
without proportionate increase in length may reflect
adverse influences in late gestation.2'
Our findings are further evidence for the in utero

origin of raised adult blood pressure. Fingertip whorls
and a narrow palmar angle are indelible markers of
impaired fetal development at different stages in preg-
nancy. Both are associated with high blood pressure
in adult life.
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Abstract
Objectives-To determine the incidence of the

earliest electrocardiographic changes in patients
with suspected myocardial infarction and their sensi-
tivity and specificity for predicting the final diagnosis
ofacute myocardial infarction.
Aiesign-Retrospective study of paired electro-

cardiograms recorded at home and on admission to
hospital.
Setting-29 rural practices in Grampian and

teaching hospitals in Aberdeen.
Patients-137 patients participating in the early

anistreplase trial in the Grampian region, who
received placebo at home and for whom paired
electrocardiograms were available.
Main outcome measures-Classified electro-

cardiographic abnormalities and diagnosis at
discharge.
Results-Electrocardiograms were recorded

immediately before injection ofplacebo at home and
anistreplase in hospital at median times of 110 and
240 minutes after the onset ofsymptoms. Definite or
probable myocardial infarction was later confirmed
in 93 (68%) patients. Ofthese, 66 (71%) had the same
findings on both electrocardiograms of either ST
elevation, bundle branch block, or a non-specific
abnormality, while 27 (29%) showed a major change
of classification between home and hospital record-
ings; 21 (23%) had ST elevation or bundle branch
block on only one ofthe paired recordings. Although
ST elevation was the commonest abnormality in the
93 patients with myocardial infarction, in only 51 was
it recorded at home (sensitivity 55%) and in 49 on
admission (sensitivity 53%). Of 57 patients with ST
elevation at home, six did not have infarction
(specificity 860!.), while of 51 with ST elevation on
admission, two did not have infarction (specificity
95%).
Conclusions-Elevation of the ST segment is a

transient electrocardiographic abnormality that has
high specificity but low sensitivity for predicting the
diagnosis of acute myocardial infarction; it is an
unsatisfactory precondition for giving thrombolytic
treatment to patients with suspected acute myo-
cardial infarction.

Introduction
It is now generally accepted that patients with acute

myocardial infarction should receive thrombolytic
treatment, provided that they present sufficiently early
and there are no contraindications. Several clinical
trials'-3 support the experimental evidence45 that such
treatment should be given as soon as possible after the
onset of infarction. As thrombolytic treatment has the
potential to cause serious adverse events, cerebral
haemorrhage being the most feared, it is considered
important to establish the diagnosis of myocardial
infarction rapidly so that only those patients who might
benefit are exposed to the risks oftreatment.
The use of an electrocardiograph remains the quick-

est, simplest, and most reliable method of diagnosing
myocardial infarction.6 There are, however, varying
estimates of the specificity of electrocardiographic
abnormalities in patients with chest pain,7-'0 and little
work has been published on the very earliest changes
and how these evolve in acute myocardial infarction.
The early anistreplase trial in the Grampian region3

was a randomised, double blind, parallel group trial of
anistreplase, given either at home by general practi-
tioners or later in hospital. The purpose of the trial was
to assess the feasibility, safety, and efficacy of domi-
ciliary thrombolysis by general practitioners. Provided
that there were no contraindications to thrombolytic
treatment, patients were entered into the trial if there
was strong clinical suspicion of acute myocardial
infarction when they were seen by their general
practitioners within four hours after onset of symp-
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toms. General practitioners were required to record
an electrocardiogram but not to interpret it. These
electrocardiograms and those subsequently recorded
on admission to hospital in patients who received
placebo at home and anistreplase in hospital are the
subject of this report.
Our objectives were (a) to establish the incidence

of the earliest electrocardiographic abnormalities in
patients with acute myocardial infarction to see how
they change spontaneously before thrombolytic treat-
ment is given and (b) to determine their sensitivity and
specificity for predicting the diagnosis of myocardial
infarction.

Methods
Patients-A total of 311 patients entered the trial,

from whom paired electrocardiograms were available
for coding in 280 cases. Of these, 137 patients received
placebo at home and are considered here. Their mean
age was 63 years; 98 (72%) were men.

Classification of electrocardiograms- Two observers
(JA and RT) coded the paired electrocardiograms for
each patient entered into the trial, according to the
scheme shown in table I. If more than one feature was

TABLE i-Coding scheme for electrocardiographic abnormalities and
numbers (percentages) ofpatients with various abnormalities recorded
at home and on admission to hospital*

Electrocardiographic abnormality Code Home Hospital

Bundle branch block 1 6 (4) 9 (7)
ST elevationt:

Anterior alone (anterior, lateral, or
anterolateral) 2 19 (14) 18 (13)

Inferior alone 3 35 (26) 28 (20)
Anterior and inferior 4 3 (2) 5 (4)
Other ST elevation (not covered by codes

2-4) 5 11 (8) 11 (8)
ST depression without ST elevation 6 18 (13) 18 (13)
Qwaves 7 1 (1) 4 (3)
T wave inversion 8 10 (7) 11(8)
Normal 9 17 (12) 19 (14)
Otherabnormality 10 17 (12) 14 (10)

Total 137 (100) 137 (100)
*After fourth intemational study of infarct survival (ISIS 4).
tST elevation - 1 mm in two limb leads or - 2mm in two precordial leads.

present then the lowest appropriate code number was
allocated. The electrocardiograms were coded without
reference to the other tracing for each patient. Each
observer was blinded to the other's results and to the
nature of the treatment which the patient received at
home or in hospital. The two observers then compared
their results and tried to resolve their differences.
When agreement could not be reached a third person
(JR) independently coded the disputed electrocardio-
gram and negotiated a consensus.

Discharge diagnosis-At the time of discharge from
hospital each patient was assigned to one of seven
diagnostic categories by using data collected in
hospital.3 Definite myocardial infarction was defined as
a convincing history plus new pathological Q waves on
the electrocardiogram and a peak myocardial fraction
of creatinine kinase exceeding the upper limit of
normal. Probable myocardial infarction was defined as
a convincing history plus either new pathological Q
waves or a raised myocardial fraction of creatinine
kinase. For this study, patients were considered to
have had a confirmed infarct if they were assigned to
either of these categories. Patients in other diagnostic
categories of possible myocardial infarction, ischaemic
heart disease, chest pain ofunknown cause, or alterna-
tive diagnosis were designated non-infarct.

Receiver operator characteristic curves are a way of
representing the overall performance of a diagnostic
test in terms of sensitivity and specificity as the ratio of
true positive to false positive results. They may be used
for a continuous variable, such as a cardiac enzyme

assay, or, as in this paper, with a discontinuous
variable, the electrocardiogram. To construct the
curves codes 5, 7, and 8, representing electrocardio-
grams with minor ST elevation, Q waves, or T
inversion, were aggregated. The eight resulting
categories of electrocardiographic abnormalities were
then ranked in order of specificity for prediction of the
diagnosis of myocardial infarction. Eight points on the
receiver operator characteristic curve were plotted as
the cumulative percentage of true positives (ordinate,
sensitivity) and the cumulative percentage of false
positives (abscissa, 100-specificity) for each of the
eight categories and for electrocardiograms recorded at
home and in hospital.

Results
Electrocardiograms were recorded immediately

before injection of placebo at home and anistreplase in
hospital at median times of 110 and 240 minutes after
the onset of symptoms, respectively. Of the 137
electrocardiograms recorded at home, 135 (99%) were
performed within four hours, and 127 (93%) ofthe 137
electrocardiograms recorded in hospital were per-
formed within six hours of onset of symptoms. The
median interval between recordings at home and
hospital was 125 minutes.

After the first attempt at coding the electrocardio-
grams the two observers disagreed in 74 (27%) cases.
After discussion there were 36 (13%) traces on which
the third observer had to arbitrate.
Table I gives the numbers of patients with various

electrocardiographic abnormalities. In both home and
hospital electrocardiograms the commonest abnor-
mality was definite ST segment elevation. In the home
electrocardiograms the next commonest findings were
ST depression and a normal recording, but in the
hospital recordings the order was reversed, with
normal tracings and ST depression ranking second and
third.
The diagnosis of myocardial infarction was con-

firmed in 93 (68%) cases; 60 were categorised as
definite and 33 as probable infarction. There were 44
cases ofnon-infarction.

RECEIVER OPERATOR CHARACTERISTIC CURVES

Figure 1 shows the receiver operator characteristic
curve for the electrocardiograms recorded at home.
Elevation of the ST segment in both the anterior and
inferior leads was the most specific indicator of infarc-
tion, followed by ST elevation in the inferior and then
the anterior leads. Definite ST elevation in any location
was present in 51 (55%) of those with confirmed
infarction (ordinate) and six (14%) of those without
infarction (abscissa). The specificity of this abnor-
mality is 100- 14=86%. The area under the curve is
81% ofthe area ofthe graph.
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FIG 1-Receiver operator characteristic curve for electrocardiograms
recorded at home
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Figure 2 shows the receiver operator characteristic
curve for the electrocardiograms recorded in hospital.
The rank order of specificities is slightly different from
that for electrocardiograms recorded at home. As in the
electrocardiograms recorded at home, the most specific
abnormalities were definite ST elevations but followed
by bundle branch block rather than ST depression.
For hospital electrocardiograms, patients with definite
ST elevation in any location comprised 49 (53%) of
those with infarction and two (5%) of those without
infarction; specificity was 95%. The area under the
curve is 86% ofthe area ofthe graph.
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FIG 2-Receiver operator characteristic curve for electrocardiograms
recorded on admission to hospital

Considering home electrocardiograms, 91 (98%)
patients with infarction had some abnormality com-
pared with 29 (66%) patients without infarction. Two
(2%) patients with infarction and 15 (34%) without
infarction had normal recordings at home.

1>l 00cRD 100 5 Idealcurve
0
f 80

05 60

,40

2t 20 / Useless curve
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U Cumulative percentage

of false positives
FIG 3-Hypothetical receiver
operator characteristic curvesfor
ideal and completely
non-dtiscnminatory diagnostic
tests

CHANGES IN READINGS FROM HOME TO HOSPITAL

The electrocardiographic code differed between
home and hospital recordings in 39 (42%) patients with
infarction and 15 (34%) patients without infarction.

Electrocardiograms with 10 different codes were
aggregated into three larger categories: codes 1, 2, 3,
or 4 to "ST elevation and bundle branch block," codes
5, 6, 7, 8, or 10 to "non-specific," and code 9 to
"normal." Table II shows how the results from electro-
cardiograms recorded in hospital had changed from
those recorded at home in patients with and without
confirmed myocardial infarction.

Sixty six (71%) of the 93 patients who had a
confirmed myocardial infarction showed no change of
category between the electrocardiogram recorded at
home and in hospital; of these patients, 45 (48%) had
ST segment elevation or bundle branch block on both
traces.
Of the 93 with infarction, 27 (29%) showed a major

change in category between home and hospital record-
ings. Of particular interest are 10 (11%) patients who
had bundle branch block or ST segment elevation at
home but only non-specific changes by the time of
admission; at that time five had minimal ST segment
elevation, two had developed Q waves, two had T wave
inversion, and one had ST segment depression.

TABLE u-Number of patients with various electrocardiographic abnormalities recorded at home and on
admission to hospital in patients with myocardial infarction (numbers of patients without infarction in
parentheses)

Home electrocardiogram

ST elevation or
Hospital electrocardiogram bundle branch Non-specific

block changes Normal Combined

ST elevation orbundle branch block 45 (3) 11 (1) 0 (0) 56 (4)
Non-specific changes 10 (4) 21 (19) 2 (2) 33(25)
Normal 0 (1) 4 (1) 0 (13) 4 (15)

Combined 55 (8) 36 (21) 2 (15) 93 (44)

Progression from the non-specific category to ST
elevation or bundle branch block occurred in 11
patients, the commonest sequence being additional
elevation of minimally raised ST segments, which was
found in six patients. Two patients with infarction
progressed from a normal electrocardiogram when first
seen to non-specific abnormalities in hospital, while
four patients with infarction showed regression of non-
specific abnormalities to a normal electrocardiogram.

Discussion
A previous paper from this department dealt with

the earliest electrocardiographic evidence of myo-
cardial infarction. Short reported that of 150 patients
with myocardial infarction in only "27 (18%) did the
tracing show a pattern regarded as diagnostic of acute
infarction-that is, localised ST elevation of 1 mm or
more."" Ninety eight of these electrocardiograms,
however, were recorded more than 24 hours after the
onset of chest pain, and the symptoms were slight and
subacute.
The advent of thrombolytic treatment has accentu-

ated the need for rapid diagnosis of acute myocardial
infarction when the patient first comes under medical
care. Analysis of an electrocardiogram remains the best
way to do this, but there is a dearth of information
about the accuracy of predictions based on recordings
made in the community when patients with suspected
acute myocardial infarction are first seen.

RECEIVER OPERATOR CHARACTERISTIC CURVES

The receiver operator characteristic curve is a way of
representing the overall performance of a diagnostic
test in terms of sensitivity and specificity as the ratio of
true positive to false positive results. A completely
non-discriminatory test would result in a diagonal line
from bottom left to top right of the graph, all points
on the line representing a ratio of true to false positives
of 1:1, the area beneath the line would be half the
total area. An ideal diagnostic test would inscribe a
rectangular line passing from the origin to the top right
hand point by way of the top left hand corner; the area
beneath such a curve would be nearly 100% ofthe total
area of the graph (fig 3). The receiver operator
characteristic curve may be used to identify a threshold
value for a diagnostic test that gives the optimal balance
between true and false positives.
The curves plotted from the results in this study

show that neither home nor hospital electrocardio-
grams are ideal for predicting infarction, but hospital
electrocardiograms have a slightly better performance
and larger area under the curve than those of electro-
cardiograms recorded at home (86% v 81%); these
curves are similar to previous published results.'21'
The only abnormality that was completely specific for
acute myocardial infarction was ST elevation in
inferior and anterior leads, but that was present in only
3% and 5% ofthe electrocardiograms recorded at home
and hospital, respectively, in patients with infarct.
Less specific abnormalities are seen in a greater
proportion of infarct cases, but these same abnormali-
ties are also to be found in some non-infarct cases.
Thrombolytic treatment is commonly recom-

mended if the electrocardiogram shows distinct ST
segment elevation or bundle branch block.'1"6 Based
on the electrocardiograms recorded in hospital this
recommendation would have included 56 (60%) of 93
patients with subsequently confirmed infarction and
four (9%) of 44 patients without infarction; four (7%)
of 60 patients to whom thrombolytic treatment would
have been given would not have had myocardial
infarction confirmed. By using electrocardiograms
recorded at home, the corresponding figures are 55
(59%) and eight (18%), so that eight (13%) of 63
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patients given thrombolysis would not have had
infarcts.

BENEFIT:RISK ANALYSIS

The receiver operator characteristic curves (figs 1
and 2) illustrate clearly the dilemma faced when
thrombolytic treatment is considered-if the presence
of the electrocardiographic abnormalities that are most
specific for myocardial infarction is the prerequisite for
treatment, then only a small proportion of patients
with infarction will benefit. On the other hand, if the
presence of non-specific abnormalities possessed by a
high proportion of infarct patients is considered a
sufficient precondition for treatment then an increas-
ing proportion of patients who do not have infarction
will receive it and will derive no benefit but will be at
risk of adverse events.
The threshold on the receiver operator characteristic

curve that is used to determine the administration of
thrombolytic treatment should therefore be based on a
consideration of the benefit:risk ratio at various points
on the curve; benefit accruing to those with infarction
while the main risk is carried by those without
infarction.13 It should be noted that the thresholds for
thrombolytic treatment based on electrocardiograms
recorded at home and hospital will be different because
treatment administered at home at an earlier time than
is possible in hospital has greater efficacy in cases
of infarction3 but no greater risk in cases of non-
infarction. For the same benefit:risk ratio that applies
in hospital, thrombolytic treatment may be given at
home for less specific electrocardiographic abnormali-
ties than are required in hospital.

RELIABILITY OF ELECTROCARDIOGRAPHIC
INTERPRETATION

Although experienced at reading electrocardio-
grams, two observers in this study disagreed at the first
run of coding in 74 (27%) ofthe 274 cases. Difficulty in
categorising a single electrocardiogram without refer-
ence to preceding or subsequent recordings was experi-
enced by all three observers.

TRANSIENCE OF ELECTROCARDIOGRAPHIC
ABNORMALITIES

In the early stages of acute myocardial infarction the
electrocardiogram may change rapidly: ST elevation
may fluctuate or subside permanently,'7-'9 ST depres-
sion may occur,20"2 or T waves invert.22 In addition, Q
waves may appear as early as the second hour after the
onset of chest pain.23

In this series the electrocardiographic codes of 39
(42%) of 93 patients with evolving infarction changed
between recordings at home and hospital, and this
resulted in a major change of category in 27 (29%)

Clinical implications

* In acute myocardial infarction thrombolytic
therapy is commonly withheld from patients
without ST elevation on the presenting electro-
cardiogram
* In this study ST elevation was found in only
about half ofpatients with infarction
* In the early stages of infarction ST elevation
may be transient and difficult to measure
precisely
* Rigidly defined ST elevation is an unsatis-
factory precondition for thrombolytic therapy
* Particularly in patients presenting very early,
thrombolytic therapy should be considered in all
with an abnormal electrocardiogram

cases. In 21 (23%) cases ST elevation or bundle branch
block was present in only one of the paired recordings,
non-specific abnormalities being found in the other. In
these patients with evolving infarction it would seem
regrettable to forego the opportunity to use throm-
bolytic treatment soon after the onset ofsymptoms-at
a time when it is most efficacious-merely because the
qualifying abnormalities have not yet appeared. It
would seem equally mistaken to deny patients throm-
bolytic treatment in hospital because the qualifying
abnormalities previously present are no longer there
because of rapid development of the electrocardio-
graphic abnormalities.
The presence of rigidly defined electrocardiographic

abnormalities that are transient and difficult to
recognise is an unsatisfactory basis for determining
whether or not thrombolytic treatment should be
given.

CONCLUSION

The currently recommended electrocardiographic
preconditions for the administration of thrombolytic
treatment are arbitrary, difficult to recognise, and
fairly insensitive so that a substantial proportion of
patients with acute myocardial infarction do not
receive treatment from which they might benefit. The
use of less specific electrocardiographic preconditions,
however, would result in administration of throm-
bolytic treatment to a greater proportion of patients
without infarction.

It has been argued elsewhere" that acceptable
benefit:risk ratios would be obtained if thrombolytic
treatment were to be given in hospital to all patients
with a convincing clinical history of acute myocardial
infarction, none of the standard contraindications and
any abnormality in an electrocardiogram. As throm-
bolytic treatment has enhanced efficacy when given
at an earlier time, these recommendations for the
administration of treatment would have even greater
force in the community.
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Abstract
Objective-To determine the extent to which

minor surgery undertaken by general practitioners
after the introduction ofthe 1990 contract substituted
for hospital outpatient workload.
Desgn-Before and after observational study.
Setting-Four English family health services

authorities.
Subjects-Patients in 22 practice populations who

were operated on by their general practitioner or
referred to hospital forminor surgery during April to
June 1990 or April to June 1991.
Main outcome measures-Numbers of minor

surgical procedures undertaken in general practice
and in hospital, numbers ofreferrals to hospitals for
conditions treatable by a minor surgical procedure,
and the mix ofdiagnoses and procedures undertaken
in each setting.
Results-General practitioners claimed reimburse-

ment for 600 minor surgical procedures during April
to June 1990 and for 847 during April to June 1991, an
increase of41%. Referrals to hospital for comparable
conditions showed no compensatory decrease (385
during April to June 1990 and 388 during April to
June 1991, 95% confidence interval for change in
referrals -51 to 57), and the number of hospital
procedures resulting from those referrals also
remained constant (187 in the first period, 189 in the
second, 95% confidence interval for change in pro-
cedures -36 to 40). The mix of procedures did not
change significantly from one study period to the
next in either setting.
Conclusions-Many or all ofthe additionalpatients

receiving minor surgery under the terms ofthe 1990
contract may not have previously been referred to
hospital. General practitioners seem not to have
systematically shifted towards treating the more
trivial cases. The overall increase in minor surgical
activity may reflect an improvement in accessibility

of care or changes in patients' perceptions and
attitudes.

Introduction
Waiting times are shorter and costs to the NHS

lower when minor surgery is performed in general
practice rather than in hospital.'14 Quality of care,
insofar as it has been measured, is broadly comparable
in the two settings, and patients' satisfaction with
minor surgery performed by general practitioners is
universally high.

After many calls for general practitioners to be
reimbursed for minor operations,' 7 the 1987 white
paper on primary care recommended such payments
on the grounds that "Patients would benefit from a
rapid and more convenient service, and minor surgery
cases would not take up time in out-patient departments
which might be needed for more serious problems."8
Item of service payments for general practitioners
performing minor surgery were introduced in the 1990
contract to encourage a shift from hospital to general
practice.9 Since April 1990 general practitioners listed
by family health services authorities as willing to
perform minor surgery have been entitled to a fee of
£20 perprocedure for a specified list ofminor operations
ranging from cauterisation of warts to excision of small
lesions.
Two reports have estimated the savings when minor

surgery is performed in general practice by extrapolat-
ing from calculations of costs in the two settings.12
Others have pointed out that resources are saved only
when a patient who would have been treated in hospital
is treated instead in general practice.'4 Whether minor
surgery by general practitioners substitutes for minor
surgery in hospital or whether it offers a complementary
service to patients who would otherwise not have
been treated at all has, so far, been explored only
superficially. One small study in 1990 observed a
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