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being expected in half and a high risk of developing it in the
other half (the same risk as for the parent). A definitive pre-
diction of inheriting Huntington's chorea would be feasible
only for the fetuses of those subjects at risk in whom prediction
was already possible (a small proportion as mentioned above).
Making a prediction during pregnancy, as described above,

does not alter the risk for the parent in any way, which is
important practically as fear of such an implication might
influence attitudes towards prediction during pregnancy. This
lack of an effect on the existing risk is the rule rather than the
exception, which is not widely understood by the families
concerned.

In view of our findings we suggest that in the initial clinical
applications of the genetic prediction of Huntington's chorea
it may be more feasible and possibly more acceptable to monitor
fetuses at risk than to attempt prediction for subjects already
born. This would mean that those at risk could bear children in
whom the disorder had been excluded during pregnancy with
the option of termination if the pregnancy were predicted to be
at high risk (50°,,). Although ethical reservations may under-
standably be raised at our considering termination of pregnancy
for a disorder of relatively late onset when the fetus is only at
50% risk, termination in such circumstances is not uncommon
at present for fetuses at risk of developing Huntington's chorea.
The feasibility of detecting DNA polymorphisms by chorion
biopsy may make prediction more acceptable to couples than if
an approach at mid-trimester such as amniocentesis was required.

Before this clinical use of the G8 marker can be advocated
further information is required on the closeness of the linkage
and the absence of genetic heterogeneity in Huntington's
chorea, as well as further development of the polymorphisms so
that the origin and transmission of the Huntington's chorea gene

can be recognised in most subjects. These aspects are currently
being studied at several centres, but their resolution will not
remove the limitations imposed by pedigree structure that have
been discussed in this paper. Only when a specific test for the
Huntington's chorea gene itself is discovered may it be feasible
to make a prediction for an isolated subject without studying the
family unit; such a development seems to be some way away.
Meanwhile, families are likely to request, and benefit from,
prediction along the lines indicated; it is important that they
and those considering using the test are aware of both the
limitations and the possibilities and of the need for the structure
of the family to be considered.

We thank our colleagues; Miss Audrey Tyler and Mrs Pat Jones
for checking family data; and Drs Jim Gusella, Michael Conneally,
and David Housman for helpful discussions. This work was supported
by grants from the Department of Health and Social Security and
Medical Research Council.
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Reciprocal change in ST segment in acute myocardial
infarction: correlation with findings on exercise
electrocardiography and coronary angiography
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Abstract

The clinical relevance of reciprocal changes in the ST
segment occurring at the time of acute myocardial
infarction was studied prospectively in 85 consecutive
uncomplicated cases. Reciprocal depression of the ST
segment was defined as depression of I mm or more
in electrocardiogram leads other than those reflecting
the infarct. All patients underwent maximal, symptom
limited treadmill stress testing two weeks after the
infarct and coronary angiography six weeks after in-
farction. Forty six patients had inferior, 34 anterior,
and five true posterior infarction.
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Of the 51 patients with reciprocal changes, 45 (88%)
developed exercise induced ST segment depression in
areas remote from the infarction zone. At angiography
all 45 patients were shown to have stenoses greater than
70% in at least two major vessels. Four patients had
negative exercise electrocardiograms and were sub-
sequently shown to have single vessel disease subtending
their infarct, and the remaining two patients had a
false negative treadmill test result. Of the 27 patients
without reciprocal changes, 21 (78%) had negative
treadmill stress test results associated with single
vessel coronary disease. Five had positive stress test
results and multivessel coronary disease, and one had a
false negative stress test result. The remaining seven
patients had ST segment elevation without Q wave
formation in the reciprocal areas and were assessed
separately. Of these, six had positive stress test results
and multivessel coronary disease and one had a negative
stress test result and single vessel coronary disease to
the infarct area. Twenty one patients with anterior
infarcts (62%) and 27 with inferior infarcts (59%) had
reciprocal changes. No differences emerged in the
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relation between infarct site, reciprocal change, and
presence of additional coronary disease.
At follow up of the 51 patients with reciprocal changes

in the ST segment 36 had become symptomatic, of
whom 29 had undergone coronary artery bypass surgery.
By contrast, only four ofthe 27 patients without reciprocal
changes in the ST segment had developed symptoms,
and two of these had undergone coronary revascularisa-
tion.
Reciprocal ST segment depression at the time of acute

myocardial infarction may identify patients with severe
coronary disease who are at risk of subsequent cardiac
events and appears to be as reliable as results of early
postinfarction treadmill stress testing in predicting the
underlying coronary anatomy. When the electrocardio-
gram does not show reciprocal changes treadmill testing
provides valuable additional information.

Introduction

The presence of ST segment depression in electrocardiogram
leads opposite the areas of ST elevation in patients with an
acute myocardial infarction has been considered to be due
either to a "reciprocal" electrical field effectl 2 or alternatively
to a second area of ischaemia.3-5 The presence of anterior ST
segment depression in the setting of an inferior infarction has
been shown to influence prognosis and relates to the presence
and extent of disease in the left anterior descending coronary
artery.6 8 More than one mechanism, however, has been
postulated to explain the reciprocal change in the ST segment,
including "ischaemia at a distance"'9 IO and spasm in the coronary
artery supplying the non-infarcted myocardium, leading to
recurrent ischaemic events." 12

Jennings et al in an important study documented the relation
between reciprocal ST depression, additional ischaemia, and
late morbidity, but angiographic correlation was not available
in all patients and a submaximal exercise test was used." We
have shown that early maximal exercise testing after uncompli-
cated myocardial infarction is safe and can more reliably predict
the underlying coronary anatomy.'4 In addition, we have
identified patients whose prognosis may be influenced by early
elective coronary artery bypass surgery."'
We have therefore carried out a prospective study of patients

with uncomplicated myocardial infarction (a) to compare the
"reciprocal" changes in the ST segment of the resting electro-
cardiogram with those occurring during maximal exercise
testing and to correlate these changes with the coronary anatomy,
and (b) to determine the long term prognosis of those patients
with and without such reciprocal ST changes.

Patients and methods

Eighty five consecutive patients entered this prospective study at
the time of their exercise test two weeks after their first uncomplicated
myocardial infarction. Their mean age was 54 years (range 31-66)
and seven were women. Forty six patients had inferior, 34 anterior,
and five true posterior infarction. The diagnosis of acute myocardial
infarction was made if in the presence of a history of sustained central
chest pain new pathological Q waves (>003 s duration) associated
with newly evolving ischaemic ST-T changes were seen in the
electrocardiogram and an increase in serum creatinine kinase activity
to above twice normal was recorded. Myocardial infarction was
categorised as anterior (leads VI-V4), inferior (leads II, III, and
aVF), and true posterior (R wave to S wave ratio > 1 in VI and V2).
Reciprocal change in the ST segment was defined as horizontal ST
depression of 1 mm in at least two out of four of the precordial
leads V1-V4 in patients with inferior infarction (see figure) and in at
least two of the three inferior leads II, III, and aVF in patients with
anterior infarction (fig). In patients with true posterior myocardial
infarction ST segment depression in Vi and V2 was considered to
be part of the infarct site; therefore, ST segment depression in leads

other than these was considered reciprocal. Reciprocal ST segment
changes were identified in any of three electrocardiograms during
the first 24 hours after admission. Tracings were recorded in the
emergency room, after transfer to the coronary unit, and at 8 am the
next day.

Exercise tests-All patients underwent a maximal, symptom
limited exercise test two weeks after infarction using the Bruce
protocol. Exercise was stopped if there was cardiac pain, a fall in
systolic blood pressure of > 15 mm Hg, ST segment depression of

3 mm remote from the infarction zone, dyspnoea, or exhaustion
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Electrocardiograms from two patients (standardised to 10 mm). Top:
Inferior myocardial infarction with additional reciprocal depression of
ST segment in anterior and lateral leads. Bottom: Anterior myocardial
infarction with additional inferior reciprocal depression of ST segment.

or the maximal heart rate for age had been achieved. Horizontal or
downsloping depression of the ST segment of > 1 mm persisting for
80 ms beyond the J point in leads other than those reflecting the
infarct was considered to be abnormal. The result of the exercise
test was interpreted without knowledge of the reciprocal change and
before angiography was performed.

Coronary angiography-Using Judkins's technique cineangiograms
were recorded on 35 mm film in multiple views six weeks after
infarction. Stenosis of a major artery was considered to be significant
if there was luminal narrowing of >7000. All patients were followed
up for three years or more.

Statistical analysis-The x2 test and Student's t test were used for
comparative statistical analysis.

Results

Electrocardiograms and coronary angiography-Fifty one patients
(600O) had reciprocal ST segment changes in the resting electro-
cardiogram. Of these, 45 (880/ ) developed exercise induced ST
segment depression in areas remote from the infarction zone. At
angiography all 45 were shown to have stenoses greater than 7000 in
at least two major vessels. Four patients had negative exercise electro-
cardiograms and were subsequently shown to have single vessel
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coronary artery disease subtending their infarct, but the remaining
two patients had false negative exercise test results (tables I and II).
Twenty seven patients had no reciprocal ST segment changes. Five,
however, developed exercise induced ST segment depression in
non-infarct areas and had multivessel coronary arterial disease.
Twenty one patients had a negative exercise test result associated
with single vessel coronary disease and one had a false negative stress
test result (tables I, II). The remaining seven patients had ST
segment elevation without Q wave formation in reciprocal areas and
this we considered to be "adjacent ischaemia." Of these patients,
however, six had positive exercise electrocardiograms and multivessel
coronary disease, whereas one had a negative exercise test result and
single vessel coronary disease to the infarct area. Reciprocal changes
occurred in 21 (62%) of the 34 patients with anterior infarction,
27 (590o) of the 46 with inferior infarction, and three of the five
patients with posterior infarction. All investigations were completed
without incident.

TABLE i-Comparison of reciprocal ST changes in resting electro-
cardiogram and results of exercise electrocardiography and coronary
angiography

Reciprocal ST segment change

Result of exercise No ST elevation
electrocardiography Depression change ("adjacent ischaemia")

True positive 45 5 6
True negative 4 21 1
False positive 0 0 0
False negative 2 1 0

Total patients 51 27 7

TABLE Il-Incidence of multivessel disease with and without reciprocal
change in ST segment in resting electrocardiograms of 85 patients with
uncomplicated myocardial infarction

Reciprocal ST segment change
No Elevation

Angiographic finding Depression change ("adjacent ischaemia")

Multivessel disease 47 6 6
Single vessel disease 4 21 1

Total patients 51 27 7

Blood pressure-The exercise systolic blood pressure fell in 24
(470°) of the patients with reciprocal changes, eight (30%o) of those
without reciprocal changes, and three patients (43°,) with ST
elevation. In those without reciprocal changes the systolic blood
pressure fell in all six who had additional coronary disease, and in
those with reciprocal changes all 24 had additional disease.
Follow up data were available for all surviving patients, with a

mean follow up period of 34 (SD 7) months (table III). Of the
51 patients with reciprocal changes in the ST segment, 36 became
symptomatic. Of these, 29 underwent coronary bypass surgery and

TABLE IiI-Follow up data on patients three years after admission for un-
complicated myocardial infarction and showing reciprocal ST depression,
no reciprocal change, or ST elevation in resting electrocardiogram

No ST
Reciprocal reciprocal elevation

ST ST ("adjacent
Follow up findings depression depression ischaemia")

Symptomatic:
Coronary artery bypass surgery 29 (57°0) 2 3
Percutaneous transluminal coronary

angioplasty 0 1 1
Controlled left ventricular failure 4 0 0
Controlled angina 0 1 1
Death 3(6%) 0 0

Asymptomatic 15 (29%) 23 (85%) 2

Total patients 51 27 7

remained well. Of the seven non-surgical cases, four had late pul-
monary oedema and three died of cardiac failure and reinfarction.
The remaining 15 patients were asymptomatic. By contrast, only
four (15%) of the 27 patients without reciprocal ST segment depres-
sion were symptomatic. Additional ischaemia was detected on
exercise in all four patients. Of these four patients, two underwent
coronary artery bypass surgery, one had a successful percutaneous
transluminal coronary angioplasty, and the remaining patient de-
veloped angina which was well controlled by medical treatment.
Twenty three patients without reciprocal changes remained asympto-
matic during the follow up period. Five of the seven patients with
ST elevation developed symptoms during follow up, and in all five
the exercise test result was positive. Of these patients, three under-
went coronary artery bypass surgery, one had a successful per-
cutaneous transluminal coronary angioplasty, and the remaining
patient had angina controlled medically.

Discussion

Reports on the relevance of changes in the ST segment
remote from the zone of an acute infarct have reached disparate
conclusions. The changes have been regarded as reciprocal,' 2

but more recently it has been suggested that precordial ST
segment depression in inferior infarction might indicate
associated anterior ischaemia rather than a reciprocal electrical
phenomenon.' In other reports the prevalence of multivessel
coronary arterial disease was comparable in patients with and
without associated reciprocal ST segment depression.'6 '7
Nevertheless, in the systematic and detailed studies of Salcedo
et all8 and Jennings et al"3 a definite relation between reciprocal
ST depression and multivessel coronary disease was established,
and, of great importance, a high incidence of early mortality and
cardiac morbidity was documented.

Conflicting findings also occur when analysing left ventricular
regional and global wall movement and ejection fraction by
radionuclide angiography in patients with and without reciprocal
ST changes. Shah et al and other workers concluded that the
subgroup of patients with reciprocal ST segment change was
characterised by greater global and regional left ventricular
dysfunction as well as a higher peak activity of heart type
creatine kinase, presumably reflecting greater myocardial
necrosis.3'- 16 Croft et al, however, reported no difference in
global and regional left ventricular function between patients
with and without reciprocal ST segment change.'9
Our objectives were to clarify the diagnostic role of reciprocal

changes and to compare them with the results of exercise
testing early after infarction with a view to predicting the extent
or absence of further coronary disease. We sought to identify
by non-invasive means patients potentially at risk so that our
observations would be applicable to district hospitals without
angiographic facilities. Our patients were strictly defined as
cases of uncomplicated infarction.
We have shown that reciprocal ST segment depression

occurring at the time of acute myocardial infarction may
identify patients with severe coronary disease. Of clinical
importance, it appears to be as reliable as an early postinfarction
exercise test in predicting the underlying coronary anatomy.
In the absence of reciprocal ST change at the time of acute
myocardial infarction, however, it remains important to perform
early exercise testing to exclude additional coronary artery
disease. Exercise testing alone resulted in three false negative
indications of additional disease. These observations were in
keeping with our previous report'4 but, importantly, the
reciprocal change correctly identified the presence of disease in
two of the patients with false negative exercise results, emphasis-
ing the complementary nature of these two non-invasive
observations.
Our late follow up results indicate that the group with

reciprocal ST segment depression has a higher morbidity,
cardiac complication, and mortality rate than patients without
reciprocal ST segment changes.

Placed in the clinical context, for hospitals with limited
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facilities, reciprocal ST depression should be considered
indicative of severe multivessel coronary arterial disease and a
risk factor for subsequent cardiac events. Specialist referral for
angiography is advised. When there is no reciprocal change
early exercise testing provides valuable additional information
conceming underlying coronary arterial disease and should be
performed routinely.

We are grateful to Sharon Meadows for technical help. Stuart
Pharmaceuticals (Dr K Edwards) and Glaxo (Dr P Feldschreiber)
provided financial support which made this project possible.
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The erect abdominal radiograph in the acute abdomen:
Should its routine use be abandoned?

STUART FIELD, P J GUY, S M UPSDELL, A E SCOURFIELD

Abstract

The value of erect and supine abdominal radiographs
and erect chest radiographs was analysed prospectively
in 102 consecutive patients admitted to hospital with acute
abdominal symptoms. The radiographs were reported on
initially by junior surgeons of the admitting team,
special note being made of the value of the erect abdomi-
nal radiograph over the combination of the supine
abdominal radiograph and erect chest radiograph. On
the basis of information obtained from the erect abdomi-
nal radiograph alone no changes in patient management
were recorded.
A consultant radiologist reported on the same radio-

graphs at a later date. In five cases the erect abdominal
radiograph was thought to have contributed useful or
additional information, although in four of these cases
abnormal features were visible in the supine film. In
three of the five cases important but subtle information
was missed by junior surgeons. In five of the 102 patients
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information obtained from the erect abdominal radio-
graph was potentially misleading.
The small yield of positive information, potentially

misleading features, and lack of effect on surgical
management suggest that the routine use of the erect
abdominal radiograph in the acute abdomen should be
abandoned.

Introduction

Conventional teaching recommends the routine use of both
erect and supine abdominal radiography for investigating patients
referred to hospital with acute abdominal pain.' 2 We have
evaluated the erect abdominal radiograph by analysing the addi-
tional information which junior surgeons thought had been
obtained from this radiograph over that obtained from the
combined erect chest and supine abdominal radiographs.

Patients and methods

Between March and June 1984, 117 consecutive patients ad-
mitted to the surgical units of the Kent and Canterbury and Margate
hospitals with acute abdominal pain, and who required abdominal
radiography, were entered into the study. Subsequently 15 patients
were rejected, usually because they were too ill to undergo one of the
three standard views. Patients with an obvious clinical diagnosis-
for example, appendicitis-who would not normally be referred for
radiography were also excluded.
At the time of admission radiographs were reported on at two levels

of skill by surgeons of the admitting team-for example, senior house
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