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Incidence
FARMAN. IS information available about the number

and proportion of patients in a hospital for whom
monitoring is needed?
STEWART. This, of course, is a thing which the indi-

vidual clinician must decide in the setting of his specialty
and of the hospital and of all the local circumstances.
I do not think that monitoring will reduce requirements
for nursing staff but it is to be hoped that it will increase
the efficiency with which continuous surveillance can be
carried out.

KENEDI. May I press the point of the questioner. Does
anybody have any statistics, at the present time, as to
what proportion of patients do need and, in fact, are
monitored?
WOLFF. The policy figures are in the region of 1 % of

the acute surgical and medical beds in the country. Thus
there may be a market of something like 1600 monitoring
devices since there are about 160,000 acute beds.
FREUNDLICH. My calculations, based on 1600 moni-

tored beds and the assumption that the average patient
stays in such a bed for 2 to 4 weeks, give 25,000 patients a
year. I would like to know whether this type of monitor-
ing really would produce some measurable results. If you
have an on-line computer at each bed the total costs for a
project of this kind would be in the neighbourhood of
fifty million pounds. Is this a justified expenditure if even
1 % of these patients are saved? These facts should be
investigated when considering a project of this size.
TAYLOR. There appears to be some real need, on a

cost advantage basis if this is the way to put it, for simple
monitoring in most general hospitals throughout the
country. An example of a central user requirement
exercise was given and this is the simple way to answer
your point. In the main interests of the majority of users
in the National Health Service and of manufacturers the
object of this exercise was to define what is tangible and
needed today, and as an aid to staff, not to replace them.
Once you step outside those simple requirements then the
problem is of much greater magnitude.
MORGAN. The question of cost effectiveness has

raised its head again. Would anybody like to put forward
any estimates as to how one is going to assess cost in
benefits of improved patient care?

Lifeline patient monitor
WOLFF. It would appear to me that the Lifeline

monitor is yet another display device. It has not in any
way attacked the fundamental problems which are posed
by monitoring because it has neither done anything about
the question of picking up the original signals nor pro-
cessing the signals. This is not a monitoring device as such
and by removing the actual analogue information one has
removed what is the most valuable part of the monitoring
system, for it is this that gives information about the
trends of information. This is only an alarm device which
would be useful when used in conjunction with more
conventional display devices rather than a device that
can be used by itself. It is like a fire alarm which tells you
that something dangerous has already happened rather
than giving you advance warning that something danger-
ous is going to happen in 20 minutes time unless you are
going to do something about it. This should be used in
conjunction with meters, oscilloscope displays, anything
you like, but to throw away the trend information that
you get either from a recording or from memorizing what
the actual values are must in the end be to the disadvan-
tage of the patient.
STEWART. It is apparent that there is a difference of

views in respect both of definition and philosophy (Wolff,
1968; Stewart, 1969). Briefly, the machine monitors, that
is warns, but it does not measure physiological variables
although the latter information can be extracted if
desired. Trend information is of the utmost clinical im-
portance but much of this is more ably collected by the
nursing staff with greater reliability and greater precision.
It has not been suggested that this information can be
dispensed with. Previous alarm systems for cardiac arrest
were quite unreliable. Raison et al. (1968) have shown
that the reliability of cardiac arrest diagnosis can be
enormously increased. This reliability has now been
extended to hypoxia and shock as well as cardiac arrest.
Even fire alarms have their uses.

PENNY. It seems to me that the machine provides the
best of both worlds. All the unnecessary attachments have
been eliminated but if you want to add any or all ofthem
for a particular purpose the provision is there. Start with
the basic unit and, for example, plug in your recorders if
you want to know how the patient arrived at a particular
condition which is alarmed by this box.
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RAISON. With respect to displays, we found we had to
put back the old wave-form demonstration not only as a
fail-safe device but because the nurse wished to be
reassured that the machine was measuring a biological
wave-form and not an electrical signal generated hap-
hazardly. The moment she has that picture going on she
takes little more notice of it. Occasionally she looks at it
later but she knows that the computer is looking at
something patho-physiological or physiological. It is,
however, of interest that nurses, who are not familiar
with respiratory wave-forms, quite happily accept pro-
cessed respiratory data as valid.
STEWART. The machine calls the attention of the

nurse to the fact that something is wrong and the display
is essentially simple. Although wave-forms can be
extracted from an alternative output, I do not think this
should be done routinely, it will then encourage the nurse
not to rely upon the machine but to look at the patient,
where her attention should be directed. This machine
sticks to monitoring and leaves the nurses to do the
nursing.

WOLFF. Fire alarms are useful but a fire alarm only
goes off when something's got burnt. It is much better
to prevent the outbreak of fire. Thus monitoring develop-
ment should be directed towards the detection of as many
prognostic signs as possible. Arrhythmia detectors for
example, permit correction with lignocaine before
ventricular fibrillation ensues.

STEWART. It was with this in mind that a machine was
designed which would give an early warning of change in
the heart rate, blood pressure or respiratory parameters.
Thus there is, in fact, an early warning as well as the fire
alarm. In specialized cases, of course, further early
warnings can and should be obtained. The importance of
arrhythmia monitoring as an accessory facility has already
been emphasized.

Safety
WARREN. I have had occasion to monitor patients

with inducers implanted in their chest walls. The device is
connected by wire to the carotid sinus for the induction of
a carotid aortic arch reflex to lower cardiac output in the
treatment of angina. Are these a hazard in terms of
ventricular fibrillation?

LEE. IS there an electrode lying on the heart?
WARREN. No.
LEE. Then the circumstances of your device are

different from those I described and extrapolation to this
new set of circumstances would not be justified.
FARMAN. I would not like people to go away with the

impression that no anaesthetic agents increase the likeli-
hood of ventricular fibrillation. It has been very well
documented that certain agents, namely cyclopropane,
halothane and trichlorethylene, reduce the arrhythmia
threshold.

LEE. I would not dispute that at all but I was quoting
a study in which the ventricular fibrillation threshold had
been measured on the conscious and then on the anaesthe-
tized animal. Have comparable studies been made with
the agents you mention?

FARMAN. Most of the work in this field has involved
introducing an agent such as halothane into the anaes-
thetic circuit in subjects already anaesthetized by some
other means but some work is of the type you quote. In
all these circumstances the incidence of arrhythmias is
increased.

Patient attachments
HEWER. We have had a certain amount of experience

with telemetry and agree very strongly with what has been
said about the relief which is afforded to patients who are
not bound to be strapped to the bed by wires. What future
does a really reliable system ofradio-telemetry monitoring
have both in respect of patient comfort and staff con-
venience? Pre-operatively, it is possible to attach sensing
elements to the patient and thus to cut down wasted time
in the anaesthetic room, and to monitor the patient
during the induction of anaesthesia. It is probably in this
situation that the patient has the greatest need of moni-
toring.
CROCKETT. I am sure that telemetry is probably the

answer to much of this problem. Alternatively, ballisto-
cardiography may play a part in monitoring cardiac func-
tion by a method which would not involve attaching any-
thing to the patient. Although there are difficulties of
bedmaking, ballistocardiography and telemetry are
clearly the things of the future.
ELKINGTON. The recommended method of patient

attachment bares the chest but covers the abdomen. Can
the belt be released quickly to allow abdominal examina-
tion?
CROCKETT. These belts were fastened by a 'Velcro'

fastener which is very easy to undo quickly. We are
currently once more exploring the axilla as a principal
site for patient attachment because we have found the
abdominal belt, which tends to ride up on the patient's
back, is very uncomfortable.

Coronary care
QUESTION. Are there any figures as to the difference in

mortality through the mobile teams that are used in
Belfast?
ADGEY. Published mortality figures for myocardial

infarction refer to patients in hospital and cannot be
directly compared with the patients that we see outside
hospital. Our overall mortality figures are 12-18%
depending on when we see the patient. We see the majority
of our patients very early after the onset of symptoms and
lives are saved by preventing the development of lethal
arrhythmias and by resuscitation from cardiac arrest
sustained prior to admission to hospital. In areas without
a mobile unit deaths outside hospital are unnoted.
BROCK. What effect on mortality has resulted from

going to these patients at the site of their infarction and
treating them from there?
ADGEY. There is a tremendous salvage of people here

by preventing the development of ventricular fibrillation
but this cannot be correlated with a group in hospital
who are first seen some 8-10 hr after the onset of
symptoms. Thus mortality figures for patients who are
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dead when first seen must be added to the hospital group.
In the City of London, for example, the incidence of
deaths in ambulances is 10-15%. That is, patients who
were put into an ambulance alive who turned out to have
an acute infarct and who were dead on admission to the
casualty department of a hospital. Ifyou take together the
figures of those who die before they are hurriedly put into
a vehicle plus those who die in some vehicle or other being
taken to a hospital, the number of deaths will far out-
weigh the number of people that will quickly get into a
hospital. Our emphasis in mobile coronary care is to
treat that patient as he lies at the site of attack.
BROCK. I understand of course, the difficulty in

assessing which patients might have died if you had not
got to them quickly, but there are patients whose lives
must have been saved by the recognition and successful
treatment of the otherwise fatal arrhythmias. Can you
perhaps let us know of any figure about that?
ADGEY. May I refer you to the two recent articles

from the unit, one on the high incidence of bradyarrhyth-
mia in acute myocardial infarction patients treated outside
hospital (Adgey et al., 1968) and the other on the manage-
ment of ventricular fibrillation outside hospital (Adgey
et al., 1969).

It is, however, very difficult to say that because we have
treated somebody with complete heart block outside
hospital that a life has thereby been saved. May I again
say that there is a very high salvage rate here which
cannot be measured. You cannot assume that these people
will die if they do not get any treatment but it is known
that they have a very high chance of dying.
LEDINGHAM. Has consideration been given to the

hazard of using a high-flow oxygen administration system
with high voltage electric and electronic apparatus in the
confined environment of an ambulance?
ADGEY. We do not use a high-flow oxygen system.

Oxygen from an ordinary oxygen cylinder is administered
to the patient at some 4-6 1/min. There is a normal air
circulation in the ambulance and the defibrillator is not
charged unless it is used.
LEDINGHAM. The system that you are using is basic-

ally a high-flow oxygen system.
ADGEY. In myocardial infarction the administration

of large quantities of oxygen has been shown to increase
the peripheral resistance, thereby increasing the work of
the heart, and may be deleterious. In cardiogenic shock,
however, a high flow of oxygen may be given in a hyper-
baric oxygen chamber.
LEDINGHAM. It has been established (Cameron et al.,

1964) that there is no statistically significant difference
between hyperbaric oxygen and normal pressure oxygen
in recovery from myocardial infarction.
VAN SWAAY. Could you give us the figure of the time

delay between the beginning of symptoms and the arrival
of the flying squad?
ADGEY. The median of 8 hr refers to the normal

admission of patients through the casualty department to
the coronary care unit without a mobile coronary service.
With the mobile unit we see 25% of our patients within
the first hour and 52% within 2 hr of the onset of
symptoms.

TAYLOR. There are views in some parts of the world
that the thing to do is to get the patient to come straight
to the coronary care unit by private car the moment they
have symptoms and without calling a doctor. This may
be in special circumstances but have you any comments
to make on that particular technique?
ADGEY. Such patients are not in our opinion fit to be

put in a car or even an ordinary ambulance and rushed
to the nearest hospital in the hope that they would be
alive by the time they arrived. Nothing could, in fact,
have saved the life of a patient in whom the presenting
manifestation is ventricular fibrillation not chest pain.
We believe that the proper thing to do is to initiate
treatment at the site of attack and as soon as possible. In
particular the rhythm must be stabilized prior to trans-
port to hospital.

Computers
LIGHT. It seems to me that if computers are going to

make their mark then a vast improvement in the actual
display system is required to punch home the impact of
the readings.

PAYNE. What you get from your computer is whatyou
put into it and anyone can design the particular pattern
of output required.
MORGAN. There is a fairly general misconception, I

think, about the soft-ware problem. The quality of soft-
ware writing in this country is, in fact, very high. The
expenditure on soft-ware writing to date, and particularly
in the medical field, has been rather low. In the States it
has been very high so that American manufacturers can
offer you soft-ware. You will be able to get soft-ware
developed that is of equal quality in this country, if you
can spend the money on it.

PAYNE. Iam not denying that when soft-ware develop-
ment is done in this country it will also be good. The fact is
that the manufacturers put the hard-ware machinery on
the market without the soft-ware development having
taken place. In fact, many of the manufacturers depend
on the user to produce the soft-ware for them. This has
happened with every American company that I know of,
and it is happening in this country today.

RAISON. We now know a good deal about the way
these data must be presented to nursing staff. The ulti-
mate point is that you have to present the monitoring
output from the computer in the form of words identify-
ing what has gone wrong, backed up by a visual display
either in graphic or alpha-numeric form. At the present
time about 40% of the small diagnostic programmes that
are effective appear in word form. All the remainder are
a graphic display with a variable time base which deals
with the problem of how long has that trend-change
taken, with the last set of values identified in figures.

Foetal monitoring
CRocKETT. There has been a suggestion that by

studying the axis of the foetal electrocardiogram you can
predict the sex of the baby before birth. Have you any
confirmation of this?
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CURRAN. The suggestion by Larks, Webster & Larks
(1967) was that the amplitude of the electrocardiogram
might indicate the sex of the baby and I think he is
probably right. The axis is a different problem for which
there is insufficient evidence at present.

RAISON. There is a suggestion that monitoring of the
foetal electrocardiogram and the uterine contraction to
detect slowing of the heart rate in relation to uterine con-
traction is a significant contribution to the survival of a
baby through the hazards of birth.
CURRAN. I agree entirely with what How (1958) has

done but he has replaced the subjective clinical examina-
tion of the patient with a subjective clinical examination
of a displayed output.

RAISON. There is some significance in this?
CURRAN. Yes, but you can get the same information

by looking at the patient, and the doctor has still got to
look at the display.
SIMCOCK. There is an instrument available which pro-

vides instantaneous beat-to-beat information during con-
tractions. This provides information about the foetal
heart rate during contraction when there is an obstruction
to the cord. You could not see this visually by looking at
your patient.
CURRAN. This machine plays a very great part in

obstetrics but it does not predict which child is going to
arrive at trouble, it merely indicates the child which has
already arrived there.
MORGAN. Have you had any trouble with change in

dynamic performance of the ballistocardiograph table as
you move it from site to site, or was it calibrated in situ?

CURRAN. The response of this table is in fact linear
from less than 1 cycle/min up to 300 cycles/sec and it is
an absolute system. There is no calibration as such
involved as the output of the crystal is so many milli-
volts per gram force. It is a force ballistocardiogram with
vhich we are measuring not displacement but force.
VAN DER MAAS. What do you think is the usefulness

of B-scan ultrasonoscope in the future, not now but in
2 years?
CURRAN. It is very useful but it is supplying a dif-

ferent kind of information.
VAN DER MAAS. It may be used to derive the foetal

heart rate.

CURRAN. Yes, but at 1 watt per square centimetre one
could not afford to use this for long-term monitoring.
HEWER. What do you think of the value of foetal

scalp pH measurements in predicting the viability of a
foetus?
CURRAN. This is one of the most valuable techniques

introduced to modem obstetrics. It is, however, open to
one criticism, that again, one must wait until labour is
established before any estimate of the baby can be
obtained. The methods we are suggesting allow an esti-
mation of the likelihood of the child's survival well before
labour is established.

Sensors (respiration)
WRIGHT. In the field of respiration in which I have

practical experience, an attempt has been made to make
extremely simple respiratory monitors. These are pri-
marily for premature babies using chest or abdominal
expansion as the basic phenomenon. There are a number
of ways of doing this and many of them are quite success-
ful although they are extremely liable to artefacts. The
aim was to make monitors simpler and cheaper and it
seems to me that for practical purposes as far as moni-
toring is concerned the only important change is cessation
of respiration. Moreover most patients nearly always
cease any other form of movement some time before
respiration ceases. It may be possible to accept rather
cruder devices with a very high signal-to-noise ratio under
ordinary conditions. Such devices should be really quite
simple, cheap and reliable. The same approach might be
worth considering with respect to cardiac monitoring.
For instance, a very simple ballistocardiograph such as
an accelerometer on the top of the head, would give
information about pulse rate and pulse force and the two
combined might give really quite useful information,
particularly in a very seriously ill patient who was not
moving about.
WOLFF. I very largely agree. Alternative methods need

not necessarily be mechanical. For instance the whole
baby may be placed in what is effectively an electromag-
netic field. Any small motion upsets the field which can be
detected electrically and requires no attachment to the
child at all.

STEWART. One of the problems with several sensors
is that all may be subject to the same type of artefact.
Thus motion artefact may manifest as electrical distur-
bance and as mechanical disturbance. It is important
when a variety of sensors are used to choose these in such
a way that they are not sensitive to the same types of
artefact.

MORGAN. It has been pointed out that the computer
can be used to remove some artefacts from parallel signals
and I think this also implies that rather than make trans-
ducers that are not subject to the same type of stimulus
perhaps one should make transducers that are all subject
to the same stimulus. If the stimulus appears in five com-
pletely different physiological transducers it is possible
with the aid of a computer to remove them. If they appear
differently in each lead then you are in trouble.
WRIGHT. On the question of saline against dextrose

intravenous infusion, I think that the figure of 1 ml/hr is
quite excessive; you can probably get away with 1-2 ml in
24 hr and, therefore, it really does not matter what
you inject and you might as well inject the heparin in
distilled water and you get over your activity problem and
your sugar problem at the same time.

WOLFF. The volume required to keep catheters
cleared depends on the size of the catheter. I would agree
that for a catheter of bore 0-5 mm the volumes can be
appreciably smaller. For a 2 mm catheter, however, one
probably has to use volumes of the order of 1 ml/hr.
The amount of haemolysis one is likely to get from
1 ml/hr of distilled water must, I agree, be trivial.
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PAYNE. It is, however, easier to get saline in the
operating room than it is to get distilled water.
LUNN. It is disturbing that two speakers feel that it is

less important to measure volume of ventilation than to
see whether or not infants are breathing. The airway of an
unconscious neonate is notoriously difficult to maintain
and it is surely important to ensure not only that the air-
way is patent but also that the volume of gas moved is
adequate.
WOLFF. Although it is desirable to measure the

physiological variable of interest it is practicable to
measure volumes only by an attachment to the face,
mouth and nose. Alternatively, it would be appropriate
to measure tissue oxygen since the whole purpose of
respiration and circulation is to keep an adequate oxygen
tension in the tissues. During the first few days the
umbilical arteries and veins are quite accessible. If inter-
vascular methods are ethically acceptable, these provide a
highway of information from inside the baby. They
probably incommode the patient least and also provide
the hardest data.
WRIGHT. I agree that measuring volume of respira-

tion is a highly desirable activity but it is very difficult to
do compared with merely measuring frequency. On the
other hand, it is also true that methods which measure
volume change by means of a belt or movement, do give
some indication of volume respiration and the system
can be set to a sensitivity not only to rate but to ampli-
tude of signal so that a signal is obtained if the amplitude
falls below a certain level.

STEWART. In connection with respiration rate moni-
toring the use of filters which permit selected sounds to
pass may be of value with, for example, a sound sensor
over the trachea. One such filter has been developed by
Mr Firkins (1969) and it seems to me that this possibility
offers some promise.

Servicing
TELFORD. Servicing monitoring equipment raises

many problems particularly with regard to the inter-
relationship of hospital-employed electronic technicians
with those employed by the manufacturers. How far
should the hospital man go and when should he stop and
leave it to the manufacturer, and what do the manufac-
turers feel about a hospital-employed man interfering
With their equipment?
WOLFF. The level of technological culture in our

hospitals is totally inadequate to absorb the kind of
equipment which is being installed in hospitals and there
are three quite distinct levels at which equipment main-
tenance should occur. The first is undoubtedly the nursing
staff. If an intravenous drip, which must be one of the
most unreliable pieces of equipment ever to be designed,
goes wrong the nurse knows exactly what to do to put it
right. If something, which is fundamentally no more
serious, goes wrong with a piece of electronic equipment
she has to go and ring up a technician and she loses not
only face, because she cannot get herself out of trouble,
but she loses faith as well because the equipment has gone
wrong. I believe that it is possible to design equipment
where a large proportion of the in-service failures can be
diagnosed and removed by the nursing staff. The next

level is a hospital technician with knowledge of electronic
equipment. He comes on duty next morning and he is the
contact man with the manufacturer. Everybody ought to
have a servicing agreement with the manufacturer and as
part of the agreement a stock of spares is kept in the hos-
pital. Instead of calling the manufacturer's representative,
the technician can draw on the store and post the defec-
tive bits back to the manufacturer. The third level of care
is the serviceman from the manufacturer. No manufac-
turer in this country can maintain the speed of response
required to satisfy the customer. It is, therefore, impor-
tant to pay attention to these two intermediate stages.
Our thinking at the Medical Research Council at the
moment is orientated to set up an organization which
does operate at these three distinct levels. The self-
diagnosis fault-identifying system must, however, be
designed in the equipment right from the time of concep-
tion.

STEWART. One is concerned about the possibility of
electrical faults developing which may be dangerous to
the patient. It is very important to ensure that attempts at
servicing cannot produce dangerous electrical faults.
ADGEY. May I come back on just one thing Mr Wolff

has said here and that is that you may have the spare
parts if you get a contract from the manufacturer's side,
you may have the spare parts on the site, but if you do not
have the technician to put those spare parts into the
machine when the machine has broken down then you, in
fact, fail. The big problem is not really getting the spare
part but diagnosing the fault and speedily getting it
sorted out. The only way to do it is to have our own
people on the spot who carry our own spare parts. Con-
tracts with manufacturers completely fall down because
there are so many loopholes in the contracts. They just
do not seem to be a viable proposition.
CHAMBERLAIN. The trouble with all monitoring equip-

ment seems to be unreliability but it has been demon-
strated how computing equipment can reduce the level of
false information to an acceptable degree. Is it not more
feasible to use the computer as the technician, which has
been achieved very successfully as far as electrocardio-
gram monitoring of ectopics is concerned? Problems
include the basic cost of the equipment and, as far as our
own hospitals are concerned, the diverse geographical
locations of the patients that might require monitoring.
Is it realistic cost wise to achieve monitoring with the aid
of computing in this way and to provide for patients at
different locations in the hospital?
WOLFF. No, it cannot all be done by computers

because even if you have a computer at the end of your
monitoring system, the transducer, the flushing system,
the leads to the patients, the amplifiers and other signal
conditioners are exactly the same as they would be if you
had an ordinary monitoring system. These are the parts
where things go wrong.
ADGEY. A computer may put out on either a visual

display unit or a teleprinter where the exact fault had
occurred in the system. Computers are not, however, the
be all and end all and they also have got a down time, so
when the computer breaks down I am afraid there is
nothing one can do about this. Unfortunately, at the
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present time we do not have modular equipment so we
have to use the system which we have available at the
moment. If a technician is not available in the house it
may be necessary to wait for a long time, especially if you
come from Belfast in the north of Ireland and you have to
wait for a technician to arrive from London or from
Edinburgh. No manufacturer at the present time will
provide free of charge spare parts in a hospital for people
to use when their equipment breaks down and the further
you are from London the less likely they are to do this.
Even manufacturers complain about the financial burden
involved in carrying so many spare parts over and above
their ordinary needs. At Belfast an eight bed unit with a
central console and pre-hospital monitoring outside the
hospital could not possibly function without a chief
medical technician, medical physics technician and a
staff.
STEWART. There is an alternative solution. That is to

have the cost of monitoring equipment reduced so much
that one spare machine is available in the hospital. The
entire defective machine is replaced while it is serviced.

PAYNE. There seems to be an assumption that all
equipment is unreliable. I do not accept this. There is a
great deal of reliable equipment available in this country.
Unreliability is often due to the ham-handedness of the
doctors and other staff who handle it, and it may well be
that we should start training our nurses and our doctors to
ensure that they have at least some basic knowledge of
the equipment they are using.
WOLFF. If you buy £10,000 worth of X-ray equipment

you also engage somebody who has had 2 years training
to run it. If you buy £10,000 worth of monitoring equip-
ment, however, one has to make do with a few hours of
demonstration by the representative and an instruction
book. Thus, the hospitals are at fault for not having
realised that an appreciable proportion of the capital cost
of equipment must be invested in staff training.
STEWART. Information is available about comparative

frequency of faults in machines, in sensors and, of course,
at the patient-sensor interface. It would be interesting to
obtain further data about the types of electrical faults
which cause breakdown of machines. How many, for
instance, can be easily corrected?

COLLINS. We have had experience in the Newcastle
region for something like 21 years now regarding doing
our own maintenance and I feel that the system we have
come up with answers most of these points that have been
put forward-the need for skilled staff available in the
hospital, the ability to give guidance to nursing staff when
required and also to demonstrate equipment when it is
new and to take over from the manufacturer where the
manufacturer leaves off. We believe, and I think we have
almost proved, that such a service saves money in the
long run.
PAYNE. Can I comment again on computers? A com-

puter will only do what you tell it to do and the develop-
ment of the hard-ware in this country is as good probably
as anywhere else. Soft-ware development, however, is not
good and in my own department we have had a great deal
of frustration in the last year just on this problem. Due
to the lack of soft-ware development the user has to do his

own. Before the computer can operate smoothly a great
deal of work is needed.
WOLFF. It must be appreciated that keeping equip-

ment serviced costs money and one has to sell this to the
administration. Something like 15 % of the capital value is
required to keep the equipment serviceable. This has to be
paid for and is part of the running costs of intensive care
wards.

GREER. The local technician is indeed a most vital
contact man. Medicals talk to medicals and engineers
unto engineers. Even if the electronics engineer at the
hospital has never seen the equipment before he is
capable, at least, of translating the fault into language
which the factory will understand. He can talk to the
servicing department and make sense of such documenta-
tion as is available on site. At one point Dr Raison made
the comment that quite often the computers ran un-
attended for as much as 66 hours in the week. Please! is
that not an interesting comment in itself? I would like to
think they were capable of running unattended for con-
siderably longer.

RAISON. May I say that 66 hours was not a testimony
to the maximum time they run, it was simply to show that
every Friday afternoon everybody walks out of the place
and it works until Monday morning. They run for many
more hours than that routinely; this simply means that
we do not worry about them when they are unattended.
BALDWIN. IS there satisfaction with the present

standard of physical construction of monitoring equip-
ment? It seems to me that the equipment which is at
present available, is very similar to that which might be
used in the laboratory rather than that which you would
desire to use perhaps in a hospital ward or operating
theatre. Do we not require standards of drip-proofness,
of robustness and of cleanliness which are quite different
from the equipment we have at present?
WOLFF. The standards of reliability which have been

developed for military equipment or space equipment
could well be applied to hospital equipment but the
customer is not prepared to pay for it. Hospitals, by and
large, have not got enough money and much unreliable
equipment is purchased simply because it is cheap. Like a
red flag tied to the bottom of the bed, it merely indicates
that the patient with equipment attached to him merits
looking at rather more often than a patient who hasn't.
HEWER. I would like to make some rather naive com-

ments in a way about this whole problem. It seems to me
that the whole conception of the staffing of hospitals is
going to have to change gradually. Nobody who has an
X-ray department minds having radiologists and radio-
graphers. If you have a pathological department you
have pathologists. The problem is solved ifyou could only
encourage people in big hospitals to group their recording
and monitoring apparatus into a central department and
have this properly staffed with a highly skilled well paid
graduate engineer as well as an adequate supporting
technical staff. It is no good leaving all these things to
hospital technicians of the grade who are employed to
solder leads on to cystoscopes and to look after diathermy
leads. You need someone who is highly skilled to maintain
monitoring equipment adequately. Although he may have
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to be paid a reasonably large salary this policy would
ultimately result in a very big saving and a much more
efficient use of the equipment which is available.
STEWART. Do you think that a department of clinical

measurement can be organized on a regional basis rather
than just in a teaching hospital?
HEWER. Yes, I think so, provided you have adequate

communication and you have facilities for leaving around
the region certain nuclei of the most commonly used
equipment. I do not think it is feasible to run a portable
clinical measurement service in a van throughout a whole
region but I think you can, to some extent, service the
equipment on a regional basis.

Electronic maintenance in the Newcastle region*
B. Collins and Colonel A. P. Smith

Maintenance of hospital electronic equipment is
carried out by a Senior Electronic Technician (usually
qualified to HNC Electronics, on Medical Physics III
Grade), on the staff of the Group Engineer, at each of
eight H.M.C.'s so that all hospitals in the region are
covered.
Each technician has his own 'area' workshop occupying

some 300-400 square feet and basic test equipment and
tools costing approximately £400. He uses his own car to
visit other hospitals and is usually based at the largest
general hospital in his own particular area.
The aim of the service is to provide:
Routine planned maintenance visits to all hospitals so

that all equipment is periodically checked for safety and
correct performance, a breakdown service for dealing
with repairs when necessary, help and guidance to users
of equipment, i.e. problems of operation or application
and finally to give advice and assistance in the choice of
new equipment.

All electronic equipment except X-ray and nucleonic
equipment is included, i.e. in addition to electromedical
equipment, hospital services such as staff location, inter-
com, radio distribution, patient nurse call etc. are in-
cluded. The savings in service contracts thus more than
cover the cost of the technician's salary, expenses and
overheads.

Overall technical supervision of the scheme is provided
by a Chartered Engineer at R.H.B. level and two assis-
tants who provide a back-up service to assist with the
more complex problems and sophisticated calibration
requirements where they occur.
The service is aimed specifically at maintenance of

electronic equipment, and is not concerned with research
or development work. It has been welcomed by adminis-
trative engineering and medical staff as filling a very
pressing need in an economic and practical way in the
Newcastle Region. The first technician in post started
2i years ago, and the initial estimate of eight technicians
to cover the region was achieved earlier this year. Indi-
cations are that more technicians are required. Salary
scales for technicians carrying out this work are un-
attractive.

Other regions actively following the same principles for
organizing electronic maintenance are the Oxford and
Wessex regions, and at least six other regions are giving

* Contributed later, see Preface.

consideration to the Newcastle scheme with regard to
requirements for electronic maintenance in hospitals.

Clinical priorities
MELHUISH. My question is one of priority. There may

be many parameters measured in each patient but the
cost to the Health Service must be considered. Is it
possible to define the parameters in some order of
priority? The ultimate cost of a digital computer system is
going to depend largely on the volume of input/output
and its actual processing. The computer itself has big
advantages in continual monitoring and it has advantages
in the speed in which it can process and provide answers.
What is essential and in what order of priority, in a digital
computing system?

STEWART. It must be decided how patients can be
grouped to make the best use of facilities but, unfortu-
nately, it is not possible to predict accurately what
patients will give rise to problems or will be bad risks.
Obviously, in a cardio-vacular surgical unit specialized
facilities will be necessary. Equally in the treatment of
burs, different parameters will be important. In neuro-
surgery the problems are different again. One has to start,
I think, with the simplest parameters needed by most
patients who have to be monitored. As requirements
become more sophisticated the need for more parameters
increases but the numbers will diminish. How many para-
meters you have to estimate depends entirely on what you
wish to do. The Lifeline monitor was developed to provide
the basic needs, that is to measure the vital signs and to
give early warning of deterioration and urgent alarm of
catastrophe. It may be used not only in small hospitals
but also for specialized requirements as the basic unit
to which more sophisticated needs may be added as
clinically appropriate.
FARMAN. It is important to emphasize that the

intensity or level of monitoring varies according to the
clinical situation. In the operating theatre, which is
probably the most intense form of intensive care that we
know, there is a doctor, in this country at any rate, that
is the anaesthetist, whose job it is to look after the
patient and to monitor him all the time this patient is
unconscious. In the intensive care situation this function
is usually fulfilled by nurses who are less skilled and who
need a different type of information. There may be other
situations in which the level of care is even less skilled
than that and this may be the sort of situation where you
need a fairly non-specific alarm. People seem to talk from
their own points of view about the need for monitoring
as though all monitoring were the same.

PAYNE. The general principles of monitoring, the
practical monitoring that we do on our patients and the
parameters that we follow are the same regardless of
whatever specialty we are in and it is only under special
circumstances that we need to look at a special parameter
such as the cerebrospinal fluid pressure, for example.
WOLFF. With respect to priorities, as I said before, the

object of monitoring is to find out whether the tissue is
being supplied with enough oxygen, and the measurements
which we make all have this as their end. The only other
important form of measurement which we wish to make
is that which tells us that something is going to go
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wrong. The importance of intra-arterial monitoring
cannot be over-emphasized. This provides information
about pulse rate; real pulse rate which indicates that the
blood is going round, about blood pressure, systolic,
diastolic and wave form. Samples for blood gases may be
obtained through the same catheter. If one adds one pair
of electrodes for the electrocardiogram and another
catheter for central venous pressure all necessary in-
formation is available.
GREER. It is agreed that one is ultimately concerned

with tissue oxygenation but one should be looking for
early evidence of breakdown of the homeostatic mecha-
nism. By the time the oxygen in tissue has changed
measurably it is already too late. Surely one should look
for changes in other parts of the homeostatic system
which are possibly struggling to maintain tissue oxy-
genation and are on the point of failing? This is, perhaps,
most likely to appear as a change in respiration or perhaps
a rise in PCO2.
CROCKETT. The pulse wave form is a mechanical

event initiated in the heart and it is not necessarily related
to flow.
WOLFF. If there is a hydraulic pulse you have some

idea that blood is going round. I did not say how much
blood was going round.

RAISON. It is important to get as much information as
possible out of the available signal. Homer Warner is
getting information from the arterial wave form about
flow and output. At present patho-physiological know-
ledge is growing fast and the value of monitoring arterial
PO2 is difficult to assess. There are many instances with a
high arterial PO2 in a dying patient. The central venous
PO2 may be more useful but there is a reluctance to
catheterize the pulmonary artery to get a decent mixed
central venous sample. (I do not agree that this is neces-
sary). Work is progressing to project the expired air
characteristics so as to identify the alveolar air concen-
tration and to estimate the mixed venous PO2 from this.
This experimental work is not very far away from results
and if you want to know when the tissue oxygenation has
fallen so much that the mixed venous oxygen has fallen,
this may shortly be available by a non-penetrative method.
But this is post-event, in that various adjustments of the
circulation may take place for a long time before you get
a change in the mixed venous oxygen whilst your patient
is already slowly dying, out in his periphery.
LEDINGHAM. Further to this, indeed the whole under-

lying crux of the problem is that our knowledge is still
incomplete. In various forms of shock we still do not
know what factors should be regarded as being funda-
mentally important. It would seem to me that very much
more intricate and sophisticated apparatuses are needed.
The role of this machine and machines like it, will come
when we do appreciate a little more about the problems
and this will only come when we have been able to
analyse all the various parameters over the next 10-15
years, and at the end of that time decide what parameters
are really important.
STEWART. Briefly it may be said that knowledge is far

from complete but treatment is needed now. The Lifeline
monitor provides the minimum monitoring of the vital
signs which are necessary at present.

CONCLUDING REMARKS
LORD BROCK

Thank you. Now I think I had better try to face this
very difficult matter of summing up and I should tell you
that my remarks will be in part summary and in part an
expression of some ofmy own views and thoughts, which
may not be worth very much. I speak essentially as a
clinician and not as an engineer, an administrator or a
manufacturer. My chief reaction to what has been pre-
sented is one of humility, of being largely lost, as being
out of my depth, of a certain measure of despair that I
have to chair this afternoon and to sum up this session.
And it may be that I am not entirely alone in this feeling.
As I see it, the papers have varied from practicality to

rather complex presentation of the means you can design
or invent to do something you postulate needs doing.
I could sum up some of the deliveries with the comment-
how sophisticated can you get? There seem to be two
basic essentials which may be taken in a different order
depending on your individual views. The first one: how
is it to be done? This answer is often very very complex,
expensive, it goes wrong, often unreliable as we have
heard a great deal about. The other one: how advan-
tageous is it? How much is it needed? This obviously
must be correlated with number one, how is it to be done.
I am only making comments, I am not giving answers.
It is good to know just what one is talking about and the
mystery or magic of words often leads to mystification of
meaning, of obscuring the true issue even though we
think we know what we mean when we use a well-used
word. I am worried about the very meaning of the key
word in our discussion, that is 'monitor' and the action
of 'monitoring'. I wish first of all to consider its meaning
and I am not just being semantic in this. To many of us,
by usage, it has, in fact, become a code word, and a code
word of varying meaning. I suppose the derivation is from
moneo-I warn-and it implies essentially a warning
But this would be an incomplete rendering. In present
usage the term seems to embrace and to contain the
measuring or the securing of information that may lead
up to giving a warning if this information exceeds the
limit or limits of normality and especially if it exceeds it to
an extent which constitutes a danger, that indicates the
patient is at risk.

It has been said that monitoring implies the patient is
at risk. This could be far too severe an interpretation
because it implies that the patient is always at risk
whereas as I see it, it really indicates the patient may be
at risk or may become at risk. That hence we try and
secure information to determine more exactly when he is
at risk or if he is approaching a state of risk. I do not
think that he must inevitably always be at risk. Being
prudent we just recognize that the risk is there and seek
to measure it, or to measure its component parts. The
first question from the floor this morning was-how
many patients need monitoring at all? I submit that this
is a revealing question showing the confusion between
danger, or being at risk, and the need for regular clinical
observation. For instance we would always accept, I
think, that simple regular clinical observation is essential,
such as for instance recording the pulse, the temperature
and the respiration by the nurse. We remember that it is
doubtful if we should submit a patient to certain tests
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unless he really is at risk. Clearly this must be kept in
mind and there are certain conditions and circumstances
in wh:ch the element of the risk is so small, so remote that
it would be unjustifiable to submit the patient to any com-
plex or unpleasant test. But as clinicians we know only
too well how a crisis of risk, a hazard, a danger may
develop suddenly and unexpectedly and for this reason
the almost routine use of some form of careful observa-
tion, of 'monitoring' is usual and often obligatory. This
may consist only of a nurse making certain critical
observations for a short time as, for example, during
recovery from anaesthesia. It is when we are faced with a
patient who has had an important or complex operation
for an important and complex illness that more continu-
ous, more precise monitoring becomes necessary. But let
us not assume that this applies solely, or even chiefly to
the post-operative patient. The great surge forwards in the
recognition of the need for more precise, more frequent
and more abundant information arose in great part from
the demands made by cardiac surgery. It soon became
clear that the empiric or semi-empiric methods used in
general surgery or in less severe forms of surgery were
useless and dangerous in heart surgery. We just had to
use method. Method led to so-called 'monitoring'. But
surgeons are not the only people who make patients ill.
The need for method and/or measurement applies to any
severe illness or stress period however produced. An
excellent example is the need for careful measurement in
the patient who has had a coronary episode. I think also
of the patient who has been poisoned, who is profoundly
ill from a toxic or infective illness, or a patient who has
suffered severe injury, or burns, or has been near to death
from drowning or suffocation, or after any period of
stress. I would like to remind you of a very well known
remark by Lord Kelvin: 'When you can measure what
you are speaking about and express it in numbers you
know something about it, but when you cannot measure
it, when you cannot express it in numbers your know-
ledge is of a meagre kind'. It is clear that we must
consider the relative risks to the patient of the monitoring
itself. These risks have been dealt with in the presentation
of safety requirements by Dr Lee, especially in regard to
the risk of electrocution; in addition to the actual risk to
life or health we must consider the discomfort, physical or
mental, to which the patient may be exposed, and repre-
sented by Dr Crook in his careful and factual analysis of
actual experiences in intensive care units. I particularly
think we must consider the indwelling intra-arterial
needle. As Mr Wolff indicated and has expanded on,
this is justified for all patients who need complex moni-
toring; there can be no question of that. We shall each
have to make our own decision about its use for the less
complex conditions. In my own experience it is essential,
I say again essential, for all ill patients, for patients at risk
from any cause. Also I cannot see how you can look after
a patient at risk or ill, whatever the causes, without a
central venous line and in many cases of course, certainly
in most post-operative conditions, a urethral catheter for
assessment of renal output and function. Certainly they
should be used more often in general surgical and in
general medical clinical practice. But again we still have
to use common sense in the restriction in the application
of these, or the use of these three methods.

As I see it, the dangers or difficulties which we face in
this whole matter is a liability to confuse two things. One
is the need for obtaining additional information more
accurately, more quickly, more continuously than can be
done by the nurse alone and in this way things are made
safer for the patient because the nurse and the doctor
then know more about him more precisely and more
quickly if a machine does the work and can give early
alarm or warning if things are not quite right or if they
are threatening to become not quite right. This function
may or may not improve on the service the nurse can
give. The other thing I think more dangerous, more liable
to cause misunderstanding is the assumption that the
machine can do the work of a woman or man and that if
we have good, reliable, safe and economical monitoring
then we can do with fewer nurses. In this lies a real danger.
Certainly it would be quite unjustifiable if the patient is
to be observed critically; if the patients at real risk are
only two, three or four, it would be unwise to rely
entirely on a monitor system, and Dr Crook brought this
out. If the number of patients is larger and many are at
considerable risk, only this could justify a monitoring
system to save the number of nurses involved. I consider
it an aspect which will continue to require much careful
thought. Moreover as time passes and as monitoring
systems become more available and more widely used it
will become increasingly important and may assume a
real danger and I emphasize how important it will be to
clarify our minds, our thoughts and our actions on this
particular matter. I visualize that harm could be done by
recommendations from a central or controlling authority
anxious to economize on nursing requirements and
issuing advice or instructions without fully understanding
all the implications. An important responsibility would
devolve on us to keep this danger in mind and to avoid it,
prevent it. It reminds me of the writings, in a slightly
different form, by Henry Ford which he called the
'Terror of the Machine'.
Now there were some things which I noticed which

were either not mentioned or only touched upon lightly.
The part played by estimation of skin temperatures and
core temperatures in shock. It was mentioned very
briefly by Dr Raison and I thought it was easily over-
looked in his excellent communication. I have found very
valuable information in these two observations, in fact I
personally would not dream of undertaking the care of an
ill patient either caused by an operation or occurring
naturally without knowing these two things. And yet it is
very difficult to arouse any interest or enthusiasm in these
two very simple observations. I notice a number of
references were made to the body temperature, but what
is the body temperature? It isn't a common temperature,
there are all sorts of temperatures just as there are all
sorts of temperatures in the sea. Again, in the question of
monitoring during anaesthesia I regretted no reference
was made to monitoring information on the state of
consciousness of the patient. This is much more involved
than just an analysis of the EEG. By that I mean you can
monitor many things but you anaesthetize a patient in
order to suppress his sensibility to pain and I think it is
essential to try to work towards monitoring this. Now
I imagine it will be possible by appropriate devices, I
would imagine certainly with the assistance of a com-
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puter, to be able to follow the course of anaesthesia as
opposed to the circulatory or respiratory problems of the
patient. I merely throw this in front of you. Now both of
these are examples that we are dealing not solely in
problems of technology, that is how we are going to do
something, but what is it necessary to measure.

Finally we have to consider the courtesies due to those
responsible for this symposium. First we have to thank the
Wigan and Leigh Hospital Management Committee for
sponsoring this conference. Secondly, we have to thank
the Royal College of Surgeons for allowing the use of the
College premises and facilities. Thirdly, our thanks are
due to all the speakers. Our greatest thanks are due to
Mr Stewart who has been responsible for the conference
from conception to birth and to healthy, vigorous success.
We thank you Mr Stewart for without you the symposium
would not have been.

Lastly I must thank all the audience for your atten-
dance and patient listening and questioning; without you
the symposium would have been as nothing. Thank you
and Goodnight to you.

STEWART. Lord Brock, may I just say a word of thanks
to Professor Kenedi who was Chairman this morning and
to yourself who have so ably chaired the proceedings this
afternoon. I believe Sir that this is in fact your birthday
and may we offer you our best wishes for many happy
returns.
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