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Abstract
Background: Dobutamine stress echocardiography (DSE) using the conventional protocol (CP-DSE) may lead to 
important adverse effects. 

Objective: This study was aimed at assessing the safety of DSE using a modified protocol (MP-DSE).

Methods: Data were collected from our institutional database to compare MP-DSE with the CP-DSE. In the CP-DSE, 
atropine could be administered during the fourth stage or its extension. In the MP-DSE, atropine was initiated at the 
beginning of the third stage, and there was no stage extension. Upon completion of DSE or for arrhythmia control, 
metoprolol was administered in the CP-DSE and esmolol in the MP-DSE. In cases of typical angina, nitroglycerin was 
administered at the examiner’s discretion in the CP-DSE, whereas its use was predetermined in the MP-DSE. A p-value 
< 0.05 was considered statistically significant.

Results: Of 17,811 tests performed, 9,121 were conducted using the MP-DSE. During DSE, myocardial oxygen 
consumption, represented by the rate-pressure product, was significantly higher in the MP-DSE group (22,530 ± 4,575 
vs 23,037 ± 4,072 bpm.mmHg; p < 0.001). Hypertensive peak (1% vs 0.4%; p = 0.0001) and nonsustained ventricular 
tachycardia (0.6% vs 0.1%; p = 0.0001) were more frequent in the CP-DSE, while supraventricular tachyarrhythmia 
(2.1% vs 3.78%; p = 0.0001) and atrial fibrillation (0.8% vs 1.3%; p = 0.003) were more common in the MP-DSE. These 
arrhythmias resolved spontaneously or with medication. In the CP-DSE, two patients had ventricular fibrillation and one, 
acute coronary syndrome.

Conclusion: In our study, the modified protocol for DSE proved to be a safe option, with no severe adverse effects 
observed, despite the presence of an elevated rate-pressure product.
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Introduction
Dobutamine stress echocardiography (DSE) protocols have 

traditionally involved exposure to large doses of dobutamine 
and a significant incidence of adverse effects. However, the 
development of newer  protocols for this diagnostic method 
has progressively reduced these risks.1-6 

The addition of atropine to DSE protocols at an earlier stage has 
enhanced the test’s sensitivity without compromising its specificity 
and safety. As a result, current guidelines limit  the maximum dose 
of dobutamine and atropine is initiated before or even during the 
last stage of dobutamine infusion.6,7

The intravenous administration of an ultra-short-acting 
beta-blocker at the end of the DSE is essential for controlling 

heart rate (HR), arrhythmias and myocardial ischemia, and 
may even enhance the accuracy of the test.2,3-8 However, the 
literature does not indicate a preference between esmolol 
and metoprolol. Ischemia occurring during DSE might require 
the use of coronary vasodilator, administered either orally or 
intravenously, although current guidelines do not specify the 
drug formulation or route of administration.3-6 

Reports of adverse effects associated with DSE have 
been essential to establish contraindications to the test, 
emphasizing its higher risk compared to echocardiography 
with other stressors, such as exercise, dipyridamole, 
or adenosine.9-11 Thus, ongoing monitoring and the 
development of new protocols are necessary to minimize 
complications, particularly considering that dobutamine is 
the most widely available pharmacologic agent for stress 
echocardiography. Therefore, this study aimed at assessing 
the safety of DSE by applying a modified protocol to a large, 
unselected population.

Methods
This retrospective study compared the conventional 

protocol for DSE (CP-DSE) with a modified protocol (MP-DSE), 
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Central Illustration: Safety of dobutamine stress echocardiography using a modified protocol in a large 
unselected population Imagem
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Article main message

This modified protocol for dobutamine stress echocardiography is a safe option.

Higher rate-pressure product was observed with the modified protocol for dobutamine 
stress echocardiography.

The ultra-short action of esmolol favors the control of arrhythmias and ischemia.

Intravenous nitroglycerine is effective to control ischemia and its complications.

using data collected from our institutional database about 
patients referred for DSE to assess myocardial ischemia with 
an adequate echocardiographic window. Patients submitted 
to the CP-DSE, constituting the CP-DSE group, were enrolled 
between 1997 and 2007, and those who underwent MP-DSE, 
constituting the MP-DSE group, were enrolled between 2008 
and 2021.

Patient demographic data, coronary artery disease risk 
factors and history of myocardial revascularization were 
assessed through medical history, clinical evaluation and 
laboratory tests. All patients were informed about the 
objectives and potential risks of DSE and provided consent 
to undergo the procedure. Patients referred for myocardial 
viability assessment were excluded from the analysis.

This study’s protocol complies with the ethical principles 
outlined in the 1975 Declaration of Helsinki ethical principles 
and was submitted to and approved by our institutional 
Human Research Ethics Committee.

In both groups, dobutamine was continuously infused in 
up to four stages at incremental doses of 10, 20, 30 and  
40 μcg.kg-¹.min-¹. When indicated, atropine was administered 
in boluses of 0.25- to 0.50-mg, up to the maximum cumulative 
dose of 2 mg.2-4,12 In cases of paradoxical sinus deceleration, 
defined as a 5- to 10- beat reduction in HR, atropine could 
be administered during the initial stages, at the examiner’s 
discretion. Upon test conclusion, an intravenous beta-blocker 
or coronary vasodilator was used according to each group’s 

protocol. However, when coronary spasm was suspected, 
priority was given to vasodilator administration.

Absolute contraindications to dobutamine use were 
unstable angina, recent myocardial infarction, severe 
and symptomatic aortic stenosis, acute aortic dissection, 
decompensated heart failure, ventricular pseudoaneurysm 
and obstructive hypertrophic cardiomyopathy. Atropine was 
contraindicated in cases of myasthenia gravis, pyloric stenosis, 
prostate disease determining urinary retention and narrow-
angle glaucoma.9,11

To increase the number of tests completed, beta-blocker 
withdrawal was recommended two to three days before 
the test for CP-DSE patients and 5 days before for MP-DSE 
patients. A quad-screen display was used for comparative 
analysis, with CX 200 (Apogee) and Vingmed System Five 
(General Electric) equipment utilized in the CP-DSE group, 
and Vivid 7 and Vivid E9 (General Electric) equipment in the 
MP-DSE group.

 Regarding important adverse effects, hypertensive peak 
was defined as blood pressure higher than 230/120 mm Hg, 
while hypotension was defined as systolic blood pressure (SBP) 
lower than 100 mm Hg. We retrieved the following arrhythmias 
from the database: supraventricular tachyarrhythmia (junctional 
or atrial), atrial fibrillation, sustained ventricular tachycardia 
(duration > 30 seconds), nonsustained ventricular tachycardia 
and ventricular fibrillation. Additional events recorded included 
paradoxical sinus deceleration, acute coronary syndrome, acute 
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myocardial infarction, ventricular rupture, asystole and death. 
DSE should be discontinued in cases of potential life-threatening 
conditions or intolerance to the test medications.

Blood pressure was measured at the beginning of each 
stage and during the recovery phase. Electrocardiographic 
monitoring was continuous, and 12-lead electrocardiography 
was performed before and throughout the procedure. DSE was 
considered complete when at least 85% of the age-predicted 
maximal HR (220 minus age in years) was achieved and/or 
myocardial ischemia was detected. Ischemia was defined as 
either the appearance of wall motion abnormalities in at least 
two contiguous myocardial segments that were previously 
normal, or the worsening of a preexisting abnormality – 
excluding cases where an akinetic segment became dyskinetic.

In the early version of the CP-DSE, dobutamine was infused 
in three-minute stages and atropine was initiated at the end 
of the fourth stage (40-μcg.kg-¹.min-¹ of dobutamine), which 
was then extended to allow for atropine bolus administration. 
However, the CP-DSE protocol evolved over time, and in its 
later version, atropine began to be administered starting from 
the fourth stage.13   

 An intravenous bolus of metoprolol (5 to 10 mg) was 
administered upon DSE completion, regardless of whether 
the result was positive or negative for myocardial ischemia, 
or in the presence of tachyarrhythmias. Additional boluses 
could be given if arrhythmias or angina persisted. If angina 
continued, nitroglycerin could be administered as a sublingual 
spray or tablet, or as an intravenous infusion, at the examiner’s 
discretion.

In the MP-DSE protocol, all stages had a maximum duration 
of three minutes, and atropine infusion began during the third 
stage alongside dobutamine administration – except in cases 
where the examiner identified an exaggerated chronotropic 
response to dobutamine.13

Upon DSE completion, esmolol was intravenously 
administered in 30-mg bolus, independently of a positive 
or negative result for myocardial ischemia. If arrhythmia or 
typical angina occurred, additional bolus could be repeated 
at 3-minute intervals. When typical angina did not subside 
within six minutes, nitroglycerin solution (100 µcg/mL) would 
be intravenously administered in 3-mL bolus, followed by 
intravenous infusion (1 mL/minute) that would be maintained 
while angina persisted, as long as SBP > 110 mm Hg.14,15           

For the statistical analysis, categorical variables were 
presented in tables as point estimates of prevalence, and 
quantitative variables were expressed as mean ± standard 
deviation, and minimum and maximum values. The variables 
“adverse effects”, “risk factors” and “type of therapy” were 
organized in contingency tables according to protocol groups, 
test results (negative or positive for myocardial ischemia) 
and age ranges. Associations between protocol groups and 
these variables were analyzed using Pearson’s chi-square test 
or Fisher’s exact test, as appropriate. For the quantitative 
variables, normal distribution was analyzed using Shapiro-
Wilk test, and then, bivariate analysis was performed using 
Mann-Whitney test. A 5% significance level was adopted 
for all statistical tests, and analyses were performed using 
SPSS version 20.

Results
This study assessed 17,811 completed DSE out of 18,531 

tests performed. The sample was distributed as follows: 8,690 
tests in the CP-DSE group and 9,121 in the MP-DSE group. 
Female sex and young patients predominated in both groups. 
In the MP-DSE group, older men (≥65 years), use of anti-
hypertensive, lipid-lowering and hypoglycemic medications, 
as well as known coronary artery disease, were more common 
than in the CP-DSE group. Discontinuation of oral beta-blocker 
prior to testing was more frequent in the MP-DSE group, while 
CP-DSE patients more often underwent DSE while still on 
beta-blocker therapy (Table 1). In the CP-DSE group, 14.4% of 
the tests (n = 1,251) were concluded before the fourth stage, 
compared to 66% (n = 5,994) in the MP-DSE group. There 
were 434 (4.99%) inconclusive tests in the CP-DSE group and 
286 (3.1%) in the MP-DSE group. None of the inconclusive 
tests reached the target HR or met the criteria for myocardial 
ischemia (Figure 1).

In the entire sample and considering both positive and 
negative DSE results for myocardial ischemia, HR was higher 
in the CP-DSE group at baseline, but, during stress, HR did 
not differ between the groups. At baseline, SBP and rate-
pressure product (HR x SBP) of negative and positive DSE 
results for myocardial ischemia were higher in the CP-DSE 
group. However, during stress, both SBP and rate-pressure 
product were higher in the MP-DSE group in both negative 
and positive tests for myocardial ischemia (Table 2).

In the CP-DSE group, as compared to the MP-DSE group, peak 
hypertensive effect, typical angina and nonsustained ventricular 
tachycardia were more frequently found in both positive and 
negative tests for myocardial ischemia. Isolated ventricular 
ectopics, supraventricular tachyarrhythmias and atrial fibrillation 
were more frequently found in the positive tests of the CP-DSE 
group and in the negative tests of the MP-DSE group (Table 3).

The most severe adverse effects occurred in the CP-DSE 
patients with positive test results for ischemia and included 
ventricular fibrillation (2 patients) and acute coronary 
syndrome (1 patient). These patients were admitted for 
hemodynamic evaluation and subsequently underwent 
surgical myocardial revascularization, with no complications 
reported (Table 3). In the MP-DSE group, nitroglycerin solution 
was administered to 76 patients presenting with typical angina.

Atropine was administered to 83% of CP-DSE patients and 
92.6% of MP-DSE patients. The mean dose of atropine was 
higher in the MP-DSE group, including among patients with 
negative ischemia results, regardless of age, and among non-
elderly patients with positive ischemia results. However, the 
mean dose of atropine did not differ between groups among 
elderly patients with positive ischemia results. Lower doses of 
atropine were administered to elderly patients, regardless of 
ischemia status (Table 4). Early administration of atropine to 
reverse paradoxical sinus deceleration occurred in 16 CP-DSE 
patients and 64 MP-DSE patients.

Discussion
In this study with two large unselected populations, we 

assessed the safety of two protocols for DSE. In the modified 
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protocol, a lower amount of dobutamine was administered and 
esmolol was established as the ultra-short-acting beta-blocker 
to control arrhythmia or ischemia. In patients with persistent 
angina, the control was achieved with predetermined doses 
of nitroglycerin, as shown in the Central Illustration.

Over the past four decades, dobutamine infusion 
duration and dosage have varied. The frequent use of high 
doses has led to high dobutamine exposure and important 
adverse effects. Subsequent protocols have maintained 
3-minute intervals per stage, and atropine administration 
could be initiated along with the 20-, 30-, or 40-μcg.kg-1.
min-1 dobutamine infusion.1,3,4,6,7,12,16 In the CP-DSE group, 
there was greater exposure to dobutamine, and the test was 
concluded from the fourth stage on in 85.6% of the patients, 
while, in the MP-DSE group, only 44% needed to reach the 
fourth stage for conclusion.

According to Anthenoffer et al.,¹³ paradoxical sinus 
deceleration during DSE may represent the Bezold-Jarisch 
reflex, triggered by parasympathetic stimulation in the 
posterior wall of the left ventricle or by baroreceptor 
activation. This deceleration can be either gradual or 
sudden and abrupt. Based on data retrieved from the 
database, this reflex was observed in the CP-DSE group 
and was followed by atropine administration at the 

examiner’s discretion to reverse the deceleration. However, 
only 16 such cases were recorded, suggesting possible 
underreporting or a less stringent diagnostic criterion. In 
the MP-DSE group, early and immediate administration of 
atropine was strictly implemented in 64 patients to prevent 
atrioventricular block or asystole.

Intravenous administration of an ultra-short-acting 
beta-blocker at the end of DSE is essential for controlling 
or preventing arrhythmias and ischemic manifestations, as 
well as for facilitating a rapid return to baseline heart rate. 
Either esmolol or metoprolol may be used, although current 
guidelines do not specify a preferred agent.2,6        

In the CP-DSE group, metoprolol was used, and 
its effectiveness in controlling arrhythmias, ischemic 
manifestations and reducing HR was confirmed.1,7,17 
However, we observed that in the MP-DSE group, 
esmolol not only contributed to the control of ischemic 
manifestations and arrhythmias but also appeared to 
reduce HR more rapidly. Notably, in the management of 
supraventricular arrhythmias, esmolol has been shown to 
act faster and more effectively than amiodarone in cases 
of acute atrial fibrillation.3,18,19   

Metoprolol administered at the end of the test enhances 
the sensitivity of DSE for diagnosing myocardial ischemia 

Table 1 – Baseline characteristics: demographic data, risk factors, and type of therapy

 Variables CP-DSE MP-DSE p

Number of tests 8,690 (100%) 9,121 (100%)

Mean age (years) 61 ± 11.73 62.71 ± 2.05 < 0.001

Number of tests in patients aged ≤65 years 5,487 (66.1%) 5,182 (56.8%)
< 0.001

Number of tests in patients aged >65 years 3,203 (33.9%) 3,939 (43.2%)

Men 3,723 (42.8%) 4,150 (45.5%)
< 0.001

Women 4,967 (57.2%) 4,971 (54.5%)

Hypertension 4,608 (53%) 6,243 (68.4%) < 0.001

Dyslipidemia 3,755 (43.2%) 5,228 (57.3%) < 0.001

Diabetes   1,415 (16.3% 2,476 (27.1%) < 0.001

Known coronary artery disease 1,635 (18.8%) 1,838 (20.2%) < 0.001

Previous myocardial revascularization

stent 438 (5.0%) 1,167 (12.8%) < 0.001

mammary or saphenous bypass graft 1,108 (12.8%) 538 (5.9%) < 0.001

mammary bypass graft 830 (9.6%) 426 (4.7%) < 0.001

Oral beta-blocker

on 408 (4.7%) 197 (2.2%) < 0.001

suspended 1,420 (16.3%) 2,770 (30.4%) < 0.001

Data expressed as mean ± standard deviation, absolute numbers, and percentages; PC-DSE: conventional protocol for dobutamine stress 
echocardiography; MP-DSE: modified protocol for dobutamine stress echocardiography.
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without compromising specificity.8,20 In our study, esmolol 
revealed wall motion abnormalities consistent with ischemia 
during the recovery phase (Video 1), which may suggest a 
class effect of ultra-short-acting beta-blockers.

When myocardial ischemia presents with ST-segment 
elevation or is not promptly controlled with a beta-
blocker, the use of nitrates becomes essential.²¹ In the 
CP-DSE group, sublingual nitrate was administered; 
however, its effect was not always sufficiently rapid due 
to impaired absorption caused by mouth dryness –  a 
common side effect of atropine, particularly in elderly 
patients. Therefore, we opted to use lingual spray nitrate 
or intravenous isosorbide mononitrate. When these 
options were unavailable, intravenous nitroglycerin was 
administered at the examiner’s discretion. In the MP-DSE 
group, nitroglycerin infusion was routinely implemented 
with predetermined timing and dosage, which may have 
contributed to the prevention of potential ischemic 
complications.14,15,22

In our study, during stress, the rate-pressure product was 
higher in the MP-DSE group for both positive and negative 
ischemia results. This may have been influenced by a greater 
number of hypertensive patients, a lower proportion of 
patients on oral beta-blockers and earlier administration 
of atropine in this group. The rate-pressure product is 
known to correlate with myocardial oxygen consumption; 
therefore, when this parameter is elevated, the likelihood 

of ischemia increases. In the MP-DSE group, the higher 
rate-pressure product indicated increased oxygen demand. 
Evidence suggests that the rate-pressure product is a more 
reliable indicator of the adequacy of dobutamine stress 
than the achievement of target HR.²³

It is worth noting that, despite higher systolic blood 
pressure (SBP) during stress in the MP-DSE group, 
hypertensive peaks were more frequent in the CP-DSE 
group. This may be related to alpha-adrenergic stimulation 
secondary to greater exposure to dobutamine. Similar 
findings were reported by Lee et al.24 in their study involving 
3,129 patients, in which atropine was administered at a 
later stage.

Typical angina is a late and less frequent manifestation 
than wall motion abnormalities in the ischemic cascade.³ 
Although the MP-DSE group had a higher percentage of 
patients with risk factors for probable or known coronary 
artery disease, typical angina was more frequent in the 
CP-DSE group, which may be consistent with the higher 
incidence of positive DSE results for ischemia observed in 
that group.

Isolated ectopic beats are common during DSE 
and become clinically relevant when they occur in 
bursts, as tachyarrhythmias, or as fibrillation. However, 
the vast majority can be suppressed following test 
completion and administration of a beta-blocker bolus. 
Supraventricular ectopic beats in recurrent bursts, 

18,531 tests

Completed tests: 
8,690

Completed tests: 
9,121

9,124 9,407

Conventiona protocol

Inconclusive tests: 424

Adverse effects: 135

•	 Hypertensive peak: 56

•	 Hypotension: 6

•	 Short supraventricular 
tachyarrythmia: 8

•	 Nonsustained ventricular 
tachycardia: 10

•	 Test intolerance: 55

Adverse effects: 48

•	 Hypertensive peak:9

•	 Hypotension: 2

•	 Short supraventricular 
tachyarrythmia: 7

•	 Nonsustained ventricular 
tachycardia: 1

•	 Test intolerance: 29

Inconclusive tests: 286

Modified protocol

Figure 1 – Flowchart of the patients; none of the inconclusive tests reached the target heart rate nor met the criteria for 
myocardial ischemia.
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Table 2 – Values of the hemodynamic variables in the stress echocardiography protocols used and number of tests performed (N) 
according to negative or positive results for myocardial ischemia

VariablesResults Protocol N Mean ± SD p

Baseline heart rate (bpm)

Negative
CP-DSE
MP-DSE

7,313
8,375

76.55 ± 15.614
75.35 ± 15.614

< 0.001

Positive
CP-DSE
MP-DSE

1,380
753

73.66 ± 15.614
73.75 ± 15.614

0.820

Negative and positive
CP-DSE 
MP-DSE

8,690
9,121

76.09 ± 14.078
75.21 ± 14.280

< 0.001

Heart rate under stress (bpm)

Negative
CP-DSE
MP-DSE

7,313
8,375

149.94 ± 15.635
149.62 ± 14.153

< 0.001

Positive
CP-DSE
MP-DSE

1,380
753

144.69 ± 21.402
144.39 ± 18.726

0.097

Negative and positive
CP-DSE
MP-DSE

8,690
9,121

149.11 ± 16.793
149.18 ± 14.654

0.155

Baseline systolic blood pressure (mm Hg)

Negative
CP-DSE
 MP-DSE

7,313
8,374

134.93 ± 20.085
129.18 ± 15.614

< 0.001

Positive
CP-DSE
MP-DSE

7,313
8,375

136.43 ± 22.889
132.72± 16.204

< 0.001

Negative and positive
CP-DSE
MP-DSE

8,690
9,121

135.17 ± 20.562
129.48 ± 15.693

< 0.001

Systolic blood pressure under stress (mm Hg) 

Negative
CP-DSE
MP-DSE

7,313
8,375

150.20 ± 25.758
153.67 ± 22.665

< 0.001

Positive
CP-DSE
MP-DSE

1,380
753

152.24 ± 29.472
159.63 ± 22.980

< 0.001

Negative and positive
CP-DSE
MP-DSE

8,690
9,121

150.53 ± 26.391
154.16 ± 22.749

< 0.001

Baseline heart rate x baseline systolic blood pressure (bpm . mm Hg)

Negative
CP-DSE
MP-DSE

7,313
8,376

10,394 ± 2,599
9,766 ± 2,259

< 0.001

Positive
CP-DSE
MP-DSE

1,380
753

10,142 ± 2,615
9,801 ± 2,109

0.006

Negative and positive
CP-DSE
MP-DSE

8,690
9,121

10,354 ± 2,603
9,769 ± 2,247

< 0.001

Heart rate under stress x systolic blood pressure under stress (bpm . mm Hg)

Negative
CP-DSE
MP-DSE

7,313
8,376

22,596 ± 4,445
23,034 ± 4,031

< 0.001

Positive
CP-DSE
MP-DSE

1,380
753

22,177 ± 5,194
23,077 ± 4,504

< 0.001

Negative and positive
CP-DSE
MP-DSE

8,690
9,121

22,530 ± 4,575
23,037 ± 4,072

< 0.001

Data expressed as mean ± SD and absolute numbers. SD: standard deviation; PC-DSE: conventional protocol for dobutamine 
stress echocardiography; MP-DSE: modified protocol for dobutamine stress echocardiography; bpm: beats per minute.
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Table 3 – Adverse effects of dobutamine stress 
echocardiography according to the protocols used and the 
results (negative or positive) for myocardial ischemia

Variables
Results CP-DSE MP-DSE p

Total sample 8,690 (100%) 9,121 (100%)

Hypertensive peak

Negative 62 (0.71%) 32 (0.35%) < 0.001

Positive 29 (0.33%) 2 (0.02%) < 0.001

All 91 (1.04%) 34 (0.37%) < 0.001

Typical angina

Negative 301 (3.46%) 128 (1.4%) < 0.001

Positive 532 (6.12%) 336 (3.7%) < 0.001

All 833 (9.58%) 464 (5.1%) < 0.001

Isolated ventricular ectopics

Negative 2,243 (25.8%) 2,721 (29.8%) < 0.001

Positive 472 (5.43%) 289 (3.17%) < 0.001

All 2,715 (31%) 3,010 (33%) < 0.001

Supraventricular tachyarrhythmia

Negative 124 (1.43%) 239 (2.62%) < 0.001

Positive 38 (0.43%) 34 (0.37%) < 0.001

All 162 (2.11%) 273 (3.78%) < 0.001

Atrial fibrillation

Negative 54 (0.62%) 107 (1.17%) < 0.001

Positive 17 (0.2%) 9 (0.1%) 0.001

All 71 (0.82%) 116 (1.27%) < 0.001

Nonsustained ventricular tachycardia 

Negative 20 (0.23%) 8 (0.1%) < 0.001

Positive 28 (0.32%) 3 (0.03%) < 0.001

All 48 (0.55%) 11 (0.13%) < 0.001

Acute coronary syndrome

Positive 1 (0.01%) -

Ventricular fibrillation

Positive 2 (0.02%) -

Data expressed as absolute numbers and percentages; 
PC-DSE: conventional protocol for dobutamine stress 
echocardiography; MP-DSE: modified protocol for dobutamine 
stress echocardiography.

nonsustained tachyarrhythmias and atrial fibrillation 
were more frequently observed in the MP-DSE group, 
particularly in tests with negative results for ischemia.

The incidence of atrial fibrillation during DSE has varied, 
on average, from 1% to 4%, with rates reported as 0.86% 
among 4,818 patients in the meta-analysis by Mansencal 
et al.25 and 2% among 3,800 patients in the study by 
Carasso et al.26 Some publications have not associated 
atropine use with a higher incidence of arrhythmia.¹ 
Tsutsui et al.16 found no significant difference in atrial 
fibrillation incidence during DSE with or without early 
atropine administration (0.8% vs. 1.2%; p = NS). These 
percentages are very similar to those observed in our 
study (0.82% vs. 1.27%; p < 0.001), although we found 
a statistically significant difference in the MP-DSE group, 
which involved lower doses of dobutamine and more 
frequent use of atropine. This finding does not rule out 
a potential association between atropine use and atrial 
fibrillation, which warrants further investigation.

Considering the higher mean dose of atropine and the 
greater number of patients who had discontinued oral 
beta-blockers prior to testing, as previously recommended, 
the higher percentage of completed tests in the MP-DSE 
group was expected. Consistent with a previous study 
involving octogenarians, our findings showed that elderly 
patients required lower doses of atropine.10 Furthermore, 
supporting published data, reduced atropine use in elderly 
patients was observed in both positive and negative 
ischemia results.

Nonsustained ventricular tachycardia was more 
frequently observed in the CP-DSE group, regardless 
of whether the test result was positive or negative for 
ischemia, suggesting an effect related to the higher doses 
of dobutamine. At the examiner’s discretion, the test was 
interrupted and a beta-blocker bolus was administered, 
effectively preventing the progression to sustained 
ventricular tachycardia.

The most severe complications occurred exclusively in 
the CP-DSE group. One patient developed acute coronary 
syndrome during DSE, requiring prolonged intravenous 
nitroglycerin infusion. This patient subsequently underwent 
coronary angiography, which revealed severe coronary 
artery disease. Ventricular fibrillation was observed in two 
other patients – one during the fourth stage and the other 
during the recovery phase – both of whom tested positive for 
myocardial ischemia and had severe coronary artery disease. 
Defibrillation was successfully performed in both cases 
without sequelae, and surgical myocardial revascularization 
was carried out thereafter. No cases of cardioversion or 
electrical defibrillation were reported in the MP-DSE group.

In this study, none of the following complications 
was observed: Takotsubo syndrome, acute myocardial 
infarction, atrioventricular dissociation, asystole, cardiac 
rupture, death or sustained ventricular tachycardia. 
Geleijnse et al.¹¹ reported that, in the absence of sustained 
ventricular tachycardia, the risk of severe complications 
during stress testing – whether with a vasodilator, 
dobutamine or exercise – is comparable.
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The study by Rozanski et al.,27 using nuclear medicine 
imaging , demonstrated that over two decades, the 
percentage of tests yielding positive results for ischemia 
declined to 5%. Other studies have shown that, over 
four decades, the rate of inducible myocardial ischemia 
during stress echocardiography dropped from 60% to 
less than 10%, likely due to changes in patient profiles 
and improvements in anti-ischemic therapy.28,29 This may 
explain the lower percentage of positive ischemia tests in 
the MP-DSE group in our study. Additionally, it is worth 
noting the higher rate-pressure product observed in that 
group during stress. The decline in positive test rates has 
prompted the incorporation of new tools to enhance the 
diagnostic accuracy of stress echocardiography.

The potential occurrence of significant adverse effects 
should never be underestimated. Based on the findings 
of our study, we believe that the implementation of a 
well-defined protocol and prompt action to manage 
adverse events are essential for ensuring the safety of 
DSE. Key safety measures include strict attention to DSE 
contraindications, minimizing dobutamine exposure, 
immediate reversal of paradoxical sinus deceleration, 

use of esmolol as an ultra-short-acting beta-blocker, and 
intravenous nitroglycerin administration when necessary.

Our study has several limitations. It is a retrospective 
analysis, and neither the pretest probability of coronary 
artery disease nor its influence on test outcomes was 
calculated.27-30 Regarding the use of beta-blockers and 
coronary vasodilators, ischemia severity was not quantified 
when comparing the groups. There was no standardization 
of coronary vasodilator use, although this limitation was 
mitigated in the MP-DSE group. Hemodynamic assessment 
to evaluate DSE accuracy was not performed, and patients 
were not followed longitudinally to compare the prognostic 
value of CP-DSE versus MP-DSE; however, these were 
beyond the scope of this study. Although, in practice, heart 
rate reduction occurred more rapidly with esmolol than 
with metoprolol, a comparative study is needed to confirm 
this observation. Myocardial contrast echocardiography 
could potentially increase the number of diagnostic tests, 
but due to its cost, it remains uncommon in our setting.

In conclusion, the modified DSE protocol, featuring 
early administration of atropine and intravenous use of 
esmolol and nitroglycerin, proved to be a safe approach, 

Table 4 – Dose of atropine administered according to protocol, age group, and results for myocardial ischemia (negative 
or positive)

Variable Protocol Mean SD Minimum Maximum p

Mean dose (mg)
CP-DSE 0.540 0.433 0 2 mg

< 0.001
MP-DSE 0.602 0.488 0 2 mg

Age < 65 years
CP-DSE 0.642 0.441 0 2 mg

< 0.001
MP-DSE 0.740 0.513 0 2 mg

Age ≥ 65 years
CP-DSE 0.360 0.356 0 2 mg

< 0.001
MP-DSE 0.417 0.380 0 2 mg

Negative for ischemia
CP-DSE 0.547 0.437 0 2 mg

< 0.001
MP-DSE 0.607 0.488 0 2 mg

Positive for ischemia
CP-DSE 0.495 0.411 0 2 mg

0.070
MP-DSE 0.552 0.476 0 2 mg

Negative < 65 years
CP-DSE 0.655 0.442 0 2 mg

< 0.001
MP-DSE 0.745 0.513 0 2 mg

Negative ≥ 65 years
CP-DSE 0.360 0.357 0 2 mg

< 0.001
MP-DSE 0.420 0.381 0 2 mg

Positive < 65 years
CP-DSE 0.580 0.427 0 2 mg

0.014
MP-DSE 0.682 0.515 0 2 mg

Positive ≥ 65 years
CP-DSE 0.367 0.349 0 2 mg

0.216
MP-DSE 0.405 0.377 0 2 mg

SD: standard deviation; CP-DSE: conventional protocol for dobutamine stress echocardiography; MP-DSE: modified protocol for 
dobutamine stress echocardiography.
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Video 1 – In the two-chamber apical view, during the peak of dobutamine stress echocardiography (168 bpm), a subtle contractility 
abnormality can be observed. Following the intravenous infusion of an esmolol bolus, during the recovery phase (116 bpm), the area 
of wall motion abnormality extends to the anterior and inferior walls, indicating intense and unequivocal myocardial ischemia. Watch 
in: http://abcimaging.org/supplementary-material/2025/3803/ABCImag-2025-0054_AO_video_1.mp4

with no severe adverse effects reported. It resulted in 
reduced exposure to dobutamine and a higher rate-
pressure product, contributing to both safety and diagnostic 
efficacy.
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