or by the provision of general super-
vising equipment on less ill patients, thus allowing some
redeployment of staff or attention.
However, if any of this had to happen, there must be

some standardization of equipment, so that nursing
staff do not continually have to re-adapt to different
tailor-made assemblies, and also so that training acquired
in one hospital is not totally irrelevant in another. In
the 'Monitron' system, one part of which Dr Cliffe
mentioned, we have made a real attempt to create
equipment which, whilst versatile and adaptable, retains
sufficient common features in any of its configurations
to make training to the system a meaningful concept.
The 'Monitron' method of displaying information to an
observer is shown in Fig. A2.
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FIG. A2. A five-channel display. That part of the column which appears black in the photograph is in
reality a translucent dark green. Any of the five displays is individually removable from a frame screwed on to
the wall. The lights at the bottom of each channel flash when the high or low alarm level has been passed.
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