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The dobutamine stress test as an alternative to
exercise testing after acute myocardial infarction
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SUMMARY Three weeks after myocardial infarction in 50 patients the effect of the infusion of a
graded dose ofdobutamine was compared with that ofsymptom limited treadmill exercise testing.
The following variables were measured: blood pressure, heart rate, ST segment changes, Doppler
aortic blood flow, and cross sectional echocardiographic dimensions. The heart rate and double
product increased more -during exercise than during dobutamine infusion, while maximum
acceleration in the ascending aorta increased more during dobutamine infusion than during
exercise. Significant ST depression was recorded in 22 patients during exercise and in 24 during
dobutamine infusion; the concordance between the two tests was 88%. In all cases in which ST
segment depression occurred in both tests the site of ST depression was the same. Dobutamine
stress testing is an alternative to exercise testing in patients after myocardial infarction.

Exercise stress testing has an established place in the
assessment of patients after acute mycardial infarc-
tion.' Many patients complete an exercise test with-
out difficulty and gain encouragement from their
performance. A sizeable minority, however, are not
able to perform an adequate test because of anxiety,
poor motivation, peripheral vascular disease, or
musculoskeletal or neurological disorders. Further-
more, imaging techniques such as echocardiography
cannot usually be performed satisfactorily during-
exercise.
Methods other than exercise have been developed

to induce ischaemia in patients with ischaemic heart
disease, including dipyridamole thallium imaging,23
atrial pacing,4 and inotropic stimulation with
isoprenaline, dopamine, or dobutamine.7 Few
reports, however, examine the value of inotropic
stimulation as a method of testing for residual
ischaemia in patients after infarction.
We have studied the electrocardiographic and

haemodynamic effects ofgraded doses ofintravenous
dobutamine in patients early after acute myocardial
infarction and have compared these changes with
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those occurring during exercise testing in the same
patients.

Patients and methods

PATIENTS
Exercise and dobutamine stress tests were performed
three weeks after acute myocardial infarction in fifty
patients (mean (SD) age 56 (5), range 35-69). Nine
(18%) of the patients were women. The diagnosis of
acute myocardial infarction was based on at least two
of three criteria: (a) a history of chest pain suggestive
of myocardial ischaemia persisting for at least 30
minutes; (b) evolution ofnew pathological Q waves or
persistent ST-T wave changes suggestive of non-Q
wave infarction; (c) a rise in the concentrations of
aspartate transaminase, hydroxybutyrate dehydro-
genase, or creatine kinase to at least twice the upper
limits ofthe reference ranges. The resting electrocar-
diogram showed anterior infarction in 16 patients,
inferior in 22, lateral in four, true posterior in two,
and non-Q wave infarction in six. Three (6%)
patients had a history of a previous myocardial
infarction. Patients with bundle branch block or non-
ischaemic valvar heart disease were excluded.
Patients were randomly selected for the study before
the exercise test and their written consent was
obtained.
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EXERCISE STRESS TESTING
Three weeks after myocardial infarction patients
performed symptom limited treadmill exercise
testing according to the Bruce protocol. A 12 lead
electrocardiogram was recorded before exercise, at
the end of each stage, and at peak exercise. Leads II,
V2, and V5 were monitored continuously. Blood
pressure was measured in the right arm by sphyg-
momanometry at the same time as the electrocar-
diogram was recorded. The double product, heart
rate x systolic blood pressure, was calculated at rest
and at peak exercise. A positive test was defined by
the development of > 1 mm of horizontal or down-
sloping ST segment depression 80 ms after the J
point in any lead except aVR.

Stroke volume and cardiac output were deter-
mined by transcutaneous continuous wave Doppler
ultrasound and M mode echocardiography as
previously described.8 Blood flow in the ascending
aorta was measured from the suprasternal notch by a
bidirectional continuous wave Doppler blood
velocity meter (Bach Simpson BVM 202 transmit-
ting at 2-2 MHz or Quinton Exerdop transmitting at
3-0 MHz) The systolic velocity integral and the
maximum acceleration were obtained from the aortic
blood velocity signals recorded at rest and at peak
exercise.9 The cross sectional area of the aortic root
was measured at rest by M mode echocardiography.
The average systolic aortic root diameter was deter-
mined from theM mode recordings by planimetry.10

Exercise was continued until one of the following
end points developed: (a) > 3 mm ST segment
depression 80 ms after the J point; (b) a fall in the
systolic blood pressure of > 10 mmHg; (c) the
development of chest pain, dyspnoea, fatigue,
dizziness, or leg cramps.

DOBUTAMINE STRESS TESTING
Dobutamine stress testing was undertaken on the day
after the exercise test. After a control period
dobutamine was infused via an intravenous cannula
placed in a vein in the left forearm. We increased the
dose from 5 jg/kg/min up to a maximum of20 jg/kg/
min in steps of5 ig/kg/min. Six to eight minutes after
the start of each dose we recorded a 12 lead
electrocardiogram, blood pressure, and Doppler
aortic blood flow measurements.

Cross sectional echocardiographic studies were
performed during the control period and during the
peak dobutamine infusion rate with a Xonics 5500D
or Hewlett-Packard 77020A system with a 3-5 MHz
transducer. Whenever possible, multiple images
were obtained in the parasternal long axis and short
axis (mitral valve and papillary muscle levels) views
and the apical two and four chamber views. Images
were recorded on to video tape and were analysed by

an expert independent observer who was unaware of
the other test findings. For quantitative analysis the
left ventricle was divided into 16 segments according
to a modified version of the convention described by
Gibson et al." Segmental wall motion was deter-
mined by the observer's impression of the inward
movement of the endocardium and the degree of
myocardial thickening during systole. Each wall
segment was assigned a number corresponding to the
wall motion analysis: -1 = hyperkinetic, 0 =
normal, 1 = hypokinetic, 2 = akinetic, and 3 =
dyskinetic. The sum of the segmental scores was
divided by the number of segments seen and a wall
motion score index was thus derived. For the study to
be regarded as acceptable, the same segments had to
be imaged both at rest and during stress.
Dobutamine infusion was continued until one of

the following end points: (a) development of > 3 mm
ST segment depression, (b) development of chest
pain or dyspnoea, (c) development of frequent or
complex ventricular arrhythmias, (d) attainment of
the peak dose (20 ig/kg/min).

Patients stopped taking j blocking agents for at
least 48 hours before the exercise test. Patients taking
calcium antagonists, nitrates, or diuretics continued
their medication throughout the studies.

CARDIAC CATHETERISATION
Cardiac catheterisation was carried out by either the
Judkins' or Sones' technique within four weeks ofthe
stress tests in 26 patients in whom there was a clinical
indication for catheterisation (post-infarction
angina, ST depression on exercise, or poor blood
pressure response to exercise). The angiograms were
evaluated by an experienced observer who was
unaware of the other test findings. Disease was
regarded as significant if there was a stenosis of
>50% in the left mainstem coronary artery or
> 70% in the other vessels. Disease in the branches
of left anterior descending, circumflex, and right
coronary arteries was classified as disease of the main
vessel.

STATISTICAL ANALYSIS
Two tailed Student's t tests, paired when
appropriate, were used to test for statistically
significant differences in the continuous variables
that we measured. The x' test was used for discrete
variables. The mean and standard errors of the mean
are shown; a value of at least p < 0 05 was regarded as
significant.

Results

HAEMODYNAMIC RESPONSES
Technically acceptable Doppler studies of aortic
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blood velocity were obtained in 38 patients during
exercise and dobutamine administration. The table
shows the haemodynamic responses to exercise and
dobutamine. Systolic blood pressure, heart rate,
double product, maximum acceleration, and cardiac
output at peak exercise and peak dobutamine
infusion rates were significantly higher than control
values. Peak exercise produced a significantly greater
increase in heart rate than peak dobutamine (68% vs
44%, p < 0-001) Similarly, peak exercise produced a
greater increase in double product than peak
dobutamine (107% vs 77%, p<0-001). In contrast,
the increase in maximum acceleration in the ascend-
ing aorta was significantly greater with dobutamine
than with exercise (1 18% vs 51 %, p < 0-001).

ST SEGMENT CHANGES
Significant ST segment depression was recorded in
22 patients during exercise and in 24 during
dobutamine infusion; the concordance between the
two tests was 88% (p < 0-01):

Dobutamine
-ve +ve

Exercise -ve 24 4
+ ve 2 20

In all cases in which ST segment depression occurred
in both tests, the site of ST depression was the same.
ST segment depression started in one patient at 5 ig/
kg/min, in 10 at 10 pg/kg/min, in 10 at 15 pg/kg/min,
and in three at 20 ig/kg/min of dobutamine. The
heart rate at the onset of important ST segment
depression was significantly lower for dobutamine
(93 (4) min) than for exercise (117 (6) min) (p < 0-01).
No patient had downsloping ST depression on

dobutamine, though two patients developed down-
sloping ST depression during the recovery phase
after exercise. In 10 patients with an exercise time of
less than three minutes, 7 (70%) also failed to reach
the maximum dobutamine dose because ofchest pain
or ST depression. Fifteen (94%) of the 16 patients

who developed significant ST depression before
three minutes of exercise again failed to reach the
maximum dobutamine dose because of ST depres-
sion.

WALL MOTION ABNORMALITIES DURING
DOBUTAMINE INFUSION
Technically acceptable cross sectional echocardio-
grams were obtained during control tests and at peak
dobutamine infusions in 41 patients. In 20 patients
the wall motion score index was higher at peak
dobutamine infusion than during the baseline test,
indicating increased wall motion abnormality. There
was a significant association between the change in
wall motion score index (WMSI) and the presence of
significant ST segment depression at peak exercise
(p<0-01).

WMSI WMSI same

less or more

No ST segment depression 17 4
ST segment depression 3 17
In patients with no ST segment changes mean wall
motion score index was lower at peak dobutamine
infusion (0-44 (0-13)) than at baseline (0-71 (0-08)),
p < 0-01. In patients with significant ST depression,
there was an increase in mean wall motion score
index, though this did not reach statistical sig-
nificance (0-80 (0-12)) at peak dobutamine vs 0-63
(0-12) baseline). Three of the four patients with no
ST segment depression but an increase in wall
motion score index had widespread electrocardio-
graphic abnormalities at rest caused by multiple
previous infarctions.

CATHETERISATION DATA
Catheterisation data were available in 25 patients.
Thirteen had three vessel disease, six had two vessel
disease, and six had single vessel disease. Three ofthe
patients with triple vessel disease had no significant
ST changes during the dobutamine test; the remain-
ing ten all showed a positive electrocardiographic
response to dobutamine. All three patients with
triple vessel disease but without ST changes on

Table Haemodynamic data (mean (SE)) during exercise and dobutamine infusion in 38 patients three weeks after acute
myocardial infarction

p valuefor comparison between
Exercise Dobutamine exercise and dobutamine tests

Data Rest Peak Control Peak Rest Peak

Systolic BP (mm Hg) 122 (3-3) 150 (4.6)* 127 (2-9) 153 (5-8)* NS NS
Heart rate (beats/min) 81 (2 5) 136 (3 6)* 78 (2) 112 (3-6)* NS <0-001
Double product (mm Hg/min x 1' 996 (3-9) 2064 (89)* 955 (3-0) 169 (6-9)* NS <0-001
Maximum acceleration (Ms2) 15-9 (0-7) 24-1 (4-0)* 17-3 (0-7) 37-7 (3.3)* NS <0-001
Stroke volume (ml) 68 (3-7) 63 (4-6) 77-0 (4-7) 74-4 (3-9) < 0-05 < 0-05
Cardiac output (1/min) 5-0 (0-3) 8-5 (0 7)* 6-0 (0-4) 7-8 (0-5)* <0-01 NS

*p< 0-05 for comparison between resting and peak values.
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dobutamine had widespread electrocardiographic
abnormalities at rest, and in all three there was a
striking increase in wall motion abnormality shown
by echocardiography during dobutamine stress, with
a mean increase in wall motion score of 5000,
compared with a 1750% decrease in wall motion score
in those patients without ST depression who did not
have three vessel disease. The increase in blood
pressure during dobutamine was significantly
smaller in those with three vessel disease than in
those known to have two or one vessel disease (10 (15)
vs 26(17) mm Hg, p < 0-02).

ADVERSE REACTIONS AND COMPLICATIONS
Neither exercise nor dobutamine infusion caused any
serious complications or adverse reactions. Five
patients experienced angina on exertion during
exercise.
Dobutamine infusion was stopped before 20 ug/

kg/min in 20 patients for the following reasons: a
sensation of pounding in the head in four (at 15 Mg/
kg/min); chest pain in one (at 5 ug/kg/min); nausea in
one (10 pg/kg/min); shortness of breath in two (at 10
and 15 ug/kg/min); maximum heart rate for age and
sex in three (at 15 pg/kg/min); systolic blood pressure
>200 mm Hg in one (at 15 pg/kg/min); 3 mm ST
segment depression in three (one at 10 and two at 15
,ug/kg/min); frequent or complex ventricular
extrasystoles in two (at 15 pg/kg/min); and > 3 mm
ST segment depression and complex extrasystoles in
three (at 10 ug/kg/min). The onset of important
ventricular extrasystoles started during dobutamine
administration in eight patients; one patient had non-
sustained uniform ventricular tachycardia of ten
beats, four patients developed occasional ventricular
couplets, and three developed > 10 ventricular
extrasystoles/minute at the peak dose. In seven out of
the 50 patients the frequency of extrasystoles
increased on exercise, but none had ventricular
tachycardia. In no patient in whom the results of
exercise and dobutamine were discordant with res-
pect to ST depression was either test stopped because
of adverse effects other than ST depression or chest
pain. In all cases, the effects of dobutamine, in terms
of heart rate, blood pressure, ST depression, and
adverse effects (where these occurred) subsided very
quickly, within one minute in most cases, without
further treatment once the infusion was stopped.

Discussion

ST depression on exercise' and the haemodynamic
response to exercise"2-14 are valuable in the detection
of multivessel disease and in predicting mortality in
patients after acute myocardial infarction. The value
of the exercise test is, however, limited in a substan-

tial minority of patients by anxiety or pre-existing
musculoskeletal, neurological, or pulmonary disease.
The value of the test is also limited in those with
widespread electrocardiographic abnormalities at
rest, because in these patients the electrocardiogra-
phic changes may be modified, and imaging tech-
niques are difficult to perform during exercise. While
several alternative and often excellent techniques
have been developed to allow stress testing and
cardiac imaging without exercise in patients with
ischaemic heart disease, including the dipyridamole-
thallium test,2' exercise radionuclide ventriculogra-
phy,"" and atrial pacing-echocardiography,4 these
tests are not widely used because of the specialised
equipment and expertise that they require. Such tests
cannot usually be performed in the district general
hospital, to which most patients with acute myocar-
dial infarction are admitted. The advantage of the
test that we have described is that it requires only
simple, familiar equipment. In nearly all of our
patients, there was concordance between the
occurrence of ST changes on dobutamine and during
exercise, and so the tests may be regarded as
providing similar information.
We also found that, although this was not an

essential part of the test, in some patients echocar-
diography could be performed easily during
dobutamine infusion and did provide extra informa-
tion: in the three patients without significant ST
changes during dobutamine in whom triple vessel
disease was demonstrated, there was a striking
increase in wall motion abnormality during
dobutamine infusion. In these three patients any ST
changes on exercise were obscured by widespread
ST abnormalities at rest caused by previous infarc-
tion; dobutamine infusion with echocardiography
may thus provide a non-invasive technique for
identifying three vessel disease in such patients. It
must be emphasised, however, that in many patients
detailed echocardiographic analysis of wall motion is
not feasible and also that assessment ofwall motion is
subjective. Considerable expertise is needed to detect
small changes in wall motion and such changes are
probably not reliable enough to be of much value in
practice. In cases in which there are considerable
changes, however, useful conclusions may be drawn.
The dobutamine stress test may also prove to be of
value when combined with other forms of cardiac
imaging, such as radionuclide studies.

Although the use of inotrope infusion tests to
induce myocardial ischaemia in patients with
ischaemic heart disease has been reported before,57
experience in the early post-infarction period is
limited. Berthe et al have recently shown that cross
sectional echocardiography with dobutamine testing
was better than pre-discharge submaximal bicycle
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exercise testing for the detection of three vessel
disease after infarction.'5 We found that the
dobutamine test was also of value three weeks after
acute infarction when symptom limited treadmill
exercise was performed.
We were able to examine in more detail the

mechanism of ischaemia during dobutamine
infusion. The double product was lower during
dobutamine administration since although the
systolic blood pressure increased to a comparable
extent, the increase in heart rate was less on exercise.
Maximum acceleration, on the other hand, increased
to a much greater extent during dobutamine infusion
than during exercise. The ischaemia produced
during dobutamine infusion therefore seems to be
caused predominantly by an increase in the inotropic
state rather than through an increase in heart rate (as
it is during exercise). In this small study we have not
been able to assess fully the ability ofthe dobutamine
stress test to assist in distinguishing between patients
with triple vessel disease and those with single and
double vessel disease in the same way in which this is
sometimes possible with exercise.'6 None the less, as
with exercise testing, those with triple vessel disease
did have a smaller increase in blood pressure during
the dobutamine test than those without three vessel
disease. Furthermore, the only patient with very
early onset ST depression on dobutamine had severe
three vessel disease; but none of those in whom ST
depression occurred late (at a dose of 20 ug/kg/min)
had triple vessel disease. Seven out ofthe ten patients
who were unable to complete more than three
minutes of exercise also developed ischaemia before
the maximum dobutamine dose, and fifteen of the
sixteen patients who developed ST depression
within the first three minutes of exercise developed
ischaemia before the maximum dose of dobutamine
was reached. No downsloping ST depression was
seen with dobutamine, though this could have been
partly because the effects of dobutamine were more
short lived than the effects of exercise, so that the
same degree ofischaemia did not develop. Although a
larger study would be needed to establish
the discriminatory power of the dobutamine test for
identification of three vessel disease, these prelimin-
ary results suggest that the dobutamine test would be
at least as good as exercise.

In conclusion, we found that the use of graded
doses ofdobutamine infusion in patients three weeks
after myocardial infarction produced changes in ST
segment and blood pressure that resembled those
that occurred on treadmill exercise. It seems that
ischaemia is induced by increased inotropism during
this test, despite the smaller increase in heart rate
than on exercise. The test is economical and requires
only familiar, widely available equipment. Some

arrhythmias are induced, however, so that the test
may not be suitable in patients with a tendency to
arrhythmia; full resuscitation facilities should be
available when the test is performed. Dobutamine
stress testing is a possible alternative to exercise
testing in patients after myocardial infarction.

DM was supported during this study by Eli Lilly and
Company, England.
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