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The use of computers in clinical
electrocardiography is increasing rapidly;
however, the role of computers with
respect to the electrocardiographer
has not been established. At present
all electrocardiograms (EGGs) processed
by computer are also interpreted by
electrocardiographers; hence effort is
duplicated.

In an investigation of whether
conditions can be defined under which
the electrocardiographer can use the
computer more profitably by eliminating
some of the duplication, EGGs recorded
In a university teachinq hospital were
processed by a computer program and
and subsequently reviewed by I of 10
electrocardiographers. For EGGs
interpreted as showing normal sinus
rhythm the rate of agreement between
computer and human reviewer was
990/0. For those showing a normal ECG
pattern (contour) the rate of direct
agreement was only BB0/o. However,
the rate of occurrence of clinically
significant differences was only I .640/o;
hence the rate of essential agreement
for this classification was 98.360/o.
Other classifications with good
agreement were myocardial infarction,
sinus bradycardia and sinus tachycardia.

Therefore, in circumstances
comparable to those of this investigatIon
it is feasible for electrocardiographers
to use compute's to reduce greatly
thelr workload without compromising
the quality of the service provided.
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L'emploi de l'ordinateur en electro-
cardiographie clinique prend rapidement
de l'ampleur; toutefois, le r6le de
l'ordinateur face au specialiste en
electrocardiographie n'a pas encore ete
etabli. En ce moment tous les electro-
cardiogrammes (EGG) soumis a
l'ordinateur sont aussi interpretes par
un specialiste en electrocardiographie;
il en resulte donc une duplication
d'effort.

Dans une etude visant a determiner
si l'on peut definir les conditions selon
lesquelles le specialiste en electro-
cardiographie pourrait utiliser
l'ordinateur a meilleur profit en eliminant
certaines duplications, les EGG
enregistres dans un h6pital universitaire
ont ete analyses . l'aide d.un programme
d.ordinateur, puis subsequemment
revus par I ou l.autre de 10 specialistes
en electrocardiographie. Pour les EGG
interpretes comme presentant un
rythme sinusal normal le taux de
concordance entre l.ordinateur et le
reviseur humain a ete de 990/o. Pour
ceux montrant un trac6 electrocardio-
graphique normal le taux de concordance
directe n.a ete que de 880/o. Toutefois,
le taux des differences cliniquement
significatives n.a ete que de 1.640/0;
le taux de concordance essentielle
pour cette classification a donc .
de 9B.360/o. Les autres classifications
presentant une bonne concordance
ont ete l.infarctus du myocarde, Ia
bradycardie sinusale et Ia tachycardie
sinusale.

Dans des conditions comparables .
celles de cette etude il est donc
possible pour le specialiste en electro-
cardiographie d'employer l.ordinateur
dans le but de reduire sensiblement
sa t.che sans pour autant compromettre
Ia qualite du service pourvu.

Computer programs for the interpreta-
tion of electrocardiograms (ECGs) have
been developed for the past 15 years
and several have gained national or
even international prominence. The re-
port of a recent study conducted for
the Department of Health, Education,
and Welfare in the United States lists
nine programs available to the medical
community in that country, some of
them in the pLlblic domain and others
surrounded by secrecy to protect com-
mercial interests.'
One featLlre appears to be common

to all of them - lack of advice from
the developer on how the programs are
to be used clinically. The program de-
scriptions that appear in the literature
do not include a clear development ob-
jective but are limited to generalities
like "contribution to improvement of
health care" '. It is not even clear for
which user the interpretation reports
are formulated - the electrocardio-
grapher, who is thoroughly familiar
with electrocardiographic terminology,
or the surgeon or general practitioner,
who has to extract from the report in-
formation relevant to patient manage-
ment. JLldging by the prevailing practice
the program developers seem to assume
that it is the former. Hence there is one
more reason for the electrocardiograph-
er to review and interpret for the user
every computer ECG interpretation -
a task that often is more time-consum-
ing than interpretation without the aid
of the computer.

Although claims have been made
that the presence of a computer report
reduces the time needed by an electro-
cardiographer for ECG interpretation,7
no convincing data have been presented
to substantiate this claim; our experi-
ence does not allow us to support such
a claim.

If the computer saves little or no
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time for the reviewing electrocardio-
grapher the costs of producing a com-
puter ECG interpretation have to be
justified some other way. Greater ac-
curacy of a combined reviewer-com-
puter ECG interpretation in comparison
with an electrocardiographer's report
would be such a justification; however,
to the best of our knowledge this has
not been shown, though studies have
demonstrated that the computer inter-
prets ECGs almost as well as a com-
petent electrocard iographer.8'9
When the cardiology group at Dal-

housie University medical school was
confronted with the question whether
and under what terms it should get
involved with computer interpretation
of ECGs it was decided to conduct a
study to clarify the roles of computer
and electrocardiographer in ECG inter-
pretation in clinical situations and to
establish the benefits an electrocardio-
grapher can obtain from using com-
puter interpretation of EGGs.

Methods

Suidy design
The degree of accuracy with which

electrocardiographers can diagnose car-
diovascular disease on the basis of
ECGs has been found to average
between 70% and 80%, with a rate
of false-positive reports of 10% to
20% 10,11 Similar tests with computer
programs have yielded similar results.8'11
The extent of correlation in findings
between computer and electrocardio-
grapher determines what effect a com-
bination of the two reports might have.

In the case of perfect correlation in
findings between computer and electro-
cardiographer. accuracy is not improved
by the combining of the reports. The
only benefit for the electrocardiograph-
er in this instance is that he can use
the computer as an "understudy".
When the correlation in findings be-

tween computer and electrocardiograph-
er is less than perfect, the possibility of
improvement in accuracy of interpreta-
tion depends on the willingness of the
reviewing electrocardiographer to con-
sider the dissenting opinion of the com-
puter. In a hypothetical situation in
which computer and electrocardio-
grapher each has a 75% accuracy rate
but their performance is maximally Un-
correlated, the combination of com-
puter and electrocardiographer will be
correct in interpreting 50% of the
ECGs since the two will arrive at the
same interpretation. Of the remaining
50% half will be correctly interpreted
by the computer and half by the elec-

result his accuracy decreases - at
the extreme to 50%. On the other hand
the difference in interpretation may
lead him to review particularly care-
fully; as a result he may choose more
of the correct computer interpretations
and thus improve his accuracy score,
possibly even to 100%.

Hence, maximally uncorrelated per-
formance of computer and electro-
cardiographer carries the risk of reduc-
tion in accuracy for the combined
report, but it also holds the promise of
an improvement over the individual
performance of a computer or an elec-
trocardiographer. The latter possibility
prompted us to investigate the com-
bined performance of computer and
electrocardiographer under conditions
that would minimize the correlation be-
tween their findings. This was achieved
in two ways:

1. A computer program was selected
that analyses the Frank-lead vectorcar-
d iogram, whereas the electrocardio-
graphers based their interpretation on
the standard 12-lead EGG.

2. A computer program was selected
that uses statistical methods of classi-
fication and had been trained on the
basis of clinical information.12 In con-
trast, the reviewing electrocardiograph-
ers used more or less standard criteria
to interpret the EGGs through logical
decisions.
The study was conducted in two

phases. During the first phase, contin-
gency tables were produced for all
major diagnostic entities to describe
the amount of agreement and disagree
ment between computer and electro-
cardiographer without giving any indi-
cation of which interpretation was
right, an inherent limitation for many
diagnostic categories that are defined
solely. on the basis of the ECG. The
results reported in this paper are pri-
marily those of phase I.
The attempt of the second phase is

to establish the diagnostic accuracy of
computer and electrocardiographer for
diagnostic categories that permit com-
parison of ECG interpretation with in-
dependent clinical evidence. This part

of the study is still in progress and is
being conducted in cooperation with
medical centres in Kingston and Win-
nipeg.

Data collection
The data for phase 1 were collected

over a 2-year period during which two
of the teaching hospitals in Halifax
recorded all EGGs in a format that
permitted interpretation by computer
and electrocardiographer' Ten elec-
trocardiographers reviewed in rotation
all computer interpretations and made
corrections by adding or deleting state-
ments as they deemed necessary. The
amended computer interpretations be-
came the official ECG reports for the
patients' charts. To avoid ambiguity in
the terms they used, the electrocardio-
graphers agreed on definitions for the
important diagnostic statements prior to
the study, and these statements were
used exclusively for EGG report amend-
ments.

Results

Rhythm interpretation
The results of 12 977 rhythm inter-

pretations by the computer and indica-
tions of the electrocardiographers' re-
sponses are summarized in Table I.
Interpretations in the dominant cate-
gory, normal sinus rhythm, had an
almost perfect rate of acceptance by
the electrocardiographers - 99%. Ac-
ceptance in the other categories was
lower and in one case only 33.1%.
Analysis of the rejected interpretations
revealed that in many instances the
disagreement was due to the difference
in duration of the ECG signal used for
interpretation. Although the 10-second
vectorcardiogram for the computer was
recorded contiguously with the 20-
second standard lead tracing for the
electrocardiographer, some change in
features could occur during the addi-
tional 10 seconds. This is especially
true for isolated extrasystolic com-
plexes, which might be found in one
signal but not in the other. The be-

trocardiographer. The electrocardio-
grapher may become sufficiently dis-
tracted by the computer's interpretation
that he accepts more incorrect than
correct computer interpretations; as a
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haviour of the demand pacemakers
might also be different in the two
signals.

Disagreement also occurred for bor-
derline cases of bradycardia and tachy-
cardia. Differences between computer
and electrocardiographer in the meth-
od of measuring heart rate, or minor
fluctuations in heart rate, can explain
most of the disagreements. Other re-
jections of rhythm interpretation were
atttributable to the missing of P waves
by the computer, which resulted in nor-
mal rhythms being misclassified as ab-
tiormal. In a few instances flutter waves
were misinterpreted as P waves (in 7
of 7627 ECGs classified as having nor-
nial sinus rhythm).
The changes made by the electrocar-

diographers in the interpretations for
electronic pacemakers all had to do
with the type of pacemaker - fixed-
rate versus demand. Although the com-
puter reliably detected pacemaker
spikes when present, it sometimes erred
in the type of pacemaker. This error
also can be attributed to the short
signal available for analysis.

ECG Coil tOlil' ill terpretation

The computer program used for
contour interpretation provides a dif-
ferential diagnosis, giving relative prob-
abilities for normal, left ventricular
hypertrophy. right ventricular hyper-
trophy, anterior myocardial infarction,

lateral myocardial infarction, pulmon-
ary emphysema. and right and left
bundle branch block.
The acceptance of the computer

diagnoses by the electrocardiographers
is summarized in Table II. We con-
sidered only ECGs for which the com-
puter's most likely diagnosis had a
probability of more than 60%. The
21.5% of ECGs thus eliminated usu-
ally had similar probabilities for several
diagnoses; in the absence of a clear
diagnostic decision by the computer no
acceptance rejection evaluation can be
performed.
An average of 84.4 of the com-

puter's definite classifications were ac-
cepted by the electrocardiographers.
For several other categories there was
substantial disagreement between com-
puter and electrocardiographer, which
can only be resolved in phase 2 of the
study, when independent evidence will
be used to establish accuracy of inter-
pretation l.r computer and electrocar-
diographer. The three categories "nor-
mal". "myocardial infarction" and
"conduction defects", however, had a
high rate of acceptance and warrant
close inspection of the rejections.

R evie iver differen ces: There were
significant differences between the 10
electrocardiographers in their acceptance
of computer interpretation. The rate of
acceptance of the computer classifica-
tion "normal" ranged between 75% and

97%. This difference reflects a true
difference in the characteristics of the
electrocardiographers since the per-
forniance of the computer was coti-
sistent. They differed almost as much
in their rate of acceptance of the classi-
fication "myocardial infarction", the
rate ranging from 77% to 92%.

Performance differences between the
clectrocard ographers existed despite
the fact that they had agreed prior to
the study to use a common set of in-
terpretation criteria. Our results there-
fore confirm the earlier findings by
Sinionson and colleagues'0 about the
variability of human interpreters of
ECGs.

Sign ifiC(InCe of in terpret(ltio/l chaiiges:
The changes the elect rocardiographers
made to the computer classifications
"normal" and "myocardial infarction"
are summarized in Table 111. In both
categories most of the changes were of
questionable significance. The definite
statement of the computer was modi-
fied to a borderline statemetit such as
"possible niild left ventricular hyper-
trophy" or "slight axis deviation", re-
flecting the uncertainty of the electro-
cardiographer in reviewing ECGs for
which the computer offered a second,
less probable, interpretation. In some
instances the electrocardiographer con-
sidered the second interpretation as
more significant than the computer did
and made it the principal interpretation,
and in other instances the electrocar-
diographer disagreed with the com-
puter's interpretation, yet was so un-
certain about the diagnosis that he did
not offer his own interpretation bitt
instead commented otily on the rhythm
or repolarization pattern.

The significant alterations of com-
puter interpretation were therefore
limited to a change from tiormal to
definite myocardial infarction, definite
right ventricular hypertrophy or signi-
ficant ventricular conduction defect. Of
lesser clinical importance were the
changes from myocardial infarction to
definite left or right ventricular hyper-
trophy or normal.

Discussion

The results of our investigation have
showti that the computer is by no
means a replacement for the electro-
cardiographer. For most rhythm inter-
pretations and many contour interpreta-
tions there was frequently a difference
of opinion betweeti computer and dee-
trocardiographer. This is not surprising
since the electrocardiographers were not
a homogeneous group and there is as
much difference between electrocardio-
graphers as between computer and dcc-
trocardiographers. The question who is
right in all the instances of sienificant
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difference can only be answered when
objective evaluation techniques are
available to test computer programs and
electrocardiographers. Such methods
are being developed in our department
as well as in several others outside
Canada.

However, cardiologists do not have
to wait until these issues are resolved
to make profitable use of the computer.
We have identified two classifications,
normal sinus rhythm and normal ECG
contour, for which there was general
agreement between computer and all
the electrocard iographers. Such classi-
fications may apply to nearly 30% of
our hospital population, though the per-
centage may well be higher in centres
not as heavily oriented towards tertiary
care as is our centre. Our results in-
dicate that ECGs classified by the com-
puter as normal with respect to rhythm
and contour do not require review by
an electrocardiographer since signifi-
cant alterations by the latter are rare.
Instead, review by a technician to safe-
guard against obvious computer errors
in pattern recognition should be suf-
ficient.
Under these circumstances it is eco-

nomically feasible for electrocardio-
graphers to use the computer for ECG
interpretation, provided a sufficiently
large number of ECGs are being pro-
cessed. This is true especially if the
henefits the computer will provide in
storage and retrieval of old ECG inter-
pretations are considered. An improve-
ment in the accuracy of ECG inter-
pretation by use of the computer will
then be an additional benefit, once it
has been demonstrated convincingly.
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The results of treatment in 213 patients
with end-stage renal disease who
underwent hemodialysis, peritoneal
dialysis or transplantation, or a
combination, between 1962 and 1975 were
analysed. Comparison by censored
survival analysis showed significantly
better (P < 0.01) patient survival with
the integrated therapy of dialysis and
transplantation than with either form
of dialysis alone. There was no
significant difference in survival of
males and females but survival at the
extremes of age was poorer. Analysis
of survival by major cause of renal
failure indicated best survival in patients
with congenital renal disease. Graft
and patient survival rates at 1 year
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after the first transplantation were
.42O/o and 690/o. The major cause of
death in this series was vascular disease
but infection was responsible for
500/o of deaths after transplantation.
While integration of dialysis with
transplantation produces best patient
survival, this course is possible only
when sufficient cadaver kidneys are
available.

On a analyse les resultats du traitement
chez 213 patients souffrant de maladie
renale au stade terminal qui ont subi,
entre 1962 et 1975, l'h6modialyse, Ia
dialyse peritoneale ou Ia greffe, ou une
combinaison. La comparaison, par analyse
ponderee de Ia survie, a revele une
survie significativement meilleure
(P <0.01) pour le traitement comprenant
dialyse et greffe que pour l'une ou
l'autre des deux formes de dialyse
employees seules. On n'a observe
aucune difference significative entre
les taux de survie des hommes et
des femmes, mais Ia survie etait moms
bonne aux limites de l'intervalle d'.ge.

L'analyse de Ia survie pour les
principales causes d'insuffisance renale
a indique une meilleure survie chez
les patients souffrant de maladie renale
congenitale. Les taux de survie a I an
pour les greffes et pour les patients
apres Ia premiere greffe ont ete de
42% et de 690/o, respectivement. La
principale cause du deces dans ce
groupe a ete les maladies vasculaires
mais I'infection compte pour 5O0/o
des causes de deces apres une greffe.
Alors que l'association de Ia dialyse
et de Ia greffe donne Ia meilleure
survie, ce mode de traitement n'est
possible que quand on dispose d'une
nombre suffisant de reins d'origine
cadav6rique.

During the last 25 years dialysis and
transplantation for end-stage renal dis-
ease have developed to the extent that
rehabilitation is regarded as a more
acceptable criterion of successful treat-
ment than patient survival. While eco-
nomic concerns may be responsible for
this change in emphasis, patient sur-
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