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Abstract
Objective-To compare the ability of
dobutamine and exercise stress to induce
myocardial ischaemia and perfusion het-
erogeneity under routine clinical circum-
stances.
Design-86 active patients without pre-
vious myocardial infarction were studied
by dobutamine and exercise stress proto-
cols and coronary angiography. During
both tests patients underwent electrocar-
diography, digitised echocardiography,
and perfusion scintigraphy using Tc-99m
methoxybutylisonitrile (MIBI) single
photon emission computed tomography.
Main outcome measure-Coronary dis-
ease defined as an ST segment depression
of > 0-1 mV, a resting or stress induced
perfusion defect, or a resting or stress
induced wail motion abnormality on
exercise and dobutamine stress testing.
Results-Dobutamine stress was sub-
maximal in 51 patients because of inges-
tion of f adrenoceptor blocking agents on
the day of the test (n = 25) or failure to
attain the peak dose owing to side effects
(n = 28). Exercise was limited in. 23
patients by non-cardiac symptoms. The
peak heart rate with dobutamine was less
than that attained with exercise (105
(25) v 132 ( 24) beatslmin, P < 0.0001);
the response to maximal dobutamine
stress significantly exceeded that to sub-
maximal stress. Peak blood pressure was
greatest with exercise (206 ( 27) v 173 (25)
mm Hg, P < 0.001), values at maximal
and submaximal dobutamine stress being
comparable. Electrocardiographic evi-
dence of ischaemia was induced less fre-
quently by dobutamine than exercise
(32% v 77% of the 56 patients with signi-
ficant coronary disease, P < 0.01), as
was abnormal wail motion (54% v 88%,
P < 0.001). Ischaemia was induced more
readily with maximal stress of either
type; thus the sensitivities ofdobutmine
and exercise echocardiography were
comparable only in patients undergoing
a maximal dobutamine testing (73% v
77%, NS). Perfusion heterogeneity was
induced in 58% of patients with coronary
disease at submaximal dobutamine
stress, 73% at maximal dobutamine
stress, and 73% at exercise stress (NS).
Among 30 patients without coronary
stenoses, normal function was obtained
in 83% of echocardiography studies with
dobutamine and in 80%/o with exercise

(NS). Normal perfusion was identified in
70%/o of these patients at exercise MIBI,
and 68% at dobutamine stress (NS).
Conclusions-In a group ofpatients stud-
ied under normal clinical circumstances
antianginal treatment and inability to
complete the stress protocol are frequent
and compromise the capacity of dobuta-
mine stress to induce ischaemia. In con-
trast, the induction of perfusion
heterogeneity is less susceptible to sub-
maximal stress.

(Br Heartj 1994;72:31-38)

Regional abnormalities in perfusion or wall
motion that are not apparent at rest may be
induced by increasing cardiac workload in
patients with coronary artery disease.' The
optimal means of increasing cardiac work for
the induction of ischaemia has not been
defined, although exercise is accepted as the
preferred stress test in patients who are able to
exercise maximally.2 The combination of
echocardiography with exercise is, however,
technically difficult both to perform and to
interpret-something that has been amelio-
rated but not solved by image digitisation.3

Dobutamine stress testing may be com-
bined with either echocardiography4 or per-
fusion scintigraphy910 to detect coronary
artery disease in patients who are unable to
exercise. Because exercise induced hyperven-
tilation does not occur, and the patient
remains stationary during the test, image
acquisition is easier; the availability of better
quality images may also make interpretation
easier. These considerations have made dobu-
tamine echocardiography an attractive alter-
native to exercise echocardiography, even in
patients who can exercise maximally.
However, the recorded sensitivities of stress
echocardiography using dobutamine" and
exercise vary' -16 according to the study popu-
lation and clinical state. The techniques need
to be compared under the same circum-
stances, and the comparative influence of fac-
tors such as antianginal drug ingestion and
submaximal stress-which may compromise
either test, but to various extents-have not
been clarified. We compared the ability of
exercise and dobutamine stress to increase
cardiac workload and induce ischaemia or
flow heterogeneity in the same heterogeneous
population of patients undergoing coronary
angiography under routine clinical cir-
cumstances. In addition, we assessed the
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feasibility of each method for stress echocar-
diography by comparing the quality of
echocardiograms and their ease of interpreta-
tion.

Methods
PATIENTS
Eighty six patients without a history of
myocardial infarction, (60 men and 26
women, mean age 59 (9) years) were studied
at the time of diagnostic coronary angiogra-
phy for symptoms suggestive of coronary
artery disease. Dobutamine and exercise
stress tests were both performed during the
patients' hospital admission for coronary
angiography, and the tests were therefore sep-
arated by 1-2 days. Tests were performed in
random order, except when the second test
was arranged after angiography for scheduling
reasons, in which case dobutamine echocar-
diography was performed at this time because
the arterial wound limited the ability to exer-
cise maximally. Patients with contraindica-
tions to dobutamine or exercise stress testing
(principally unstable angina, serious arrhyth-
mias, and severe hypertension) were excluded
for safety reasons. Patients with severe valvar
heart disease, cardiomyopathy, or previous
coronary bypass grafting were also excluded
because correlating the results of stress testing
with those of angiography is limited under
these circumstances. The study protocol was
approved by the hospital ethics committee.

CORONARY ANGIOGRAPHY
Selective coronary angiograms were obtained
in multiple projections. The films were
reviewed by an independent observer blinded
to the clinical features, electrocardiographic,
echocardiographic, and scintigraphic results.
Stenoses were traced manually, and the per-
centage of stenosis was calculated by compar-
ing the stenosis diameter with an adjacent
normal segment. Significant coronary
stenoses (defined by >50% reduction in lumi-
nal diameter) were present in 56 patients, 34
ofwhom had multivessel disease.

EXERCISE STRESS
Patients exercised using a previously
described cycle ergometer protocol,'7 starting
at 20 W and increasing in increments of 20W
every minute. Patients were encouraged to
perform maximal ex&rcise; clinical, electrocar-
diographic, and echocardiographic features
were monitored throughout the test. Exercise
was limited by symptoms, being stopped for
severe angina (n = 18), hypotension (n = 11),
and non-ischaemic end points, including dysp-
noea (n = 13), fatigue (n = 42), and hyper-
tension (n = 2).

DOBUTAMINE STRESS
Dobutamine was administered by continuous
intravenous injection using a previously
described protocol.'0 The starting dose was
5 ,ug/kg/minute, and was increased in incre-
ments every three minutes to 10, 20, 30, and
40 ,ug/kg/minute. The test was monitored in

the same way as the exercise tests. The study
was terminated at the end of the protocol in
50 patients, because of severe angina in eight,
and because of side effects in 28. Side effects
comprised hypotension (>20 mm Hg reduc-
tion in blood pressure) in 20 patients,
hypertension (systolic blood pressure >220
mmHg) in three patients, arrhythmia (sus-
tained supraventricular tachycardia, non-sus-
tained ventricular tachycardia, and frequent
multifocal ventricular extrasystoles) in three
patients, and intolerable symptoms of anxiety
in two patients. All side effects were self limit-
ing, and no serious complications occurred.

ELECTROCARDIOGRAPHIC ANALYSIS
The Frank leads X, Y, and Z were monitored
continuously and digitised each minute dur-
ing each stress test.'7 Blood pressure and pulse
rates were recorded at the conclusion of each
dobutamine dose, and every two minutes dur-
ing exercise stress testing. Electrocardiograms
were read by an independent observer blinded
to the angiographic and echocardiographic
data. Significant ST segment change was
defined as an ST depression of more than
0 1 mV or ST elevation at 0-06 ms after the
J point.

ECHOCARDIOGRAPHY
Cross sectional echocardiography was per-
formed using standard equipment, and in the
four standard views. The heart was imaged
continually during stress testing, with record-
ings at the end of each three minute increase
in dobutamine dose and every two minutes
during exercise stress testing. Imaging was
continued for three minutes at the end of test-
ing or until abnormalities in wall motion
resolved. In addition to recording on half inch
video tape, images were digitised on line and
portrayed in a split screen (four screens).
Images while the subject was at rest were
compared with images at the peak of exercise
or after exercise or with images at low (10
,ug/kg/min) and high doses (30 and 40
,ug/kg/min) of dobutamine.

Echocardiographic data were interpreted
by the two observers blinded to the clinical,
electrocardiographic, and angiographic fea-
tures of the patients by means of digitised
images and video recordings. Interpretations
were performed using a semi quantitative
approach,'8 which entailed comparing
regional wall motion in 16 myocardial seg-
ments divided according to the criteria of the
American Society of Echocardiography.
These segments were defined to match the
territories of the coronary arteries as pre-
viously described'4; the anterior, apical, sep-
tal, and anteroseptal walls were ascribed to
the left anterior descending artery, the poste-
rior and lateral walls to the left circumflex
artery, and the inferior and basal septal seg-
ments to the right coronary artery. Each
region was scored 1 (normal), 2 (hypoki-
netic), 3 (akinetic), or 4 (dyskinetic). A nor-
mal response in either test comprised
homogeneous contraction at rest and with
stress. Myocardial ischaemia was identified by
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the development of regional hypokinesis, aki-
nesis, or dyskinesis in response to stress.
Myocardial infarction (present as the only
abnormality in only two patients because of
the selection criteria) was identified by resting
akinesis or dyskinesis. Hypokinesis at rest was
identified as normal if it improved in parallel
with the rest of the myocardium, or ischaemic
if it deteriorated or failed to improve in the
presence of enhanced regional wall motion
elsewhere. These criteria were used to classify
echocardiograms as normal or abnormal.

In addition to the categorisation of normal
and abnormal responses, the extent of
ischaemia was defined by the proportion of
the 16 segments which showed ischaemia.
The feasibility of each stress technique for
echocardiography was compared on the
grounds of image quality and ease of interpre-
tation. Image quality was described using a
previously defined four point score, whereby
an A quality image showed the complete
endocardium, a B quality image showed all
segments without complete endocardial defin-
ition, a C quality image did not permit detec-
tion of one or more segments, but adjacent
segments within the same coronary territory
could be interpreted in other views, and a D
quality study precluded interpretation of seg-
ments comprising one or more territories.14
Ease of interpretation was defined subjec-
tively, using a continuous three point score.
Finally, studies were read independently from
tape and digitised images so that sensitivity
and specificity were obtained for each record-
ing method.

PERFUSION IMAGING
Technetium-99m methoxybutylisonitrile (20
mCi) was injected 1 to 2 minutes before con-
clusion of exercise stress in all 86 patients and
in 82 dobutamine studies. Stress perfusion
imaging was performed 1 to 2 hours later.
The same dose of isotope was injected at rest
on another day to obtain resting images. If
resting images were required on the same day
because of scheduling considerations, the
resting scan (using only 5 mCi of the agent)
was performed first, with stress imaging six
hours later.19 Scintigraphic data were acquired
using a large field, single crystal camera and
high resolution collimator (General Electric
400 AC/t), over a 180°. Transaxial images
were obtained by back projection using a
Shepp-Logan filter and then reoriented into
vertical and horizontal long and short axis
views.

Perfusion scintigraphy was interpreted by
experienced observers blinded to the other
investigations. The same segmentation as that
used for echocardiography was used to permit
a qualitative comparison between stress and

Table 1 Mean (SD) peak heart rate, systolic blood pressure, and rate-pressure product in
86 patients on dobutamine and exercise stress testing

Heart rate (beatslmin) Systolic pressure (mm hg) Rate ofpressure product

Dobutamine 106 (25) 174 (25) 185 (55)
Exercise 133 (23) 206 (27) 271 (68)
P value 0-001 0-0001 0-0001

rest images. An analogous defect extent score
was derived by expressing the number of
abnormal segments as a percentage of the
total. Regions were interpreted as showing
normal perfusion, a stress induced perfusion
defect, or a fixed perfusion defect (eight
patients).

DATA ANALYSIS
The results of exercise and dobutamine stress
echocardiography were compared as paired
data by McNemar's test. Continuous vari-
ables for exercise and dobutamine stresses
were compared using paired t tests. Unpaired
data were compared using the x2 test, with
Yates's correction or Fisher's exact test,
depending on the sample size. Results were
expressed as means (SD), and significant dif-
ferences were defined as P < 0 05.

Results
RESPONSES TO DOBUTAMINE AND EXERCISE
STRESS
Table 1 shows the responses of all 86 patients
to dobutamine and exercise stress testing. In
the overall group dobutamine stress induced a
significantly lower peak heart rate, peak blood
pressure, and rate-pressure product than exer-
cise. The augmentation of heart rate with
dobutamine stress was 38 (21) beats/minute
compared with 60 (25) beats/minute with
exercise, and the augmentation of blood pres-
sure was 28 (23) mm Hg compared with 51
(27) mm Hg with exercise. Maximal exercise
stress (defined by attainment of > 85% age
predicted maximal heart rate) was performed
in 63 patients and submaximal stress in 23
patients (27%). In contrast, only 10 patients
developed ischaemia or attained > 85% of
age predicted maximum heart rate with dobu-
tamine (P = 0-02 v exercise).

Thirty five patients completed a maximal
dobutamine protocol-that is, developed
ischaemia or achieved the maximum dose and
were not taking fi adrenoceptor blocking
drugs-and 51 (59%) had a submaximal test
(based on premature termination of the proto-
col or ingestion of fi adrenoceptor blocking
drugs on the day of the test). In patients
undergoing a maximal dobutamine stress the
maximum attained heart rate exceeded that at
submaximal stress (117 (20) v 98 (26)
beats/minute, P < 0 001) but remained less
than that attained with exercise (P = 0 005).
Maximum blood pressures were the same in
patients with maximal and submaximal dobu-
tamine stress (173 (20) v 174 (28) mm Hg)
and were lower than those recorded at exer-
cise stress (P < 0 0001).

ISCHAEMIC ELECTROCARDIOGRAPHIC
RESPONSES WITH DOBUTAMINE AND EXERCISE
Table 2 shows the development of electro-
cardiographic changes or angina, or both
in response to dobutamine or exercise for
various subgroups. Among the 56 patients
with coronary disease, ischaemia (defined by
either angina or ST segment depression) was
identified less frequently during dobutamine
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Table 2 Electrocardiographic responses during maximal (P value) and submaximal
exercise and dobutamine stress testing

Maximal v
All patients Maximal Submaximal submaximal

Exercise
Sensitivity 43/56 (77%) 39/44 (91%) 4/12 (25%) 0-0003
Specificity 13/30 (43%) 4/19 (21%) 9/11 (82%) 0-002
Accuracy 56/86 (65%) 43/63 (68%) 13/23 (57%) NS

Dobutamine
Sensitivity 18/56 (32%) 13/22 (59%) 5/34 (15%) < 0-001
Specificity 19/30 (67%) 7/13 (54%) 12/17 (71%) NS
Accuracy 37/86 (43%) 20/35 (57%) 17/51 (33%) 0-02

Table 3 Frequency of ischaemia (%) evidenced by electrocardiographic changes or
angina, echocardiographic wall motion abnormalities, and regional perfusion defect on
perfusion scintigraphy in patients undergoing maximal and submaximal dobutamine stress
testing

Electrocardiographic Echocardiographic wagl Regional perfusion
changeslangina motion abnormalities defect on scintigraphy

Patients undergoing maximal dobutamine stress (n = 22)
Dobutamine 59 73 76
Exercise 77 77 67
P value NS NS NS

Patients undergoing submaximal dobutamine stress (n = 34)
Dobutamine 15 41 58
Exercise 68 94 79
P value 0-0001 0-0001 0-02

compared with exercise stress (32% v 77%, P
< 0-0001). This difference pertained both to
the 32 patients with multivessel disease (29% v

71%, P < 0 001) and to those with single ves-
sel disease (36% v 73%, P = 0 02).
Among the 22 patients with coronary dis-

ease who underwent maximal dobutamine
stress angina or ST segment changes occurred
with comparable frequency during dobuta-
mine and exercise testing (table 3). In the
remaining patients with coronary stenoses
who underwent submaximal dobutamine
stress, however, ischaemic changes were

significantly less common during dobutamine
than exercise stress (15% v 68%, P < 0 0001)

Table 4 Frequency of ischaemia (%) evidenced by electrocardiographic changes or
angina, echocardiographic wall motion abnonnality, and regional perfiusion defect or
perfusion scintigraphy in patients undergoing maximal and submaximal exercise testing

Electrocardiographic Echocardiographic wall Regional perfusion
changeslangina motion abnormalities defect or scintigraphy

Patients undergoing maximal exercise stress (n = 44)
Dobutanuine 36 59 66
Exercise 89 93 75
P value 0-0001 0-001 NS

Patients undergoing submaximal exercise stress (n = 12)
Dobutamine 15 33 60
Exercise 25 67 67
P value NS NS NS

Table 5 Echocardiographic abnormalities in wall motion during maximal and
submaximal exercise and dobutamine stress testing

Maximal v
Al patients Maximal Submaximal submaximal

Exercise
Sensitivity:

Overall 49/56 (88%) 41/44 (93%) 8/12 (67%) 0 03
Single vessel disease 18/22 (82%) 16/18 (89%) 2/4 (50%) NS
Multivessel disease 31/34 (97%) 25/26 (96%) 6/12 (50%) 0-002

Specificity 24/30 (80%) 15/19 (79%) 9/11 (82%) NS
Accuracy 73/86 (85%) 56/63 (89%) 17/23 (74%) NS

Dobutamine
Sensitivity:

Overall 30/56 (54%) 16/22 (73%) 14/34 (41%) 0-02
Single vessel disease 8/22 (36%) 5/10 (50%) 3/12 (25%) NS
Multivessel disease 22/34 (65%) 11/12 (92%) 11/22 (50%) 0-02

Specificity 25/30 (83%) 12/13 (92%) 13/17 (76%) NS
Accuracy 55/86 (64%) 28/35 (80%) 27/51 (53%) 0 01

(table 3). Similarly, in the 44 patients with
coronary disease who were able to exercise
maximally ischaemic changes occurred more
frequently during exercise than dobutamine
stress (89% v 36%, P < 0-0001), but in those
unable to achieve maximal exercise ischaemia
was rarely induced by either stress (table 4).

DETECTION OF ABNORMAL REGIONAL
FUNCTION DURING DOBUTAMINE AND
EXERCISE
Table 5 shows the frequency of disturbances
of regional function in response to dobuta-
mine and exercise. Of the 56 patients with
coronary stenoses, 30 (54%) had abnormal
wall motion with dobutamine and 49 (88%)
at peak exercise (P = 0-0002 v dobutamine).
The images after exercise were less sensitive
than those at peak stress, detecting 38 patients
(69%, P = 0-004 v peak).

Thirty four patients had multivessel coro-
nary disease, and in this group the sensitivity
of peak exercise imaging also exceeded that of
imaging after exercise (91% v 74%, P =
0 04). Dobutamine echocardiography had a
lower sensitivity in this group than peak exer-
cise (65%, P = 0.02), although 11 of the 12
patients (92%) with multivessel disease
undergoing a maximal dobutamine stress
were identified by dobutamine echocardiogra-
phy (NS v exercise). The ability of each test to
induce ischaemia in the 22 patients with sin-
gle vessel coronary disease was less than that
in patients with multivessel disease, although
this attained significance for only dobutamine
echocardiography (36% v 65%, P = 0 05).
Abnormal function in patients with single ves-
sel disease was induced in 82% at peak exer-
cise and 67% after exercise (NS). Abnormal
wall motion was more frequently detected in
this group at either peak exercise or after exer-
cise at dobutamine echocardiography (36%,
P = 0 01), although this difference was less
obvious in patients with a maximal dobuta-
mine stress (sensitivity 50%, P = 0 08).

Ischaemia was not induced by dobutamine,
despite the presence of coronary disease, in
patients taking fi adrenoreceptor blocking
drugs less than 12 hours before the test and in
those unable to complete the stress protocol.
Of 26 patients with false negative results in
dobutamine echocardiograms, 13 (50%) had
taken a JJ blocker on the day of the test, com-
pared with seven of the 30 with true positive
results (23%, P = 005). Premature termina-
tion of dobutamine stress because of side
effects accounted for 42% of false negative
results in dobutamine echocardiograms (com-
pared with patients achieving peak dose
accounting for 28% of false negative results).
Among patients with significant coronary dis-
ease who underwent submaximal dobutamine
stress (table 3), echocardiographic evidence
of ischaemia was induced less commonly by
dobutamine than exercise (41% v 94%,
P < 0 0001). In contrast, among the 22
patients with coronary disease at maximal
dobutamine stress (table 3) abnormal regional
function was induced in a comparable propor-
tion of studies with dobutamine and exercise
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(73% v 77%). In summary, the overall sensi-
tivity of exercise echocardiography for the
detection of ischaemia exceeded that of sub-
maximal but not maximal dobutamine
echocardiography.
The performance of submaximal exercise

(termination of stress at < 85% age predicted
maximum heart rate in the absence of
ischaemic end points) was associated with a
lower sensitivity of exercise echocardiography
(table 5). Indeed, only in those who exercised
maximally did the sensitivity of exercise
echocardiography exceed that of dobutamine
echocardiography (table 4). The inability of
some patients to achieve maximal heart rates
reflected the recent ingestion of fi blockers in
15 patients (68%), a factor present in only 16
of the 63 patients performing maximal exer-
cise (25%, P < 0 001). Twenty patients with
coronary disease took fi blockers on the day of
the exercise test; of six false negative results
on exercise echocardiography, four (67%)
patients had taken fi blockers, compared with
17 of the 50 patients with true positive results
(34%, NS).

PERFUSION HETEROGENEITY WITH
DOBUTAMINE AND EXERCISE
Table 6 summarises the relative abilities of
dobutamine and exercise stress to induce per-
fusion heterogeneity. Regional perfusion
defects were apparent in comparable propor-
tions of patients who underwent scintigraphy
after dobutamine and exercise stress (65% v
73%, NS). The sensitivity of exercise perfu-
sion imaging among 34 patients with multi-
vessel coronary disease (79%) was
comparable with the results of dobutamine
perfusion imaging (65%, NS). Of the 22
patients with single vessel coronary disease,
exercise perfusion imaging identified 14
(67%), and dobutamine scintigraphy identi-
fied 15 (68%, NS). The results of maximal
and submaximal dobutamine testing were
comparable in patients with multivessel and
single vessel disease (table 6).

Patients with coronary disease undergoing
submaximal dobutamine stress were less likely
to have perfusion defects than those complet-
ing a maximal stress (58% v 76%, NS), but
this difference was less prominent than that
with echocardiography. Similarly, 67% of 12
patients with coronary disease who exercised
submaximally showed perfusion defects com-

Table 6 Perfusion abnormalities on scintigraphy during maximal and submaximal
exercise and dobutamine stress testing

Maximal v
All patients Maximal Submaximal submaximal

Exercise
Sensitivity:

Overall 41/56 (73%) 33/44 (75%) 8/12 (67%) NS
Single vessel disease 14/22 (67%) 12/18 (67%) 2/4 (50%) NS
Multivessel disease 27/34 (79%) 21/26 (81%) 6/8 (75%) NS

Specificity 21/30 (70%) 13/19 (68%) 8/11 (73%) NS
Accuracy 62/86 (72%) 57/63 (90%) 16/23 (70%) 0-02

Dobutamine
Sensitivity:

Overall 35/54 (65%) 16/21 (73%) 19/33 (58%) NS
Single vessel disease 15/22 (68%) 8/10 (80%) 7/12 (58%) NS
Multivessel disease 20/32 (65%) 8/11 (73%) 12/21 (57%) NS

Specificity 19/28 (68%) 7/11 (64%) 12/17 (71%) NS
Accuracy 54/82 (66%) 23/32 (72%) 29/50 (58%) NS

pared with 75% of the 44 who exercised max-
imally (NS). Indeed, only in the group under-
going submaximal dobutamine stress (table 3)
was exercise significantly more sensitive than
dobutamine stress perfusion imaging (79% v
58%, P = 0-02).

EXTENT OF ISCHAEMIA AT DOBUTAMINE AND
EXERCISE TESTING
Stress induced abnormalities in wall motion
were apparent at both dobutamine and exer-
cise stress testing in 28 patients with coronary
disease. Even when both tests gave true posi-
tive results, the extent of wall motion abnor-
mality at exercise (34% (18%) of left
ventricular segments) exceeded the extent
demonstrated as ischaemic using dobutamine
echocardiography (15% (8%), P < 0.0001).
Stress induced perfusion defects in the pres-
ence of coronary disease were present after
both dobutamine and exercise stress in 33
patients. In this circumstance, the extent of
perfusion defects at exercise (29% (12%) of
left ventricular segments) exceeded the extent
of defects using dobutamine stress (22%
(1 1%), P = 0.02).
Dobutamine testing was also ineffective at

identifying multivessel disease. At dobuta-
mine echocardiography 22 patients with multi-
vessel disease were identified as having
coronary disease, but none was recognised as
having stenoses in more than one vessel. In
contrast, exercise identified 18 of 31 such
patients (58%, P < 0-0001) as having multi-
vessel disease. Likewise, only four out of 20
patients (20%) identified as having coronary
disease by dobutamine scintigraphy were
recognised as having multivessel disease,
compared with 15 out of 27 by exercise
scintigraphy (56%, P = 0.02).

SPECIFICITY AND ACCURACY OF DOBUTAMINE
AND EXERCISE STRESSES
No significant coronary stenoses were present
in 30 patients. The specificity of electrocar-
diographic features of ischaemia with dobuta-
mine and exercise were respectively 67% and
43% (NS). Normal results in echocardio-
grams on dobutamine testing were obtained
in 25 (83%) patients; normal results in peak
exercise studies in 24 (80%), and normal
results in images after exercise in 26 (86%).
The specificity of echocardiography with max-
imal dobutamine stress (92% of 13 patients)
and submaximal stress (76% of 17 patients)
were comparable. As in the case of dobuta-
mine stress, the level of exercise had no effect
on the specificity of echocardiography, which
was 79% in the 19 patients without disease
who exercised maximally and 82% in the 11
who exercised submaximally. Similarly, at
scintigraphy 21 (70%) patients had normal
results in exercise scans, and 19 out of 28
(68%) had normal findings at dobutamine
stress perfusion imaging. None of these find-
ings differed significantly.
The accuracy of dobutamine stress electro-

cardiography (43%) was significantly less than
that of exercise electrocardiography (65%,
P = 0 0001). The accuracies of peak exercise
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(85%) and postexercise echocardio-
graphy (74%) were comparable (NS), and
the accuracy of peak exercise exceeded that of
dobutamine echocardiography at all con-
centrations (64%, P < 0 0001), but not
maximal dobutamine studies (80%). The
accuracy of scintigraphy with exercise (72%)
and dobutamine (66%) were comparable.

FEASIBILITY OF DOBUTAMINE AND EXERCISE
ECHOCARDIOGRAPHY
Stress echocardiography performed with
dobutamine provided higher quality images
than did exercise echocardiography. Of the 86
dobutamine echocardiograms, 20 were of A
quality, 53 of B quality, 11 of C quality, and
two ofD quality compared with three, 46, 29,
and eight exercise echocardiograms respec-
tively. Thus 73 dobutamine echocardiograms
were of excellent or good quality (85%) com-
pared with 49 exercise echocardiograms
(57%, P < 0 001).
The converse relation applied to diagnostic

certainty, which was greatest with exercise
echocardiography. Fifteen of the 86 dobuta-
mine echocardiograms (17%) were inter-
preted with a high level of confidence,
compared with 32 exercise studies (37%, P =
0 004). Moderate diagnostic confidence was
attained in 47 dobutamine and 31 exercise
echocardiograms, and low levels of diagnostic
certainty were present in 24 dobutamine and
23 exercise echocardiograms.
The influence of image digitisation on

accuracy was investigated by separate com-
parison of video tape and digitised images.
Digital processing enhanced the accuracy of
both dobutamine and exercise echocardio-
grams (64% and 85%), compared with inter-
pretation from video tape (55% and 77%
respectively). This benefit occurred mainly
through a small improvement in sensitivity,
both for dobutamine and exercise studies, at
comparable levels of specificity.

Discussion
The accuracy of dobutamine echocardiogra-
phy, together with its ease of performance, has
led to enthusiasm for its general use rather
than just in patients unable to exercise. Such a
step mandates a direct comparison between
the respective abilities of exercise and dobuta-
mine echocardiography to induce ischaemia.
Two important points arise in relation to this.
Firstly, as the nature of the study group influ-
ences the results, the tests should be com-
pared in the same population, under as close
as possible to the same conditions. Secondly,
because the influence of extraneous factors
(such as drug treatment and submaximal test-
ing) on the results may not be apparent in a
selected study population, the appropriate
environment for such a comparison is routine
clinical practice. Indeed, our results indicate
that the phenomena causing a submaximal
dobutamine test are more common in routine
clinical practice than in a controlled, study
environment, being present in over 50% of
patients.

ACCURACY OF DOBUTAMINE AND EXERCISE
STRESS TESTING
Exercise electrocardiography is the corner-
stone of stress testing, and the accuracy
reported in recent meta-analyses2 is similar to
our results. Dobutamine stress is a poor
provocative test for the induction of electro-
cardiographic changes, and the dobutamine
electrocardiogram is too insensitive to be
used without imaging.20 The accuracy of
dobutamine stress electrocardiography in
our study is comparable to that reported
previously.21

Exercise echocardiography before and after
treadmill testing is now an established tech-
nique for the diagnosis of coronary disease;
evidence from large studies show a sensitivity
of 78-88% and a specificity of 80-100%."1-'4
Though fewer data are available for exercising
upright on a bicycle,'5 16 they suggest greater
sensitivity (87-91%) with lower specificity
(78-80%) and are concordant with our
results. Abnormal regional function may
resolve early after exercise, so imaging at peak
exercise may identify ischaemia more readily
than after exercise.22 This is the most likely
explanation of the greater sensitivity of bicycle
echocardiography. The lower specificity of
peak imaging may reflect suboptimal image
quality and artefacts introduced by a moving
body and heart. Independent of the nature of
exercise, sensitivity reflects the nature of the
population studied, with larger numbers of
patients with previous myocardial infarction
and multivessel coronary disease tending to
increase the sensitivity,12 and patients with
moderate stenoses and submaximal exercise
capacity tending to reduce the sensitivity
of post-treadmill echocardiography.14 The
adverse influence of submaximal exercise on
the sensitivity of bicycle echocardiography
was confirmed in our study.
The nature of the study group has similarly

proved important to the results of dobutamine
echocardiography, the sensitivity of which has
ranged from 54% to 66% and the specificity
from 96% to 100%; these results encompass
those of our study. In addition to the factors
causing variability in the accuracy of exercise
echocardiography, the greater heterogeneity
of results from dobutamine echocardiography
testifies to other potential extraneous influ-
ences. The frequency of side effects requiring
test termination has varied from 3% to 20%,
reflecting both different study populations as
well as different criteria for stopping the
test.4823 Ischaemia is less likely in tests com-
pleted at a lower dose than in those in which
high doses are attained.'02' The exclusion of
patients undergoing submaximal stress in
some previous studies5 may explain some of
the higher levels of sensitivity previously
recorded. The influence of ,6 adrenoceptor
blockade on the results of dobutamine
echocardiography in previous studies may
have been attenuated by higher prevalence of
coronary disease in patients treated with these
drugs,6 as well as failure to address the timing
of the dose before the test (and hence the
extent of f, blockade). Submaximal testing
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(due either to ,B blockade or termination of the
test at low dose) has been shown in this study
to reduce the ischaemic potential of dobuta-
mine stress.
The results of myocardial perfusion scintig-

raphy at dobutamine stress910 parallel those
reported using exercise,24 a finding supported
by our results. The performance of submaxi-
mal exercise limits the sensitivity of thallium
imaging,25 but the size of the submaximal
stress group was too small to repeat this analy-
sis with perfusion imaging. While exercise and
dobutamine stress have not been compared in
the same patients, previous direct compari
sons of exercise and non-exercise (dipyri-
damole) perfusion imaging have provided
comparable results.26

PREVIOUS DIRECT COMPARISONS OF THE
ISCHAEMIC POTENTIAL OF DOBUTAMINE AND
EXERCISE STRESS
Few data comparing dobutamine with exer-
cise testing in the same patients are available.
In a previous direct comparison of electrocar-
diographic results, Mazieka--et al found that
dobutamine electrocardiography was less sen-
sitive than exercise echocardiography (47% v
72%, NS).2' Two previous studies have
directly compared the ability of exercise per-
formed in the supine position and dobuta-
mine to provoke abnormal left ventricular
function in the same patients. Hoffman et al
found comparable levels of sensitivity (respec-
tively 80% and 79%) and specificity (respec-
tively 87% and 81%) with exercise and
dobutamine.27 They, however, discontinued
treatment for 24 hours in all patients, none of
whom had suboptimal studies. Cohen et al
reported a sensitivity of76% with exercise and
86% with dobutamine echocardiography,
again using supine bicycle stress testing in
patients who were not receiving treatmnent.28
Our results are concordant with these studies
to the extent that the results ofmaximal dobu-
tamine and exercise echocardiography were
comparable. Our results also emphasise, how-
ever, the importance of clinical factors, which
are often not apparent under the supervised
environment of a study, though they may
compromise the clinical sensitivity of either
test, particularly dobutamine echocardiogra-
phy.

ABIL=Y OF EXERCISE AND DOBUTAMINE
STRESSES TO EVALUATE EXITENT OF CORONARY
DISEASE
In addition to diagnosing coronary artery dis-
ease, non-invasive tests may be used to assess
the functional extent of ischaemia. In our
study dobutamine stress was ineffective for
this purpose, underestimating the extent of
ischaemia (and to a lesser extent, perfusion
abnormality) shown in exercise stress testing.
Although the recognition of multivessel dis-
ease in patients with positive tests is problem-
atic for all stress imaging strategies (because
stress may be limited by ischaemia in one area
before it becomes apparent in another), this
was a particular shortcoming of dobutamine
stress in combination with both echo-

cardiography and scintigraphy. Finally, elec-
trocardiographic changes with stress that
reflect the severity of coronary disease are of
prognostic value29 and occur significantly less
often with dobutamine than with exercise
stress testing.

CLINICAL IMPLICATIONS-WHICH IS THE
OTriMAL STRESS IN ACTIVE PATIENTS?
Our results indicate that exercise imposes a
greater workload on the heart than dobuta-
mine stress. Exercise is therefore a more
potent precipitant of ischaemia than dobuta-
mine, while this difference is less prominent
for perfusion heterogeneity. In patients who
are able to exercise maximally this translates
into greater sensitivity for exercise than
dobutamine electrocardiography and echocar-
diography. Although the ability of any
technique to identify ischaemia is compro-
mised by submaximal stress, this occurred
more frequently with dobutamine testing,
which was also more vulnerable to this effect
than exercise. Thus, patients undergoing
dobutamine echocardiography are likely to
have results comparable with those they
would have with exercise only if they undergo
maximal dobutamine stress. Indeed, even in
those patients with concordant positive
results, the number of abnormal segments at
either echocardiography or scintigraphy was
larger after exercise than dobutamine stress,
suggesting a greater extent of ischaemia.
Moreover, while dobutamine echocardiogra-
phy offers benefits in terms of imaging perfor-
mance and quality, this is balanced by greater
difficulty in interpretation because of more
localised and milder abnormalities in wall
motion.
The selection of dobutamine stress has the

obvious disadvantage of not obtaining data on
exercise capacity in patients who can exercise.
The dobutamine protocol cannot offer infor-
mation about exercise capacity and the
haemodynamic response to stress, which have
prognostic significance. In clinical terms the
development of ischaemia at peak doses of
dobutamine is less meaningful clinically than
development of ischaemia at a workload
which can be equated to the work expenditure
required for daily activities.

CONCLUSIONS
Our results suggest that earlier reports of high
sensitivity using dobutamine echocardiogra-
phy are difficult to replicate in routine clinical
practice because the dobutamine test is more
vulnerable to extrinsic influences than is exer-
cise stress. There is no good reason to replace
exercise with dobutamine stress testing in
patients who can exercise maximally. When
dobutamine echocardiography is selected in
preference to exercise echocardiography in
routine clinical practice patients should stop
angina treatment and every effort should be
made to complete the dobutamine protocol.
Results showing no inducible ischaemia in
patients who have not completed the protocol
should be identified as non-diagnostic rather
than negative.
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