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"Reciprocal" depression of the ST segment in acute
myocardial infarction

KEVIN JENNINGS, DOUGLAS S REID, DESMOND G JULIAN

Abstract

In acute myocardial infarction depression of the ST
segment in leads distant from those showing ST elevation
has been considered to be "reciprocal" but might reflect
local ischaemia. To examine this possibility 103 consecu-
tive patients who underwent exercise testing early after
myocardial infarction were reviewed. Treadmill exercise
testing was performed a mean of 12 (range 5-30) days
after infarction using a limited Naughton protocol.
Thirty five (34%) of the patients had had reciprocal
change, defined as a 1 mm ST depression in leads remote
from the site of the infarct, within 48 hours of infarction.
Twenty two (63%) of the 35 patients developed exercise
induced ST depression in the leads previously showing
reciprocal change. Coronary artery disease was assessed
in 10 of these patients by arteriography and in four at
necropsy: all but one had stenosis of > 50% in a coronary
artery supplying the reciprocal territory in addition to
the disease in the vessel to the infarct site. Of patients
with reciprocal ST depression, 23.5% experienced non-
fatal reinfarction, pulmonary oedema after discharge, or
death compared with only 9 5% of patients without
reciprocal ST depression. Eight (23 5%) patients with
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reciprocal depression had ventricular fibrillation while
in hospital compared with only two (3%) patients without.
Reciprocal ST depression in acute myocardial infarc-

tion may reflect ischaemia in territory distant from the
site of infarction and is associated with a high risk of
fatal arrhythmias and late morbidity.

Introduction

In acute myocardial infarction typical electrocardiographic
elevation of the ST segment is often accompanied by depression
of the ST segment in leads remote from the infarct site. This
ST depression has long been regarded as an electrical pheno-
menon, the ST depression merely reflecting the ST elevation
on the opposite side of the heart, and has been termed "recipro-
cal".2 While there is no doubt that these reciprocal changes
can occur, this location of ST depression might in some cases
reflect ischaemia in the territory of the ST change either distant
from or adjacent to the infarct site.3-5 There are several reasons
why ST depression may not be reciprocal. Firstly, it is not
always present even when ST elevation is extreme: fig 1 shows
two electrocardiograms from different patients with acute
anterior infarction. In the first tracing (fig la) in addition to
13 mm ST elevation there is ST depression in leads II, III,
and aVF. In the second tracing, however, despite ST elevation
of 25 mm there is no accompanying ST depression in the
inferior leads. Secondly, when ST depression is present it
does not always have the same time course as the ST elevation.

This raises the possibility that in some cases the ST depres-
sion may not be reciprocal but may reflect myocardial ischaemia
on the opposite side of the heart. There are several mechanisms
that might contribute to this ischaemia. If a patient with a
myocardial infarction has multivessel disease" an acute coronary

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.287.6393.634 on 3 S

eptem
ber 1983. D

ow
nloaded from

 

http://www.bmj.com/


3 SEPTEMBER 1983

If1cY V2 5

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7

leadsandin(b)no a ViS e

t~~~~~~~~~~~~~~~-

..JK:K4-t{ijfv{I{4l1... it...
r Pt.1

7I

...i.... ..t it...l

4aV
myocardial~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7

occlusion in a vessel supplying collateral flow to myocardium
fed by a critically narrowed vessel might lead to necrosis in
this secondary vascular region.7 An alternative explanation is
spasm in the coronary artery supplying non-infarcting myo-
cardium.8 There appears to be an increased tendency to spasm
in patients with recent myocardial infarction, often in vessels
that do not supply the infarct site, suggesting a possible role
for spasm in the infarction process and offering some explana-
tion for recurrent ischaemic events.9 Furthermore, the haemo-
dynamic changes of infarction, such as a fall in arterial diastolic
pressure or an increase in left ventricular filling pressure, could
reduce blood flow in territory where the blood supply is already
compromised. Finally, the increased workload imposed on the
myocardium by the development of akinesia or dyskinesia
might be a factor.
To examine the possibility that reciprocal ST depression

might reflect myocardial ischaemia we analysed the resting and
exercising electrocardiograms of a consecutive population of
patients able to perform a limited exercise protocol early after
rnAyocardial infarction.

Patients and methods

Study population-During the 12 months from August 1980, 1253
patients were admitted to the coronary care unit at this hospital.
Subsequently, 503 patients were found to have had a myocardial
infarction. Of these, 289 were aged less than 66 years and had at
least two of the following three criteria of myocardial infarction: at
least 30 minutes of ischaemic pain, new Q waves or evolutionary ST-T
wave changes, and a rise in serum creatine kinase activity to at least
twice the upper limit of normal. Of these 289 patients, 51 (170,) died
in hospital. Eighty six of the survivors were excluded from exercise
testing because of continuing ischaemic pain, cardiac failure, complex
arrhythmias, severe non-cardiac disease, or unwillingness to perform
an exercise test. Forty nine patients did not undergo exercise testing
at this time because it could not be arranged before discharge. Thus
103 patients with definite myocardial infarction who could be exer-

cised before discharge were reviewed. Their mean age was 54 (range
35-65) years, and 13 were women. Fifty three patients had an anterior
infarction, 46 had an inferior infarction, and four had a true posterior
infarction. All survivors were followed up for at least a year.

Resting electrocardiograms were independently reviewed by two
observers (KJ and DSR), and equivocal ST changes were referred
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to a third party for arbitration (DGJ). Electrocardiographic changes
of infarction were said to be present if new Q waves developed or
there were evolving typical ST-T wave changes. The infarct region
was defined as follows: in anterior infarction the changes were seen
in any of leads V1-V6; in inferior infarction in leads II, III, and aVF;
and in inferolateral infarction in leads II, III, aVF, I, aVL, and V4-
V6. True posterior infarction was defined as an R wave to S wave
ratio of > 1 in V1-V2, and in this case ST depression in V1-V2 was
considered to be part of the infarct site. Reciprocal ST depression
was defined as - 1 mm horizontal or downward sloping ST depression
at (or lasting for at least) 0 08 s from the J point of the QRS complex
in leads remote from the infarction site. Thus in inferior and infero-
lateral infarction ST depressiorl in any or all of leads V1-V4 and in
anterior infarction in any or all of leads II, III, or aVF was considered
to be reciprocal. ST depression in leads V5-V6 in inferior infarction
was considered to be "adjacent" (and often progressed to T inversion
unlike reciprocal depression), since it could be an area supplied by an
occluded circumflex or right coronary artery.10 To be reviewed, the
ST depression had to be present within 48 hours of the acute event.

Treadmill exercise tests-The table shows the exercise protocol.

Treadmill test protocol for patients early after acute myocardial infarction

Speed Incline Workload Cumulative
(mph) (0,) (mets*) time (min)

2 0 2 2
2 35 3 4
2 70 4 6
2 105 5 8

*Mets= Multiples of resting energy expenditure.

It requires patients to exercise to a low level of work up to a maximum
of 5 mets (multiples of resting energy expenditure) and is about the
magnitude of work we expect patients to be able to undertake at
home early after discharge from hospital after infarction. These
exercise tests were performed on a motorised treadmill from five to
30 (mean 12) days after infarction. The exercise was stopped if the
patient developed severe symptoms that prevented continuation, a

heart rate above 130 beats/min, a fall in systolic blood pressure
10 mm Hg, or more than three consecutive ventricular ectopic

beats.
Coronary artery disease-Information on coronary artery disease

was available for those patients who presented for elective cardiac
catheterisation because of severe symptoms or complications of
infarction and for those examined at necropsy. In anterior infarction
the coronary artery supplying the reciprocal territory was the domi-
nant circumflex or right coronary artery. In inferior infarction the
artery supplying the reciprocal territory was the left anterior descend-
ing artery.

Statistical analyses-We used the X2 and Student's t tests when
appropriate for statistical analysis.

Results

Resting electrocardiograms-Thirty five patients had reciprocal ST
depression (fig 2); another 20 had ST depression in leads adjacent to
those showing Q waves or ST elevation or both. Forty eight patients,
therefore, had no additional ST depression.

Exercise testing-Twenty two of the 35 (63%) patients with reci-
procal ST depression developed exercise induced ST depression in
the leads previously showing reciprocal ST depression (fig 2). By
contrast, only nine of the 48 (190°, ) patients without reciprocal
depression developed exercise induced ST depression in leads remote
from the site of the infarct (p< 0 001). Of the 20 patients with ST
depression adjacent to the infarct site, 13 (650/O) developed exercise
induced ST depression in leads previously showing these additional
ST changes.
Coronary anatomy-Cardiac catheterisation was performed in 30

patients and necropsy in a further six (fig 3). Fourteen of these patients
had had reciprocal ST depression and all but one (93%) had a stenosis
of ; 500) in the artery supplying the reciprocal territory in addition
to disease in the artery supplying the infarcted territory. Only 15
of 22 (6800) patients without reciprocal ST depression had notable
disease in an artery supplying the myocardium away from the infarct
site.

Creatine kinase enzyme release-The mean peak creatine kinase
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FIG 2-Prevalence of ST depression on resting electrocardiograms and
of exercise induced ST depression in 103 patients after acute myocardial
infarction. *p< 0001.
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FIG 3-Prevalence of multivessel disease in patients with
and without reciprocal ST depression after acute myocardial
infarction.

activity was 2142 (SD 1436) IU/I in patients with reciprocal ST
depression compared with 1350 (1029) IU/I in patients without
(p < 002). In addition, the mean peak creatine kinase activity in
patients with ST depression adjacent to the site of infarction (2160
(2145) IU/l) was higher than that in those patients without additional
ST depression, although this difference was not significant.

Follow up-Follow up data were available up to one year for every
surviving patient. Six of the 103 were taking part in a randomised
study of medical compared with surgical treatment and were ran-

domised to and underwent surgery; all six were alive and well at
least a year later. Since surgery probably interfered with the natural
history of their disease, however, they were excluded from analysis
at one year. Ten of the 103 patients experienced episodes of ventricular
fibrillation while in hospital. Eight of the 10 episodes occurred in the
35 patients with reciprocal ST depression and two in the 20 with ST
depression adjacent to infarcted territory; there were no episodes of
ventricular fibrillation in patients without any additional ST depres-
sion (p < 001). Eight of the remaining 34 patients with reciprocal ST
depression had serious late complications: four died, two had late
pulmonary oedema, and two had a non-fatal reinfarction. Only six
of the remaining 63 patients without reciprocal ST depression had
serious late complications: five died and one had a non-fatal re-

infarction. Forty two patients took beta-blockers at some time during
the year after infarction. This was elective treatment to control
symptoms as it was not policy to treat these patients routinely with
beta-blockade.

Discussion

The mechanism of ST segment shift in acute myocardial
infarction remains uncertain. Nevertheless, ST segment de-
pression remote from the site of infarction has been regarded
as reciprocal,'2 though Prinzmetal et al concluded that this ST
depression was not reciprocal but a primary response and
suggested that the ST shift was secondary to changes in the
sodium-potassium cell membrane gradients." More recently,
Shah et al suggested that precordial ST depression in inferior
infarction might indicate associated anterior ischaemia or non-

transmural infarction rather than a benign reciprocal electrical
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phenomenon. These conclusions were based on abnormalities
in regional wall movement and ejection fractions provided by
radionuclide angiography.

In our study 63,, of patients with reciprocal ST depression
developed ST depression in the same leads on gentle exercise,
a response that is compatible with an ischaemic process. In
addition, anatomical evidence showed that severe coronary
arterial disease was present in reciprocal territory, since in
over 90',0 of patients reciprocal ST depression was associated
with a pronounced narrowing in the coronary artery supplying
the reciprocal territory in addition to disease in the artery to
the infarcted myocardium. Information on coronary disease
was obtained in only a few patients, and by definition these
were a group with increased complications; they may have had
more extensive disease because of this selection. At the time
this study was performed, however, it was not routine practice,
or even considered to be ethical, to catheterise all patients after
uncomplicated myocardial infarction. Furthermore, demonstrat-
ing coronary disease does not by itself identify ischaemic
myocardium and we suggest that our finding of a high incidence
of exercise induced ST depression in leads previously showing
reciprocal ST depression provides good evidence of ischaemia
in the underlying myocardium. Our results also show that
patients with these reciprocal changes have larger infarcts, as
identified by higher peak creatine kinase enzyme release, than
patients without these ST changes and that reciprocal ST
depression appears to be associated with a high incidence of
ventricular fibrillation in hospital and morbidity outside hos-
pital. These findings raise the possibility that this ST depression
remote from the site of infarction may reflect additional ischae-
mia in non-infarcting territory.
The finding that reciprocal ST depression in our study was

associated with higher creatine kinase enzyme release may
indicate that ST depression reflects some myocardial necrosis
in reciprocal territory. An alternative explanation is that only
large infarcts impose a sufficient haemodynamic burden to
render the opposite wall ischaemic, resulting in ST depression.
Other authors have also found that reciprocal depression is
associated with increased creatine kinase activity.5 121:1 Some
workers have concluded that this ST depression in inferior
infarction represents more extensive inferoposterior infarction
and greater global and regional left ventricular damage rather
than anterior ischaemia.5 12 In contrast, Croft et al did not find
any difference in left ventricular function in patients with
reciprocal ST depression compared with those without these
changes.'4 It should be noted, however, that in these three latter
studies, which examined reciprocal depression in inferior
infarction, leads V5-V6 were included in the analysis, these
leads representing territory that could be perfused by a single
occluded artery to the infarct site."' In this context our finding
that ST depression adjacent to infarcting myocardium was
associated with higher creatine kinase activity than in patients
without any ST depression probably does reflect extension of
the infarct around the posterolateral wall. The finding that 65",,
of these patients developed ST depression in these leads on
gentle exercise may indicate continuing ischaemia adjacent to
infarcted muscle.

In support of our finding that reciprocal ST depression is
commonly associated with severe disease in the coronary artery
to the reciprocal territory is the report that in patients with
inferior infarction 96", with reciprocal depression had severe
left anterior descending artery disease.4 In contrast, the other
studies of reciprocal ST depression did not find this associa-
tion.' 124 These are the two studies that included leads V4-V6
in the analysis.
The finding that reciprocal ST depression is predictive of a

high morbidity after discharge has been confirmed by other
reports.' '' Whatever the explanation, reciprocal ST depression
in acute myocardial infarction is associated with a high incidence
of early mortality and late complications of infarction and may
identify a population of patients who might benefit from further
intervention.
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Initial experience with indium-ill autologous leucocyte
imaging in patients with acute pancreatitis

J R ANDERSON, R A J SPENCE, J D LAIRD, W R FERGUSON, T L KENNEDY

Abstract

Indium-1ll labelled autologous leucocyte imaging was
used to assess severity in 13 patients with acute pan-
creatitis. All three patients with severe disease as judged
by a prognostic factor grading system had a positive
result on imaging. A fourth patient with mild disease as
judged by prognostic factors had a positive imaging
result and 14 days later developed a pseudocyst. There
were no false positive or false negative scans. Evidence
from three patients suggested that a positive "'In-leuco-
cyte imaging result implies substantial fat necrosis.

In this study imaging was as accurate as prognostic
factor grading. The technique may be a useful method of
separating mild from severe acute pancreatitis.

Introduction

Indium-ill labelled autologous leucocyte imaging is now an
established method for locating infection, both within the
abdomen and at other sites.' -3 Recent reports suggest that it
also accurately assesses the extent of colonic inflammatory bowel
disease.' I To date there is only one report of its use in acute
pancreatitis-namely, in patients being investigated for sus-
pected pancreatic abscesses.6 We report our experience of the
use of "'In imaging in patients with acute pancreatitis.
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Patients and methods

Thirteen patients were studied prospectively. Seven were women
and six men, and their average age was 56 years (range 19-86). The
diagnosis of acute pancreatitis was based on the clinical presentation
together with a serum amylase activity greater than 1000 IU/I (mean
value on admission 3257 IU/I, range 1050-8100 IU/1). Serum amylase
measurements were recorded daily until they had returned to normal,
and thereafter they were recorded every three days until discharge.
In four patients the serum amylase activity had returned to normal
three days after admission, in three patients by the fourth day, in a
further four patients by day 5, and in the final two patients by day 7.
The severity of the initial attack was assessed using the prognostic

factor grading system described by Imrie et a1,7 as modified for gall
stone associated pancreatitis.8 Two patients developed hypocalcaemia,
with serum calcium concentrations falling below 2 0 mmol/l (8 0 mg/
100 ml). Ultrasound examinations were performed in 11 of the
patients within five days of admission.

For each patient autologous leucocytes labelled with "'In were
prepared using "'In-hydroxyquinoline (oxine) solution (Amersham
International IN 15P), the labelling dose being in the range 10-20
MBq (270-540 1iCi). A mean labelling efficiency of 78.50% (range
62-95") was achieved for all patients studied. In all cases at least
one set of images was obtained within 24 hours of administration of
the labelled leucocytes. Imaging was performed with the patients
supine using a large field of view gammacamera fitted with a parallel
hole medium energy collimator and with analyser windows set to
accept the 171 and 247 keV gamma photons from I"'In. At least 400 000
counts per image were collected. Imaging was performed within three
days of admission in 12 patients and on day 7 after diagnosis in the
remaining patient.

Results

The table shows the aetiology and severity of the condition in the
13 patients and compares the results of "'In-leucocyte imaging and
abdominal ultrasound. Three patients had severe pancreatitis, and
all three had positive "'In-leucocyte imaging results (fig 1). A fourth
patient (case 8), judged on prognostic factors to have mild disease,
had a positive result on "'In-leucocyte imaging (fig 2). This patient
developed a pseudocyst 14 days after admission.
The remaining nine patients all had mild pancreatitis on prognostic
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