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The patient-sensor interface

G. S. CROCKETT
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Summary
During the assessment of monitoring equipment on
acute medical cases in a general ward, a quantitative
investigation of technical faults revealed that 44% of
these occurred at the patient-sensor interface.
While the attachment of the equipment was accepted

by the patient and was suitable for application by
nursing staff, this degree of technical breakdown indi-
cates that more progress is necessary in the design of
this aspect of monitoring equipment before it is
possible to have a reliable system.
No MATTER how sophisticated a monitoring system,
it stands or falls as a machine of clinical value in so
far as it solves the problem of the patient-sensor
interface. I prefer 'patient attachment' rather than
'patient-sensor interface'.

This subject has, so far, received insufficient atten-
tion, while we have tended to concentrate on the
circuitry and recording devices that receive the
measurements we are trying to make. Until we can
improve patient attachment, monitoring will have
but limited application.
The sensor must acquire information from the

patient about a particular physiological measurement
and transmit it to the monitoring system. It should do
this with minimal disturbance to the patient.
The ideal sensor is the human eye, which can

observe some physiological changes without being
physically attached to the patient. The eye is designed
for pattern and colour recognition, and it cannot
measure temperature or blood pressure directly, and
only pulse rate when a pulsating artery or the apex
beat is visible.
We must be content, therefore, at present to attach

sensors to the patient which then transmit, in most
cases, their measurement to the monitoring system
along a wire.
We are used to seeing the uncomplaining, im-

mobile, chloralosed cat in the laboratory, attached to
a variety of measuring instruments via numerous
tubes and wires-the so called physiological prepara-
tion. Here, the attachment of measuring devices
usually necessitates a degree of surgical penetration

of the animal that would preclude recovery even if
the experiment itself were not lethal.
The human animal to be monitored in the hospital

ward is neither uncomplaining, immobile or anaes-
thetized, but it would seem that much of the appara-
tus we try to apply to our patient was designed by
those who wish he were all these things.
The requirements for patient attachment are as

follows:
1. Ease of application.

Attachable by nursing staff.
2. Reliability of attachment.

Must not come off easily.
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FIG. 1.
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Wire attachments must not fatigue and break within
insulation.

3. Acceptability to patient.
Should be comfortable and allow mobility.
Ear oximeters or nasal thermistors usually un-
acceptable.

4. Should not prevent examination or washing of
patient; stethoscope; bed-bath.

5. Safety.
Electrocution; destruction by defibrillation current.

6. Acceptability to nurses.
Complexity should be minimal.

7. Acceptability to relatives.

Dr J. M. Rawles at Kettering has been particu-
larly concerned to device a system of patient attach-
ment that fulfils these criteria (Rawles & Crockett,
1969).
The electrocardiogram and derived pulse rate

have been acquired from three chest electrodes
attached to the anterior chest wall in the usual way
by adhesive discs, additionally secured by micropore
tape. Electrical contact with the skin is made via a
small sponge impregnated with saline in agar, of
MRC design. The three wires from the electrodes
run to a multiway connector on an abdominal belt
through a diode protecting circuit. This diode will
protect the patient from any high voltage arising
inadvertently in the system while the apparatus is
protected from defibrillating currents if used.
The thermistor measuring body temperature is

incorporated in the abdominal belt and placed over
the umbilicus. The thermistor is insulated by plastic
foam covering to reduce heat-loss from the skin by
conduction, and aluminated polythene ('space'
blanket material), to reduce heat loss by radiation.
From the belt containing the temperature-sensor

and multiway socket a lead runs as a single umbilical
cord to the bedside unit. Also tubes from the haema-
tonograph blood pressure cuff to the instrument are
looped through the belt. The belt thus takes any
strain on the patient attachments and not the attach-
ments themselves.

The foetus, and the astronaut prior to his moon
landing, remain attached to their parent craft by a
cable that allows maximum freedom of movement
with the minimum of entanglement. Both choose the
same site of attachment-the umbilicus; we are in
agreement here.

This system of patient attachment was simple
enough to be applied to the patients by the nursing
staff (Fig. 1).
The reliability of this system of attachment was

assessed by Dr Rawles from daily records of moni-
toring data including faults, patient and nurses'
reaction on 107 patients for 631 patient-days. They
show that technical fault occurred at least once a day
in the whole system when three patients were being
monitored and that 44% of these faults were due to
trouble in the sensors, cables and connectors-that
is, patient attachment.

TABLE 1. Technical faults

Number %
Patient attachment 157 43-9
Normalizers 9 2-5
Display 33 9-2
ECG display 21 5-9
Printer 138 38-5

Table 1 shows numerically how much we must
study this problem ifwe are to reduce technical faults
to a minimum, for the introduction of single patient
printers should reduce all other sources of technical
faults to an acceptable level.

Finally, the patient's reaction to monitoring,
which means largely his reaction to the attachments,
were as Table 2.
To conclude, I would plead for more study of this

aspect of monitoring. Let us devise means so that we
can dispense with wires running from patient and
sensors to normalizing systems and aim to acquire
our data as unobtrusively as possible.

Reference
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TABLE 2. Patients' reaction to monitoring

Physical comfort Mental attitude

No. of No. of
days % days %

Too ill to say 47 7-5 Too ill to say 45 7-2
Painful 1 0-2 Physical rejection 3 0-5
Uncomfortable 43 6-8 Irritation 27 4-3
Tolerable 181 28-7 Toleration 195 30-9
Comfortable 359 56-8 Appreciation 361 57-1

631 100.0 631 100-0

On three occasions (physical rejection) the whole lot was pulled off by the patient.
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