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E.C.G. Interpretation
by Computer
The prospect of using a computer for the automatic analysis of
the electrocardiogram has been under discussion for several
years.' Last year the Department of Health sponsored a
meeting of experts to assess the position and the applicability
of the technique in Britain.
The need for automation is evident from the increasing

numbers ofE.C.G.s being recorded without any corresponding
increase in the numbers of skilled interpreters. As a result
standards of interpretation are becoming increasingly variable.
Computers can carry out repetitive tasks faster and more
reliably than people. As automatic E.C.G. reporting becomes
available, the use of a physician for this purpose could come
to be regarded as a misuse of professional time better reserved
for personal contact with the patient. A computer-based report-
ing system can handle large numbers and can standardize
reporting, give an accurate definition of the normal range, and
avoid observer variation.
Computers are expensive, so they must be used efficiently,

but they can improve access to diagnostic facilities for remote
centres and at night and at weekends. Programming requires
the accurate definition and quantification of the values used in
diagnosis. This allows the recognition and rejection of sub-
jective assessments which defy quantification. Though there is
generally satisfactory agreement between the diagnosis of the
computer and that of the physician, fears have been expressed
that the computer diagnosis may at times be inappropriate
or in conffict with clinical views. Presentation of results in
statistical terms, as a set of probabilities, may be difficult for
clinicians to assimilate at first. In fact, despite the conceptual
difficulties and the need for careful interpretation, presenta-
tion as a set of probabilities is a more realistic expression of the
interpretation of an E.C.G. than a bald single diagnosis, which
increases the risk of confusion from conffict with the clinical
findings.
Though clinicians have become familiar with a 12-lead

E.C.G. system, modem three-lead systems (not a return to the
old standard leads, but a system based on three orthogonal leads
(x, y, z) giving transverse, vertical, and saggital data respec-
tively) show no loss of important information and even reduce
the range of normal variation. They are also more economical
to handle automatically. Most of the three-lead systems avail-
able use unfamiliar electrode arrangements, but a relatively
simple axial lead system is feasible.2 A preliminary period of
familiarization for clinicians with x/y/z leads alongside con-
ventional 12-lead records might be needed to win their accept-
ance of such a system, but the long-term advantages would be
worthwhile. Conventional leads I, VF, and V2 are, in fact, close
to such a system.3

Suitable instrumentation for such a service is available.
It would include a three-lead channel E.C.G. machine with
facilities for recording on magnetic tape for later analysis if
necessary, or for direct transmission with patient identification
to the computer, either on direct line or by telephone ifa system
can be devised to meet G.P.O. requirements, together with
arrangements to receive results by teletype. Multiple inputs
to the data controller are needed so that the machine never
becomes engaged. Comparison with any previous record is an
essential feature, as in current conventional practice.
Though the computer diagnosis may not be as refined as

that of an experienced cardiologist it will probably be more
accurate than many routine reports and is particularly applic-

able to routine service needs, as in surgical or maternity out-
patients, or wards, or for an accident and emergency service,
or in general practice. It has been calculated that for £1,500
about 100,000 E.C.G.s could be processed each year for seven
years, giving a cost of lOp each. From the technician's point
of view there is a net saving, as though the time needed to
take the E.C.G. is longer, time spent mounting the E.C.G. is
eliminated.
The three-lead E.C.G. system and the concept of some un-

certainty in E.C.G. diagnosis are problems which the profession
should grasp and overcome. Different types of computer
could perhaps be tried until physicians have obtained some
first-hand experience in the field.
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Publishing Co., 1973.

Delirium after Surgery
Delirium is characterized by recent onset of disorientation,
inability to grasp and retain events, often with labile emotions,
visual and other hallucinations, insomnia, paranoid ideas, rest-
lessness, and fear. Sometimes a single cause can be identified,
but usually there are several acting together-old age, infec-
tion, fever and toxins, water and electrolyte disturbance,
cerebral lesions, pain, drugs such as barbiturates, or the with-
drawal of accustomed hypnotics or alcohol. Delirium is com-
monly worse at night, when the biological clock is diminishing
the power to sustain alertness, and when familiar sensory cues
are reduced. The last can be primary, as in delirium after
cataract extraction,' and may play an important role in mental
aberration among shipwreck survivors or single-handed
Atlantic yachtsmen,2 in whom exhaustion and loss of sleep also
contribute. Sleep loss alone can cause visual hallucinations and
paranoid ideas.3
Open heart surgery has been followed by delirium in some

20-30% of patients at three to four days after operation. It is
difficult for a patient in a cardiac intensive care unit to get
undisturbed sleep, and in one study of nursing procedures
interruptions of sleep averaged 47 per night for the first three
nights after operation.4 Recently Johns et al.5 monitored sleep
round-the-clock using the E.E.G. both before operation and
for several days afterwards. Total sleep in the first two days
after operation averaged little more than a quarter of normal.
A patient might lie with eyes closed, but that did not mean he
was asleep. Whereas in delirium from alcohol withdrawal, or
after recent unconsciousness from non-anaesthetic drugs,
sleep consists largely of the R.E.M. phase6 7 (the phase most
linked with dreaming), Johns et al. found this phase almost
absent in their patients. Despite the lack of sleep, however,
differences among their patients led the authors to conclude
that while loss ofsleep might have helped cause delirium it was
not the chief culprit.

In a prospective study of 100 open heart surgery patients
Tufo et al.8 found abnormal neurological signs on the first
post-operative day in 37 of 85 survivors and in 12 at discharge.
Among 60 delirious patients at the Mayo Clinic half were con-
sidered to have minor degrees of cognitive impairment per-
sisting at discharge.9 The Mayo Clinic authors emphasized
that postoperative delirium is not always a restless state, as
Tufo et al.8 suggested, but that the mental abnormalities can
be present in quiet and slowed-down patients.
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