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Introduction
Dobutamine stress echocardiography (DSE) is being
increasingly used to predict the presence of coronary
artery disease[1–3], for risk stratification after myocardial
infarction[4] and before major surgery[5]. A significant
amount of echo-laboratory time is required for a single
test, limiting its use as a routine examination. It can
also be unpleasant for the patient and, while generally
regarded as extremely safe, a number of adverse events
have been reported[6]. Patient tolerance and side-effects
are related to the drugs used (dobutamine and/or
atropine) and to test duration.

The protocol most laboratories use today involves
four stages of increasing dobutamine dosages up to a
dose of 40 �g/kg/min, at which stage, if target heart rate
(HR) is not reached, 0·25 mg doses of atropine are given
at 1 min intervals[3,6–9]. Many laboratories give early
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atropine empirically in patients with a blunted heart HR
response. One randomized study[10] has examined early
atropine use; however, this study required a target HR
of only 100 beats per min, much lower than the more
widely accepted 85% of maximum expected HR for age
(peak HR). Since atropine use has potential adverse
effects, including arrhythmia, the advantages of early
versus regular atropine use need to be evaluated.

We hypothesized that early atropine use would
shorten test time, decrease total dobutamine dose, and
increase the percentage of patients who would achieve
peak HR. We therefore performed a prospective, ran-
domized controlled trial of the early use of atropine,
according to an algorithm based on our previous experi-
ence, versus the conventional protocol in 270 consecu-
tive patients. We also designed a multivariate model to
detect: (i) which parameters determine the need for
atropine; (ii) in which patients early atropine is benefi-
cial; and (iii) at which stage of the test the need for
atropine can be predicted.
Aims: Dobutamine stress echocardiography is a time-
consuming test, often requiring atropine at the end of the
protocol to achieve target heart rate (HR). We examined
whether earlier administration of atropine in appropriate
patients would shorten test time and increase the likelihood
of achieving peak HR.

Methods: Two hundred and seventy consecutive patients
were randomized prospectively to conventional or early
atropine protocols. Of these, 120 patients with an inad-
equate HR response [mid-30 �g/kg/min HR<100 (age <50)
or <90 (age >50); or mid-40 �g/kg/min stage HR<120 (age
<50) or <110 (age >50)] were included in the analysis. The
remaining patients were used in a model to define which
patients are likely to require atropine.

Results: The 61 patients receiving early-atropine had
decreased test-time relative to the 59 not receiving early-
atropine (17:05 vs. 18:24 min:sec, P=0·014) accompanied
by a 10% reduction in total dobutamine dose (P=0·008).
Their HR at end of 40 �g/kg/min was 123�18 vs. 105�17
respectively, P<0·0001. Only 7% of the early-atropine
group failed to reach target HR vs. 15% not receiving
early-atropine. By multivariate analysis, age (P<0·0001),
HR at end of 30 �g/kg/min stage (P<0·0001), �-blocker use
(P=0·009) and baseline HR (P=0·04) were predictors of
need for atropine.

Conclusion: Giving atropine early in appropriate patients
can reduce test times without an increase in side effects. Our
model enables accurate prediction of these patients.
(Eur J Echocardiography 2000; 1: 257–262)
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Methods
Patients

Two hundred and seventy consecutive patients, who
were referred to our laboratory for DSE, were random-
ized either to an early atropine or to a regular protocol,
as outlined in Figure 1. Randomization was alternated
every 10 patients, such that the first 10 patients were
assigned to early atropine and the next 10 to the regular
protocol, etc. To avoid possible bias, the last 10 were
also assigned to early atropine.
DSE Protocol (Fig. 2)

The regular protocol consisted of four 3-min stages of
increasing dobutamine dosage, from 10 to 40 �g/kg/min.
At the end of the final stage, if target heart rate had not
been achieved, 0·25 mg boluses of atropine were given a
1-min intervals, up to a maximum of 1 mg.

Patients assigned to early atropine were given 0·25 mg
atropine at each of the mid-30 �g/kg/min and/or mid-
40 �g/kg/min stages, according to the criteria outlined in
Figure 2. This algorithm was based on prior experience
at our laboratory and was designed to cause no signifi-
cant change from the regular protocol and to allow
adequate time for patient monitoring before images are
recorded.

Time was taken from the moment the dobutamine
infusion was begun till the moment it was stopped. The
infusion was stopped only after target HR was reached
and recording of peak-dose images completed as well, or
after another end-point had occurred. At the end of each
stage, recording had to be completed before the dose
was increased, causing many stages to be longer than
3 min. Heart rate was recorded at 1·5 min and at 3 min
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into each stage and every minute after reaching the end
of the 40 �g/kg/min stage. Blood pressure was recorded
towards the end of each stage. Patients were specifically
questioned at the end of the test concerning any adverse
reactions. The total dose of dobutamine given to each
patient was calculated.
Prediction of the Need of Atropine

The following parameters were included in a model to
predict the need for atropine at the end of the 40 �g/kg/
min stage: age, gender, �-blocker use and HR at rest and
at 1·5 min intervals up to the end of the 30 �g/kg/min
stage. Calcium antagonist use was not entered in the
model, since it was found to have no effect on the
achievement of peak HR.
Optimal Timing of Early Atropine
Administration

We examined at what stage of the test the need for
atropine could be most accurately predicted. This was
performed by defining the optimal threshold of the
variable, ‘present HR minus expected peak HR’, at each
stage of the test. The optimal threshold was defined as
the value having the highest accuracy in predicting the
need for atropine, where accuracy was defined as (true
positives+true negatives)/total.
Statistical Analysis

The Student’s t-test was used to compare total test time
and the Chi-squared test to compare the number of
patients reaching peak HR, in the early atropine group
versus the regular protocol group. Comparisons were
performed in two ways: for all randomized patients and
only for those patients who had a blunted HR response
according to the above algorithm. Multivariate regres-
sion analysis was then applied to the parameters in the
model described above, with ‘HR at 40 �g/kg/min minus
expected peak HR’ as the dependent parameter.
Results
Total – 270

Regular – 130 Early atropine – 140
(three excluded)

Protocol

Randomization

Blunted HRR*

Early atropine
used

59

0

Group name

Abbreviation

Regular
protocol

RP

61

61

Early
atropine

EA

71

0

Normal HR response

Normal HRR

76

0

Yes No

* Patients who did not reach either mid-30 µg/kg/min
HR of 100 (age < 50) or 90 (age > 50) or mid-40 µg/kg/min
stage HR of 120 (age < 50) or 110 (age > 50).  These
make up the "study group", i.e. are eligible for the EA
protocol.

Figure 1. Patient randomization. Abbreviations:
EA=early atropine, HRR=heart rate response,
RP=regular protocol.
Patients (Fig. 1 and Table 1)

Two hundred and seventy patients were randomized,
140 to early atropine and 130 to regular atropine. Three
patients were excluded due to protocol violations, all in
the early atropine group, leaving 137 patients in this
group. Groups were similar with respect to baseline
variables, except for a slightly younger age in the early
atropine group. Sixty-one patients (45%) in the early
atropine group had blunted HR response and received
atropine at either the 30 and/or the 40 �g/kg/min stage,
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while 59 patients (45%) had blunted HR response and
met the criteria for early atropine in the regular protocol
group. The remaining 147 patients had a normal HR
response (normal HRR group).
Test Time

When looking specifically at the patients with blunted
HR response, test time was reduced from 18�24��3�10�
in the regular protocol group to 17�05��2�35� in the
early atropine group (P=0·014). For all randomized
patients, irrespective of HR response, test time was
reduced from 16�15��4�12� to 15�26��4�00�, respect-
ively (P=0·099). Since there was a possibility of bias
when including patients whose tests were stopped early,
before achieving peak expected HR, analysis was re-
peated after excluding these patients, with basically
identical results and a P-value of P=0·006 for the
blunted HR response patients. For the patients with
normal HR response there was no difference in test time
between the patients randomized to early atropine or to
the regular protocol (14�29��4�07� vs. 14�06��4�26�,
respectively). It is notable that patients with blunted HR
response, eligible for early atropine according to our
algorithm, had 4 min longer test time, of which about
1·5 min were ‘saved’ by early use of atropine.
Total Dobutamine Dose

The total dose of dobutamine infused per patient was
reduced by 10% in the early atropine group compared
to the regular protocol group (455�89 �g/kg vs.
504�112 �g/kg, P=0·008).
Heart Rate Response

The relative rise in HR over time is illustrated in Figure
3, which shows a clear separation between the normal
HRR group and the blunted HRR groups. This separ-
ation is evident at rest and becomes more pronounced
over time. The early atropine group begins to separate
from the control group at the end of the 30 �g/kg/min
stage and approaches the normal HRR curve at the end
of the 40 �g/kg/min stage. HR at the end of 40 �g/kg/
min was 123�18 for the early atropine group vs.
105�17 for the control group (P<0·0001), and maxi-
mum HR 142�14 vs. 136�17 (respectively (P=0·056).
Adverse Effects

The distribution of adverse effects is shown in Table 2.
There was no difference in the total number of adverse
effects, though the early atropine group has a higher
incidence of dizziness and dry mouth, while the control
group has more arrhythmia (9% vs. 0%).

The test was stopped early due to adverse effects of
drug-intolerance in only 7% of the early atropine group
vs. 15% in control patients (P=0·13 by Chi-squared, see
Table 3). The total amount of atropine was greater in
the early atropine group than in the control group
(0·59�0·25 mg vs. 0·46�0·46 mg, P=0·02).
10 µg/kg/min

20 µg/kg/min

30 µg/kg/min

40 µg/kg/min

40 µg/kg/min

1·5 min

1·5 min

3 min

Dobutamine Atropine

0·25 mg

0·25 mg

0·25 mg

Early atropine group*

0·25 mg@ 1 min intervals
maximum 1 mg

*Age < 50, hr < 100
or Age > 50, hr < 90
*Age < 50, hr < 120
or Age > 50, hr < 110

All patients < 85%
of maximum hr

Figure 2. Early atropine protocol algorithm. See text for details.
Table 1. Baseline variables.

Group Early atropine
(n=61)

Regular atropine
(n=59) P-value

Age (years) 56�14 59�12 0·05
Males 63% 57% ns
�-blocker use 33% 42% 0·13
Ca-antagonist use 26% 27% ns
Nitrate use 21% 17% ns
Resting HR 71�12 70�12 ns
Resting mean BP 98�12 97�13 ns

BP=blood pressure in mmHg, HR=heart rate in beats per min,
ns=non-significant.
Prediction of Need for Atropine

Data from the 206 patients who did not receive early
atropine were analyzed to develop an algorithm to
Eur J Echocardiography, Vol. 1, issue 4, December 2000
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Figure 3. Heart rate response during the dobutamine test for the
three groups: EA group, RP group and normal HRR group. ( )
Regular atropine; ( ) early atropine; (�) normal HRR.
Table 2. Adverse effects.

Group
Adverse-effects

Normal HRR
(n=147)

Early atropine
(n=61)

Regular
protocol
(n=59)

Dyspnoea 18 (12·2%) 12 (19·7%) 7 (11·9%)
Tiredness 14 (9·5%) 8 (13·1%) 6 (10·2%)
Dizziness 14 (9·5%) 10 (16·4%) 2 (3·4%)
Headache 16 (10·9%) 8 (13·1%) 12 (20·3%)
Nausea 20 (13·6%) 6 (9·8%) 8 (13·6%)
Shivering 2 (1·4%) 3 (4·9%) 5 (8·5%)
Feeling hot 6 (4·1%) 2 (3·3%) 1 (1·7%)
Bladder pressure 1 (0·7%) 0 0
Itch 0 1 (1·6%) 0
Dry mouth 0 2 (3·3%) 0
Cough 1 (0·7%) 0 1 (1·7%)
Sweating 3 (2·0%) 0 0
Hypotension 0 3 (4·9%) 2 (3·4%)
Bradycardia 0 0 1 (1·7%)
SVT 1 (0·7%) 0 1 (1·7%)
NSVT 3 (2·0%) 0 0
VT 0 0 3 (5·1%)
Widening of QRS 0 0 1 (1·7%)
Number of A/E 99 55 50
Patients with A/E 76 (51·7%) 35 (57·4%) 35 (59·3%)

A/E=adverse events, HRR=heart rate response, NSVT=non-
sustained VT, SVT=supra-ventricular tachycardia, VT=sustained
VT.
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Table 3. Reasons for tests being stopped prior to maxi-
mum heart rate.

Group Normal HRR
(n=147)

Early atropine
(n=61)

Regular
protocol
(n=59)

Maximum dose 0 4 4
Chest pain 9 1 5
Hypotension 2 3 3
Bradycardia 0 0 2
Arrhythmia 1 0 1
Intolerance 8 2 4
Very positive echo 4 1 1
ECG changes 0 0 1
Reason unclear 2 1 2
No. patients* 22 9 15

*Refers to patients who stopped early, not including the three
previous rows.
Abbreviations: HRR=heart rate response.
predict which patients require atropine at the end of the
40 �g/kg/min stage. By univariate analysis, age, sex, and
use of �-blockers, HR at rest and at each stage during
the test were related to the expected minus actual HR at
40 �g/kg/min. A multivariate model found age and HR
at the end of the 30 �g/kg/min stage to be the strongest
predictors (P<0·0001), while �-blocker use (P=0·009)
and resting HR (P=0·04) were also independent predic-
tors. We found that a single variable — ‘expected peak
HR minus HR at the end of the 30 �g/kg/min
stage’ — had a predictive power practically equal to
the combination of these four parameters, with a
correlation, r=0·84.

Figure 4 shows early atropine to be especially effective
in the group on �-blockers compared to those not on
�-blockers. Despite the fact that the early atropine
patients taking �-blockers had a more blunted HR
response (natural bias for being in the early atropine
group), they quickly overtook the regular atropine
group (which in this graph includes combination of
normal and blunted HR response patients).
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Optimal Timing of Early Atropine
Administration

Table 4 shows the optimal thresholds of the variable
‘present HR minus expected peak HR’, in the critical
stages of the test for deciding whether to administrate
early atropine. Results shows a gradual increase in
accuracy, from the end of stage 2 to the end of stage 3,
associated predominantly with a significant increase in
specificity from 37% to 67%, while sensitivity is good at
all stages.
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Figure 4. Differences in heart rate in four groups of patients: (i)
no �-blockers, no early atropine ( ); (ii) no �-blockers with early
atropine ( ); (iii) �-blockers, no early atropine (�); (iv)
�-blockers, with early atropine ( ).
Table 4. Accuracy of prediction of need for atropine.

Stage Maximum
accuracy Sensitivity Specificity Optimal

threshold
Correlation
coefficient

End stage 2 76% 84% 37% �20 0·60
Mid-stage 3 82% 97% 47% �10 0·73
End stage 3 87% 95% 67% �8 0·84

Note: Stage 2 refers to the 20 �g/kg/min dose stage, stage 3 refers to the 30 �g/kg/min dose stage.
The optimal threshold in column 5 refers to the threshold of the variable ‘present HR minus
expected peak HR’. The correlation coefficient refers to the correlation between ‘HR at 40 �g/kg/
min minus expected peak HR’ and ‘present HR minus expected peak HR’.
Discussion

DSE is being increasingly used in a large subset of
cardiac patients, to assess presence of coronary artery
disease, prognosis, viability, restenosis and operative
risk. Since HR response is often inadequate, especially in
patients receiving �-blockers[8,11], examinations often
become drawn out, requiring large doses of dobutamine
and atropine. We tested whether giving atropine earlier
in the test could reduce test time and dobutamine dose
and increase the percentage of patients reaching target
HR. Our results indeed indicate that a mean of 1·5 min
per test can be saved using the protocol described above,
without an increase in side-effects and maybe even
reduce the number of tests which are stopped prema-
turely. This is accompanied by a 10% reduction in
total dobutamine dose. While the amount of time saved
may appear modest, optimization of the protocol using
information from our analysis is expected to further
improve the time saved. Also, patients receiving high
doses of dobutamine are often very uncomfortable and
prone to arrhythmias, so even a couple of minutes,
translating into 10% less dobutamine, can become very
significant.

It is interesting to note that the early group received
on average more atropine than the control group, yet no
arrhythmia was reported, compared to 9% in the control
group. This suggests that dobutamine itself may be more
arrhythmogenic than atropine, a matter which may be
worth examining in a larger study. Lewandowski
et al.[10] found a similar decrease in test time without an
Eur J Echocardiography, Vol. 1, issue 4, December 2000
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increase in adverse effects; however, in their study
an excess of 0·36 mg atropine was given in the early
group.

The rate of increase in heart rate was almost double in
the early atropine group (mean increase of 38 beats per
min), compared to the regular protocol group (20 beats
per min), from the mid-30 �g/kg/min dose to end of
40 �g/kg/min dose (Fig. 3). This increase in heart rate
was, however, quite smooth over a period of about
5 min and was not associated with excessive blood
pressure elevation or serious side-effects.

Use of our model to predict, at the end of the
30 �g/kg/min stage, which patients would not achieve
target HR by the end of the 40 �g/kg/min stage allows
identification of these patients by a very simple algor-
ithm. For example, failure to reach ‘target HR minus 8’
identifies 95% of patient who will require atropine by the
regular protocol. We therefore propose an ‘improved
algorithm’: giving early atropine at the end of the
30 �g/kg/min stage to patients with a HR less than
‘target HR minus 8’. A further 0·25 mg may be given at
1–1·5 min into the stage, when necessary. Decreasing the
threshold for early atropine administration to ‘target
HR minus 14’ improves specificity from 67% to 80% at
the cost of a slightly reduced sensitivity of 87%. Using
these optimized criteria for deciding on early atropine
use [i.e. HR at 30 �g/kg/min<(target hr�8)] improves
the positive predictive value from 76%, (using our orig-
inal algorithm) to at least 86%, with respect to atropine
requirement by the conventional protocol.

To the best of our knowledge there is only one
published study that predicted the need for atropine in
DSE. Hepner et al. retrospectively analyzed the heart
rate responses in 130 patients undergoing dobutamine
stress echocardiography[12]. They revealed that a heart
rate of 70 beats/min at 20 �g/kg/min predicted the even-
tual need for atropine in 71% of patients; however, their
end-point was set at 100 beats/min. Our analysis shows
that attempting to predict the need for atropine during
stage 2, as suggested by this group, would entail giving
many patients atropine unnecessarily, since specificity is
poor at this stage (Table 4).

The present study has some limitations:

v The test time, as calculated, includes only the
period that dobutamine was administered and
does not include recovery time, which may be
significant. The reasons for this omission were the
subjective nature of defining the end of the recov-
ery period, the difficulty to control for post-test
�-blocker administration, and its lesser signifi-
cance, since in many laboratories the patient is
moved to a special recovery room.
v The effect of early atropine on test accuracy was
not examined, since it was out of the scope of the
study protocol.
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In summary, this prospective randomized trial has
shown that the earlier use of atropine during DSE
may be advantageous, and suggests a simple algorithm
to decide for which patients this approach would be
optimal.
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