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Analysis of the Safety and Feasibility of Dobutamine Stress
Echocardiography in Ten Thousand and Six Tests
of a General Population
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Exames de uma Populacao Geral
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Abstract

Background: Adverse effects and inconclusive results may occur on dobutamine stress echocardiography.
Objective: To assess the safety and feasibility of dobutamine stress echocardiography in a large general population.

Methods: A total of 10,006 dobutamine stress echocardiographies were performed between July 1996 and September 2007.
Dobutamine was administered in four stages (10, 20, 30, and 40 ucg-kg'-min") to research myocardial ischemia starting with
5 pcg-kg*min”' to analyze myocardial viability. Atropine was started according to the protocols used in the period. Clinical,
hemodynamic, and adverse effect data associated with dobutamine stress echocardiography findings were verified.

Results: Typical angina (8.9%), hypertensive peak (1.7%), isolated ventricular ectopias (31%), supraventricular tachyarrhythmia
(1.89%), atrial fibrillation (0.76%), and non-sustained ventricular tachycardia (0.6%) occurred during dobutamine stress
echocardiography. The adverse effects occurred more frequently in patients with positive dobutamine stress echocardiography
findings for ischemia than in those with negative findings. Paradoxical sinus deceleration (0.16%) did not occur in cases of
positive dobutamine stress echocardiography findings. Three severe complications occurred in cases that tested positive for
ischemia on dobutamine stress echocardiography: two (0.02%) of ventricular fibrillation and one of acute coronary syndrome
(0.01%). There were no cases of sustained ventricular tachycardia, cardiac rupture, asystole, or death. Compared to those with
complete tests, patients with inconclusive results used less atropine (81.5% versus 49.9%, p < 0.001) and more beta-blockers
(4.7% versus 19%, p < 0.001) and more commonly presented with a hypertensive peak (1.1% versus 14.2%, p = 0.0001) or
non-sustained ventricular tachycardia (0.5% versus 2.2%, p < 0.001).

Conclusion: When properly performed, dobutamine stress echocardiography is safe and has high feasibility.

Keywords: Dobutamine; Side Effects; Echocardiography, Stress.

Resumo

Fundamento: Durante o ecocardiograma sob estresse com dobutamina, podem ocorrer efeitos adversos e exames inconclusivos.
Objetivo: Avaliar em uma grande populagao geral a seguranca e a exequibilidade do ecocardiograma sob estresse com dobutamina.

Métodos: Estudo de 10.006 ecocardiogramas sob estresse com dobutamina realizados no perfodo de julho de 1996 a setembro de 2007.
A dobutamina foi administrada em quatro estagios (10, 20, 30 e 40 ucg.kg'.min"") para pesquisa de isquemia miocdrdica e iniciada com 5
ucg.kg'.min" apenas na andlise de viabilidade miocérdica. A atropina foi iniciada conforme os protocolos vigentes. Foram verificados dados
clinicos, hemodinamicos e efeitos adversos associados ao ecocardiograma sob estresse com dobutamina.

Resultados: Durante os ecocardiogramas sob estresse com dobutamina, ocorreu angina tipica (8,9%), pico hipertensivo (1,7%), ectopias
ventriculares isoladas (31%), taquiarritmia supraventricular (1,89%), fibrilagao atrial (0,76%) e taquicardia ventricular ndo sustentada (0,6%).
Os efeitos adversos citados foram mais frequentes nos pacientes com ecocardiogramas sob estresse com dobutamina positivos para isquemia.
A desaceleragao sinusal paradoxal (0,16%) nao ocorreu em ecocardiogramas sob estresse com dobutamina positivo. As trés complicagoes
graves ocorreram em ecocardiogramas sob estresse com dobutamina positivos para isquemia. Foram dois casos (0,02%) com FV e um caso de
sindrome coronariana aguda (0,01%). Nao houve caso de taquicardia ventricular sustentada, ruptura cardfaca, assistolia ou 6bito. Comparados
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aos exames concluidos, nos inconclusivos, os pacientes usaram menos atropina (81,5% versus 49,9%; p< 0,001) e mais hetaﬂ)l()queador
(4,7% versus 19%; p< 0,001), apresentando mais pico hipertensivo (1,1% versus 14,2%; p = 0,0001) e taquicardia ventricular nao sustentada

(0,5% versus 2,2%; p< 0,001).

a0: ardiograma sob estr I utamina realize > forma @ iada € seguro e apresenta elevada exequibilidade.
Conclusdo: O ecocardiograma sob estresse com dobutamina realizado de forma apropriada é seguro e apresenta elevada exequibilidade

Palavras-chave: Efeitos Colaterais e Reagbes Adversas Relacionados a Medicamentos; Ecocardiografia sob Estresse; Dobutamina.

Introduction

Dobutamine stress echocardiography (DSE) is an accurate
and well-established method of assessing coronary artery
disease (CAD). Its wide use led to continuously improving
safety of this important methodology in different sex and age
groups. Thus, publications showing the adverse effects of DSE
resulted in the development of more appropriate examination
protocols and, consequently, provided strategies to reduce
potential complications.'®

Studies available in the literature describe the use of
dobutamine as being more susceptible to being associated
with adverse effects and severe complications than the use
of exercise or vasodilators as stressors. Thus, the occurrence
of death, ventricular rupture, acute myocardial infarction,
complex ventricular and supraventricular arrhythmias, among
other events, is verified under different expressions.*'
However, modifications in examination protocols and the
accumulated experience avoid or reduce the occurrence of
adverse effects, showing greater safety and feasibility of DSE
over time, particularly by analyzing a large population.

Thus, this study aimed to assess DSE safety in a large general
population, identify its adverse effects and complications, and
verify conditions that affect its feasibility.

Methods

The present retrospective study included patients
undergoing DSE whose data on clinical information, adverse
effects, and severe complications were prospectively
collected between July 1996 and September 2007. The
patients were referred by their attending physicians with
the diagnostic hypothesis of known or probable CAD.
The examination was initiated only after the patients
understood the information regarding the purpose of the
DSE and its potential adverse effects and complications,
and provided verbal consent. Regarding the use of atropine,
it was mandatory that the ophthalmologist confirmed the
absence of glaucoma contraindicating its use; in patients
prone to urinary retention, this drug was avoided. The
suspension of beta-blockers was requested within 48-72
hours prior to the examination except in cases in which
the attending physician requested therapy maintenance.
Following the service routine, all of the necessary conditions
for effective cardiopulmonary resuscitation were checked
and reviewed regularly.

An Apogee CX 200 and Vingmed System Five was used
with a quadruple screen to enable the comparative analysis
of the four stages of DSE and visualization of the heart in the
parasternal (long- and short-axis) and apical (four- and two-
chamber) views.
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Blood pressure (BP) was measured at the beginning of
each stage and at the end of the test. Electrocardiographic
monitoring was continuous, and 12-lead electrocardiography
was performed before and during the procedure.

Dobutamine was administered in a peripheral vein in four
stages at increasing doses of 10, 20, 30, and 40 ucg-kg'-min"’
at three-minute intervals. The DSE was considered complete
when at least 85% of the maximum heart rate (HR) was
reached (220 minus age in years) and/or myocardial ischemia
was determined through the occurrence of a contractile
abnormality in a previously normal myocardium or the
worsening of a pre-existing abnormality.

In cases referred for a myocardial viability assessment, only
the presence of viable muscle was investigated as evidenced by
increased or impaired contractility at rest. The initial dose of
dobutamine was 5 ucg-kg”'-min”', with increases at increments
of 2.5 or 5 ucg-kg"-min”, and the final dose reaching up to
20 ucg-kg'-min”, if necessary, to complete the examination
but without the use of atropine.

Following the initial and current DSE protocol, atropine was
initiated at the end of the fourth stage, while the dobutamine
infusion could be extended during the administration of
atropine.’®'” As the protocol progressed, atropine was
administered during the fourth stage or after half of the third
stage depending on the HR achieved or by the examiner’s
decision.'®"” Atropine was administered in a bolus of 0.25/0.50
mg/min and reaching the maximum cumulative dose of 2 mg.
An infrequent and important situation in which atropine would
be administered earlier would be the need to interrupt sinus
deceleration in some specific cases.

Atthe end of the test, 5 to 10 mg of intravenous metoprolol
could be administered to control the ischemia and/or HR
reduction.’3°9161823 Ag 3 routine service, after the DSE, the
patient waited in the attached room for at least 20 minutes
regardless of the test results.

Adverse effects and complications

Chest pain, when present, was defined as typical or atypical
angina. The hypertensive peak was identified when the BP
reached or exceeded 230/120 mmHg, while hypotension was
identified when the systolic BP decreased to less than 100 mmHg.
Arrhythmias were classified as supraventricular tachyarrhythmia
(SVTA), atrial fibrillation (AF), sustained ventricular tachycardia
(SVT) lasting > 30 seconds, non-sustained ventricular tachycardia
(NSVT), and ventricular fibrillation (VF). The possible occurrence
of paradoxical sinus deceleration, acute coronary syndrome,
acute myocardial infarction, ventricular rupture, asystole, or
death was also investigated. Even if not complete, DSE was
stopped in cases of adverse effects that identified intolerance to
the examination or were life-threatening.
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Statistical analysis

Continuous variables are expressed as mean =+ standard
deviation, while categorical variables are expressed as absolute
frequency and percentage. The descriptive analysis of data
by group was performed using contingency and descriptive
measure tables. The association between groups and
categorized variables was analyzed using Fisher’s exact test.
The normality of the distribution of quantitative variables by
group was evaluated using the Shapiro-Wilk test. Levene's test
was used to analyze group homogeneity in relation to variance.
Student’s t-test was used to analyze group homogeneity in
relation to the normal distribution of quantitative variables,
while the non-parametric Mann-Whitney U test was used
for non-normally distributed variables. The analyses were
performed using Statistical Package for Social Science software
version 20.0 (SPSS Inc., Chicago, IL, USA). Values of p < 0.05
were considered statistically significant in all analyses.

Results

A total of 10,006 DSE procedures performed between
July 1996 and September 2007 were analyzed, including
negative tests for myocardial ischemia (79.68%), positive tests
for myocardial ischemia (14.41%), myocardial viability tests
(1.19%), and inconclusive tests (4.78%). However, of the 478
inconclusive DSE procedures, 27 were excluded from the
statistical analysis due to inadequate image quality during the
test without any adverse effects.

Table 1 presents the clinical data, which showed a
predominance of female patients (56.7%), a 52.4% incidence
of hypertension, a 43% incidence of dyslipidemia, a 16%
incidence of diabetes, and a 18.9% incidence of known CAD.
Of the 2,153 patients using beta-blockers, 25% did not follow
the recommendation to discontinue the drug.

The fourth stage of the DSE protocol was reached in 86% of
the tests, with the use of atropine in 80% and the registration
of the maximum HR for age in 38.3% of the cases. The adverse
effects occurring during DSE included chest pain including typical
angina (8.9%), hypertensive peak (1.7%), paradoxical sinus
deceleration (0.16%), isolated ventricular ectopias (31%), SVTA

(1.89%), AF (0.76%), NSVT (0.6%), acute coronary syndrome
(0.01%), and VF (0.02%). There were no cases of SVT, Takotsubo
cardiomyopathy, ventricular rupture, asystole, or death.

Analysis of the association between clinical variables at rest
and the test results (positive or negative) revealed a greater
association with male, older, hypertensive, and diabetic
patients with known CAD in whom beta-blockers were used
or suspended and who had a positive DSE result for myocardial
ischemia (Table 2).

Table 2 - Analysis of the association between variables and positive
or negative stress echocardiography results for myocardial ischemia.

Positive Negative

Variable n (%) n (%) P value
Sex
Male 803 (55.7) 3,234 (40.6)  <0.001
Female 638 (44.3) 4,734 (59.4)  <0.001
Age, years
<65 860 (59.7) 5,112 (64.2)  0.001
>65 581 (40.3) 2,856 (35.8)  0.001
Arterial hypertension 842 (58.4) 4,129 (51.8)  <0.001
Dyslipidemia 710 (49.3) 3,400 (42.7)  <0.001
Diabetes mellitus 349 (24.2) 1,183 (14.8)  <0.001
Coronary artery disease 580 (40.2) 1,177 (14.8)  <0.001
Beta-blocker
Used 105 (7.3) 333(4.2) <0.001
Suspended 306 (21.2) 1,234 (15.5) < 0.001
Reached DSE stage 4 1,269 (88.1)  6,871(86.2)  0.065
Used atropine 1,138 (79.0) 6,626 (83.2) <0.001
Reached HRmax during DSE 591 (41.0) 3,242 (40.7) 0816
Typical angina 543 (37.7) 330 (4.1) <0.001
Hypertensive peak 36 (2.5) 67 (0.8) <0.001
Paradoxical sinus deceleration 0 14(0.2) 0.148
Isolated ventricular ectopias 495 (34.4) 2478(31.1)  0.016
Supraventricular tachyarrhythmia 38 (2.6) 144 (1.8) 0.047
Atrial fibrillation 18(1.2) 58(0.7) 0.048

Non-sustained ventricular
tachycardia 23(03)
DSE, dobutamine stress echocardiography; HR, heart rate; HRmax, maximum HR.

27(1.9) <0.001

Table 1 - Descriptive analysis of clinical data from stress echocardiography.

Variable Negative for ischemia Positive for ischemia Myocardial viability Inconclusive
n (%) n (%) n (%) n (%)

Sex
Male 3,234 (40.6) 803 (55.7) 82 (68.9) 216 (45.2)
Female 4,734 (59.4) 638 (44.3) 37 (31.1) 262 (54.8)
Avrterial hypertension 4,129 (51.8) 842 (58.4) 29 (24.4) 242 (50.6)
Dyslipidemia 3,400 (42.7) 710 (49.3) 21(17.6) 177 (37.0)
Diabetes mellitus 1,183 (14.8) 349 (24.2) 10 (8.4) 65 (13.6)
Smoking 539 (6.8) 105 (7.3) 3(2.5) 33(6.9)
Coronary artery disease 1,177 (14.8) 580 (40.2) 46 (38.7) 84 (17.6)
Beta-blocker
Used 333 (4.2) 105 (7.3) 8(6.7) 87 (18.2)
Suspended 1,234 (15.5) 306 (21.2) 5(4.2) 75(15.7)
Unused 6,401 (80.3) 1,030 (71.5) 106 (89.1) 316 (66.1)
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The analysis of the association between variables occurring
during stress and test results (positive or negative) also showed
no intergroup difference in reaching the fourth stage of the
protocol (reached in more than 86% of cases) or in maximum
or submaximal HR during DSE. A positive DSE result for
ischemia showed a stronger association with the occurrence
of typical angina, hypertensive peak, SVTA, AF and NSVT.
Paradoxical sinus deceleration occurred only in patients with
negative DSE findings, although atropine was more commonly
used in this group (Table 2).

The comparative evaluation of DSE results in terms of
clinical and hemodynamic variables showed that the patients
who tested positive for ischemia were older, used less atropine,
and had higher systolic BP at rest and under stress. On the
other hand, patients with negative results for ischemia showed
higher HR both at rest and under stress (Table 3). There was
no intergroup difference in diastolic BP at rest or under stress.

The DSE stratification by results considering the comparison
between the sexes and the distribution of the variables showed
that women were older than men, used less atropine, and had
a higher HR at rest despite positive or negative DSE results for
ischemia. Women had a higher systolic BP, but only in negative
tests for ischemia and at rest.

During stress, HR and diastolic BP were higher in male
patients, but only in those who tested negative DSE for
ischemia. However, systolic BP during stress was higher in male
patients despite positive or negative DSE results. The other
hemodynamic comparisons did not differ between the sexes
despite positive or negative DSE results for ischemia (Table 4).

The comparison between complete and incomplete DSE
results showed no intergroup differences in mean age (61 =
11.7 versus 60 = 11.9 years, p = 0.23). Inconclusive tests
presented a lower occurrence of patients reporting chest

Table 3 - Comparison of stress echocardiogram negative or positive
results for ischemia depending on the distribution of clinical and
hemodynamic variables.

Variable n Mean SD Median P value
Age, years
Negative 7,968 60.603 11.874 61.0 <0.001
Positive 1441 62353 10.767 63.0 '
Atropine dose, mg
Negative 6,502 067 0.34 0.5 0.003
Positive 1,097 0.63 0.25 0.50 '
HR at rest, bpm
Negative 7,968 76.591 13.415 75.0 <0.001
Positive 1441 74056 12.907 72.0
HR during DSE, bpm
Negative 7,968 150.335 13.234  151.0 <0.001
Positive 1441 145175 18281  148.0
SBP at rest, mmHg
Negative 7,968 134.687 18.842  140.0 <0.001
Positive 1441 136.998 20.223  140.0
SBP during DSE, mmHg
Negative 7,968 150.249 24321  150.0 <0.0001
Positive 1441 153.380 26.942  150.0

DSE, dobutamine stress echocardiography; HR, heart rate; SBP, systolic
blood pressure; SD, standard deviation.
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pain, reaching the fourth stage, or using atropine in addition
to having a lower incidence of isolated ventricular ectopias.
However, inconclusive tests showed a higher percentage of
patients using beta-blockers, with hypertensive peaks, and
with NSVT (Table 5).

Table 4 - Stratification of stress echocardiography negative or
positive results for ischemia: Comparison of sexes by distribution
of variables.

Variable Sex n Mean SD
Age, years

Median P value

Positve Male 803 61740 10866 620
Female 638 63125 10508 630

. Male 3234 59235 12506 59.0
Negative Female 4734 61538 11328 610 OO
Atropine dose, mg

N Male 617 068 038 050
Positive Female 480 057 031 050 00
Negative Mde 2777 079 042 075 oo

Female 3,725 059 033 0.50
HR at rest, bpm
Male 803 73269 12705 720

Positive Female 638 75045 13100 740 0%

Necative Mele 3234 74401 1267 T30 .
9 Female 4734 78087 13700 77.0 :
HR during DSE, bpm
. Male 3234 151711 13256 153.0
Negative Female 4734 149395 13138 1500 0!
SBP at rest, mmHg
Negative Mele 3234 133578 17857 1300 _ .

Female 4,734 135445 19.452 140.0
SBP during DSE, mmHg

Male 803

Positive 155.181 28.206  160.0 0.020

Female 638 151.113 25.100 150.0
Nedative Male 3234 153789 25.286 1500 _ 0.001
9 Female 4,734 147.830 23.336  140.0 '
SBP during DSE, mmHg
Negative Male 3234 76670 11.786  80.0 <0.001

Female 4,734 75514 10.598  80.0
DBF, diastolic blood pressure; DSE, dobutamine stress echocardiography;
HR, heart rate; SBP, systolic blood pressure.

Table 5 - Comparison of complete and inconclusive stress
echocardiography results.

Complete Inconclusive

Variable n (%) n (%) P value
Total 9,550 (100) 451 (100) -
Dyslipidemia 4,135 (43.3) 165 (36.6) 0.005
Beta-blocker usage 446 (4.7) 86 (19.1) <0.001
SgaEChed thefourth stage of g 19 (g5.7) 356(789) <0001
Used atropine 7,785 (81.5) 225 (49.9) <0.001
Hypertensive peak 104 (1.1) 64 (14.2) 0.0001
Absent chest pain 7,838 (82.1) 423 (93.8) <0.001
Isolated ventricular ectopias 3,002 (31.4) 119 (26.4) 0.026
Non-sustained ventricular 51(05) 1022) <0.001

tachycardia

DSE, dobutamine stress echocardiography; *No difference in mean age (61 +
11.7 versus 60 + 11.9 years, p = 0.23).
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Discussion

This study included a general population of 10,006
individuals who were subjected to DSE procedures, and
analyzed several aspects related to clinical data resulting
from dobutamine and atropine action. The adequacy of the
different protocols used according to observations reported
in the literature resulted in excellent feasibility to conclude
the tests in this study associated with the use of atropine in
80% of the DSE procedures since some studies reported a
variation of 32-41%, with inconclusive results occurring in
9-17% of procedures."**"7

The occurrence of conclusive DSE has varied over the years
among the studied populations, examination protocols, and
technological development of echocardiography equipment
with the second harmonic multifrequency transducers and the
use of microbubble contrast, among other factors, that may
influence their accuracy and feasibility. The 27 cases with an
inadequate echocardiography window for analysis in this study
could probably have been better visualized.?*2

In this study, the association between positive DSE findings
for myocardial ischemia and male sex, CAD risk factors, and
a history of CAD was quite evident and within expectations.
There was no difference between positive and negative results
for ischemia in the proportion of cases in which the fourth
stage of the test or target HR (maximum or submaximal) was
reached; however, the patients with ischemia required less
atropine, which could be compatible with the fact that the
objective of the test had already been fulfilled.

Considering the diagnosis of myocardial ischemia using the
contractile abnormality criterion, 14.41% of cases had positive
DSE findings. This percentage may vary in the literature according
to the sample characteristics, and some authors verified a
progressively decreased percentage of positive DSE findings.?

Typical pain was more frequently present in positive cases
and was unquestionably related to the ischemic contractile
abnormality. However, in cases in which the contractile
abnormality was less expressed, bias for the positive diagnosis
of ischemia may have been created. The occurrence of typical
angina in positive cases may have been favored by the CAD itself
as well as by suspending the use of beta-blockers, a condition
that may also have caused, in this group, a higher incidence
of hypertensive peak, which occurred in a low percentage of
patients than that reported in previous studies.?”

The paradoxical deceleration of the sinus rhythm may be
secondary to the ischemic or mechanical process; however,
in the population studied here, it did not occur in a case with
positive DSE findings for ischemia. This information suggests that
these episodes must have resulted from mechanical stimulation
of the left ventricular posterior wall and/or from an arterial
baroreceptor compatible with Bezold-Jarisch syndrome.?3!

Ventricular ectopias not presenting to be paired are common
during DSE but are not relevant in this condition. A positive
DSE for ischemia and the presence of associated comorbidities
would infer the greater occurrence of SVTA, AF, and NSVT.
However, the incidence of adverse effects was within the range
of results published in other studies. This study detected a
1.89% incidence of SVTA, while the studies by Mathias et al.??
and Elhendy et al.® reported rates of 1% and 4%, respectively.
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The 0.76% incidence of AF during DSE in this present study was
lower than the 0.86% incidence of AF observed in the meta-
analysis by Mansecal et al.*> NSVT occurred in 0.6% of the DSE
procedures performed in this present study, whereas De Sutter
et al.", evaluating 1,685 patients, reported the occurrence of
3.3% NSVT but did not provide information on the dose or
percentage of patients using atropine, a condition that could
have influenced this result.

The most severe adverse effects occurred only in patients
with a positive DSE result for ischemia. The two cases of
VF were resolved and later revascularized, subsequently
progressing without sequelae. There was a case of acute
coronary syndrome characterized by strong typical angina,
contractile abnormality, and inferior wall ST-segment
elevation without arrhythmia or hemodynamic disorders.
After the ischemia improved with beta-blockers and coronary
vasodilators, the patient was referred for a hemodynamic
study. Coronary angiography showed significant right coronary
stenosis, and full reperfusion was promptly achieved after
angioplasty without complications. There were no serious
complications such as SVT, Takotsubo cardiomyopathy,
asystole, ventricular rupture, or death.

The comparison of the DSE results by distribution of
clinical, hemodynamic, and sex variables showed that a
lower percentage of women needed atropine in addition to
concluding the test with a lower cumulative dose regardless
of positive and negative DSE results for ischemia, which
could be explained by the fact that women have a higher
HR at rest. Another justification would be the lower body
surface area of women, but this variable was not analyzed
in this study. These characteristics in female patients have
been reported previously.'”"?

Systolic BP at rest and under stress conditions was higher
in cases of positive DSE results for ischemia, a finding that is
compatible with the higher incidence of hypertension in this
group. As for sex, males presented higher systolic BP both at
rest and under stress. Diastolic BP differed between the sexes
only in cases of negative DSE results for ischemia and was
also higher in males. The other hemodynamic comparisons
showed no difference between the sexes regardless of positive
or negative DSE results for ischemia.

When associated with dobutamine, atropine causes
cardiovascular response changes due to increased inotropic
and chronotropic effects and cardiac work.>*?>* Abram et al.*
analyzed 2,968 cases of negative DSE results for ischemia to
verify the typical pressure response in patients without known
cardiovascular disease. During dobutamine administration,
systolic BP increased, and diastolic BP decreased according
to sex and age, that is, in males and in younger patients.
These pressure changes became even more significant when
atropine was administered during DSE. This atropine effect
occurred in both men and women and was more evident
in younger people. These data show how complex it is to
analyze the simultaneous effects of dobutamine and atropine
on cardiovascular dynamics.

The occurrence of 4.78% inconclusive examinations in
this study was low compared to those of other publications,
with neither age nor a positive result for myocardial ischemia
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being causal factors. A lower proportion of inconclusive tests
reached the fourth stage of the protocol concomitantly to
the low use of atropine, with greater occurrence of adverse
effects such as hypertensive peak and NSVT. Better BP control
before the test using adequate beta-blocker replacement may
reduce the most frequent limiting adverse effects to achieve
more complete DSE procedures. NSVT is a more difficult
problem to solve, but fortunately, it presents low risk when
not progressing to SVT.

The presentstudy did notaim to register minor manifestations
such as a feeling of palpitations, heart acceleration, or nausea,
for example, as these are tolerable and present no risk, which
was explained to the patient before the test to assure them of
the immediate reversibility of discomfort should it occur. No
specific statistical analysis was performed of patients referred
to verify the viability due to the absence of a relevant adverse
effect in this group.

The use of atropine during DSE as proposed by McNeil
et al.?® showed increased sensitivity without losing specificity
in the diagnosis of myocardial ischemia. Ling et al.'® analyzed
a large sample and confirmed these findings, particularly for
vessel damage and in patients treated with beta-blockers,
making the association with atropine after the fourth stage
routine in this diagnostic methodology without increasing
the adverse effects. However, Santiago et al.>* showed no
difference in sensitivity, specificity, or positive predictive
value with a mean dobutamine infusion of 30 and 40 ucg-kg
*min”. In this context, Dyle et al.*” evaluated dobutamine
pharmacokinetics and reported sufficient serum levels of
the drug at the dose of 30 ucg-kg"-min™ and concluded that
atropine could be started in inadequate inotropic responses
with dobutamine at doses of up to 20 ucg-kg'-min™.

The study by Tsutsui et al.?® demonstrated the advantages of
starting atropine after the second stage since it maintained its
accuracy using less dobutamine and with shorter test duration,
a decreased occurrence of minor adverse effects, and more
diagnostic tests than the conventional protocol. However,
consensus on a definitive protocol is still lacking since recent
guidelines recommend the use of atropine in the third and
fourth stages but with different total cumulative doses of 2 mg
and 1.2 mg, respectively.”8

One of the important objectives of stress echocardiography
is to reduce the occurrence of adverse effects, especially
severe complications. Varga et al.” conducted the largest
review in the echocardiographic context that included
85,997 patients. However, it is important to note that the
authors received data even from centers with experience
performing only 20 tests, which would increase the possibility
of severe complications. On the other hand, the authors
found that no severe adverse effect was verified in 25 of
the 75 participating centers. The largest study evaluating

References

1. Poldermans D, Fioretti PM, Boersma E, Forster T, van Urk H, Cornel JH,
et al. Safety of dobutamine-atropine stress echocardiography in patients
with suspected or proven coronary artery disease. Arch Intern Med.
1994;73(7):456-9. doi: 10.1001/archinte.1994.00420230066008

2. Geleijnse ML, Fioretti PM, Roelandt JR. Methodology, feasibility, safety

Arq Bras Cardiol: Imagem cardiovasc. 2020;33(4):eabc110

cardiovascular complications during exercise, published
by Stuart and Ellestad?®, included 518,448 stress tests
with exercise. These authors reported 8.86 complications
considered severe per 10,000 tests. This evaluation included
0.5 deaths, 3.58 acute myocardial infarctions, and 4.78
arrhythmias, considered severe by the authors (requiring
venous therapy or cardioversion), per 10,000 tests.

Severe complications can be unpredictable in physical or
pharmacological stress conditions; however, with the more
frequent and early use of atropine in DSE, the patient’s
exposure to the adverse effects of dobutamine decreases,
favoring the use of DSE.

Limitations

Although this study was a retrospective analysis, the data
were prospectively collected. The exact transition period
for the DSE protocols was not determined. Hemodynamic
studies were not analyzed to assess DSE accuracy at diagnosing
significant CAD; however, this was not the objective of this
study. Another limitation of our study is its single-center design.
As suggested by Armstrong et al.,** multicentric publications or
meta-analyses would be more compatible and representative
of the real world. However, this study was rigorous regarding
its safety aspects and the progression of protocols essential for
this excellent methodology.

Conclusion

When properly performed, DSE is safe and has high
feasibility.

Acknowledgment

The authors thank Dr. José Nogueira Paes Janior for his
valuable support for this research project and Secretary Juliana
Moura Rocha, who organized and updated our database since
its inception.

Authors’ contributions

Research creation and design: Abreu JS. Data acquisition:
Abreu JS, Pinheiro TCD, Farias AGLP. Data analysis and
interpretation: Abreu JS, Pinheiro TCD, Abreu MEB. Statist ical
an a lysis: Abreu JS. Manuscript writing: Abreu JS, Abreu MEB,
Carneiro MM. Critical revision of the manuscript for important
intellectual content: Abreu JS, Farias AGLP, Carneiro MM.

Conflict of interest

The authors have declared that they have no conflict of
interest.

and diagnostic accuracy of dobutamine stress echocardiography. ) Am Coll
Cardiol. 1997;30(3):595-606. doi: 10.1016/s0735-1097(97)00206-4

3. ElhendyA, Van Domburg RT, Poldermans D, BaxJJ, Nierop P, Geleijnse M,
etal. Safety and feasibility of dobutamine-atropine stress echocardiography
for the diagnosis of coronary artery disease in diabetic patients unable to

Page 6 0of 8



Abreu et al.
Safety and feasibility of dobutamine stress echocardiography

Original Article

N

2

perform an exercise stress test. Diabetes Care. 1998;21(11):1797-802. doi:
10.2337/diacare.21.11.1797

Cortigiani L, Picano E, Coletta C, Chiarella F, Mathias W, Gandolfo N, De
AlcantaraM, Mazzoni V, Gensini GF, Landi P; Echo Persantine International
Cooperative (EPIC) Study Group; Echo Dobutamine International
Cooperative (EDIC) Study Group. Safety, feasibility, and prognostic
implications of pharmacologic stress echocardiography in 1482 patients
evaluated in an ambulatory setting. Am Heart J. 2001;141(4):621-9. doi:
10.1067/mhj.2001.113997

Pellikka PA, Nagueh SF, Elhendy AA, Kuehl CA, Sawada SG; American
Society of Echocardiography. American Society of Echocardiography
recommendations for performance, interpretation, and application of
stress echocardiography. ] Am Soc Echocardiogr. 2007;20(9):1021-41.
doi: 10.1016/j.ech0.2007.07.003

Pellikka PA, Nagueh SF, Elhendy AA, Kuehl CA, Sawada SG. Recomendagoes
da Sociedade Americana de Ecocardiografia para a realizacao, interpretagao
eaplicacao da Ecocardiografia de Estresse. Tradugao: Marcelo Luiz Campos
Vieira, Ana Camarozano, Arnaldo Rabischoffsky, Vera Maria L. Gimenes.
Revista Brasileira de Ecocardiografia e Imagem Cardiovascular [Internet].
2013 [citado 2020 Set 28];26(4):242-26. Disponivel em: https://www.
asecho.org/wp-content/uploads/2013/05/stress_portuguese1.pdf

Steeds RP, Wheeler R, Bhattacharyya S, ReikenJ, Nihoyannopoulos P, Senior
R, et al. Stress echocardiography in coronary artery disease: a practical
guideline from the British Society of Echocardiography. Echo Res Pract.
2019;6(2):G17-33.

Pellikka PA, Arruda-Olson A, Chaudhry FA, Chen MH, Marshall JE, Porter
TR, et al. Guidelines for Performance, Interpretation, and Application of
Stress Echocardiography in Ischemic Heart Disease: From the American
Society of Echocardiography. ] Am Soc Echocardiogr. 2020;33(1):1-41. 8.
doi: 10.1016/j.echo.2019.07.001

Mertes H, Sawada SG, Ryan T, Segar DS, Kovacs R, Foltz J, et al.
Symptoms, adverse effects, and complications associated with dobutamine
stress echocardiography. Experience in 1118 patients. Circulation.
1993;88(1):15-9. doi: 10.1161/01.cir.88.1.15

Lanzarini L, Previtali M, Diotallevi P. Syncope caused by cardiac asystole
during dobutamine stress echocardiography. Heart. 1996;75(3):320-1.
doi: 10.1136/hrt.75.3.320

Lewis W, Arena F, Galloway M, Bommer W. Acute myocardial infarction
associated with dobutamine stress echocardiography. ] Am Soc
Echocardiogr. 1997;10(5):576-8. doi: 10.1016/s0894-7317(97)70014-2

. Orlandini AD, Tuero El, Diaz R, Vilamaj6é OA, Paolasso EA. Acute cardiac

rupture during dobutamine-atropine echocardiography stress test.
J Am Soc Echocardiogr. 2000;13(2):152-3. doi: 10.1016/s0894-
7317(00)90028-2

Jodo |, Cotrim C, Duarte J, Rosério L, Freire G, Pereira H, et al. Cardiac
rupture during exercise stress echocardiography: A case report. ] Am Soc
Echocardiogra. 2000;13(8):785-7. doi: 10.1067/mje.2000.104960

De Sutter J, Poldermans D, Vourvouri E, Van Donburg R, Elhendy A,
Bax J, et al. Long-term prognostic significance of complex ventricular
arrhythmias induced during dobutamine stress echocardiography.
Ame J Cardiol. 2003;91(2):242-4. doi: https://doi.org/10.1016/S0002-
9149(02)03118-1

Varga A, Garcia MAR, Picano E, Registry ISEC. Safety of stress
echocardiography (from the international stress echo complication registry).
The American Journal of Cardiology. 2006;98(4):541-3.

Ling LH, Pellikka PA, Mahoney DW, Oh JK, McCully RB, Roger VL, et
al. Atropine augmentation in dobutamine stress echocardiography: role
and incremental value in a clinical practice setting. )] Am Coll Cardiol.
1996;28(3):551-7. doi: 10.1016/0735-1097(96)00195-7

Secknus MA, Marwick TH. Influence of gender on physiologic response and

Page 7 of 8

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

accuracy of dobutamine echocardiography. AmJ Cardiol. 1997;80(6):721-
4. doi: 10.1016/s0002-9149(97)00502-x

Lessick J, Mutlak D, Rinkevich D, Markiewicz W, Reisner S. Prospective
study of early atropine use in dobutamine stress echocardiography. Eur )
Echocardiogr. 2000;1(4):257-62. doi: 10.1053/euje.2000.0063

Abreu JS, Diégenes TC, Farias AG, Morais JM, Paes Janior JN. [Safety and
feasibility of dobutamine-atropine stress echocardiography in octogenarian
patients]. Arq Bras Cardiol. 2005;85(3):198-204. Portuguese. doi:
10.1590/50066-782x2005001600009

McNeill AJ, Fioretti PM, el-Said SM, Salustri A, Forster T, Roelandt JR.
Enhanced sensitivity for detection of coronary artery disease by addition
of atropine to dobutamine stress echocardiography. AmJ Cardiol. 1992 Jul
1;70(1):41-6. doi: 10.1016/0002-9149(92)91387-j

Picano E, Mathias WJ, Pingitore A, Bigi R, Previtali M. Safety and tolerability
of dobutamine-atropine stress echocardiography: a prospective,
multicentre study. Echo Dobutamine International Cooperative
Study Group. Lancet. 1994;344(8931):1190-2. doi: 10.1016/s0140-
6736(94)90508-8

Mathias W, Arruda A, Santos FC, Arruda AL, Mattos E, Osério A, etal. Safety
of dobutamine-atropine stress echocardiography: a prospective experience
of 4033 consecutive studies. ] Am Soc Echocardiogr. 1999;12(10):785-91.
doi: 10.1016/s0894-7317(99)70182-3

Poldermans D, Fioretti PM, Boersma E, Bax JJ, Thomson IR, Roelandt
JR, et al. Long-term prognostic value of dobutamine-atropine stress
echocardiography in 1737 patients with known or suspected coronary
artery disease: a single-center experience. Circulation. 1999;99(6):757-62.
doi: 10.1161/01.¢ir.99.6.757

Sozzi FB, Poldermans D, Bax JJ, Boersma E, Vletter WB, Elhendy A, et
al. Second harmonic imaging improves sensitivity of dobutamine stress
echocardiography for the diagnosis of coronary artery disease. Am Heart .
2001;142(1):153-9. doi: 10.1067/mhj.2001.116075

Shaikh K, Chang SM, Peterson L, Rosendahl-Garcia K, Quinones MA,
Nagueh SF, et al. Safety of contrast administration for endocardial
enhancement during stress echocardiography compared with
noncontrast stress. Am Heart ). 2008;102(11):1444-50. doi: 10.1016/j.
amjcard.2008.07.032

Carpeggiani C, Landi P, Michelassi C, Sicari R, Picano E. The declining
frequency of inducible myocardial ischemia during stress echocardiography
over 27 consecutive years (1983-2009). Int ] Cardiol. 2016;224:57-61.
doi: 10.1016/j.ijcard.2016.08.313

Lee CY, Pellikka PA, Shub C, Sinak L, Seward JB. Hypertensive response
during dobutamine stress echocardiography. Am J Cardiol. 1997;80(7):970-
1. doi: 10.1016/50002-9149(97)00561-4

Tsutsui JM, Os6rio AF, Fernandes DR, Sodre G, Andrade JL, RamiresJA, etal.
Comparison of safety and efficacy of the early injection of atropine during
dobutamine stress echocardiography with the conventional protocol. Am
J Cardiol. 2004;94(11):1367-72. doi: 10.1016/j.amjcard.2004.07.141

Mark AL. The Bezold-Jarisch reflex revisited: clinical implications of
inhibitory reflexes originating in the heart. ] Am Coll Cardiol. 1983;1(1):90-
102. doi: 10.1016/s0735-1097(83)80014-x

Attenhofer CH, Pellikka PA, McCully RB, Roger VL, Seward JB. Paradoxical
sinus deceleration during dobutamine stress echocardiography: description
and angiographic correlation. ] Am Coll Cardiol. 1997;29(5):994-9. doi:
10.1016/50735-1097(97)00030-2

HungKC, Lin FC, Chern MS, Chang HJ, Hsieh IC, Wu D. Mechanisms and
clinical significance of transient atrioventricular block during dobutamine
stress echocardiography. ] Am Coll Cardiol. 1999;34(4):998-1004. doi:
10.1016/s0735-1097(99)00306-x

Mansencal N, Mustafic H, Hauguel-Moreau M, Lannou S, Szymanski C,

Arq Bras Cardiol: Imagem cardiovasc. 2020;33(4):eabc110



Abreu et al.
Safety and feasibility of dobutamine stress echocardiography

Original Article

33.

34.

35.

Dubourg O. Occurrence of Atrial Fibrillation During Dobutamine Stress
Echocardiography. Am J Cardiol. 2019;123(8):1277-82. doi: 10.1016/j.
amjcard.2019.01.022

Landzberg]S, Parker JD, Gauthier DF, Colucci WS. Effects of intracoronary
acetylcholine and atropine on basal and dobutamine-stimulated left
ventricular contractility. Circulation. 1994;89(1):164-8. doi: 10.1161/01.
cir.89.1.164

Camarozano AC, Weitzel LH, Turano MM, Nascimento C, Savedra
MM. Avaliagao do inotropismo cardiaco ao ecocardiograma de estresse
e contraste: comparagao do protocolo precoce X protocolo padrao
dobutamina-atropina. Rev Bras Ecocardiogr [Internet]. 2004 [citado 2020
Set 28];17:31-46. Disponivel em: http://departamentos.cardiol.br/dic/
publicacoes/revistadic/revista/2006/Revista03/06-artigoanalise. pdf

Abram S, Arruda-Olson AM, Scott CG, Pellikka PA, Nkomo VT, Oh
JK, et al. Typical blood pressure response during dobutamine stress

Arq Bras Cardiol: Imagem cardiovasc. 2020;33(4):eabc110

36.

37.

38.

39.

echocardiography of patients without known cardiovascular disease who
have normal stress echocardiograms. Eur Heart J Cardiovasc Imaging.
2016;17(5):557-63. doi: 10.1093/ehijci/jev165

Santiago P, Vacek JL, Rosamond TL. Dobutamine stress echocardiography:
clinical utility and predictive value at various infusion rates. Am Heart J.
1994;128(4):804-8. doi: 10.1016/0002-8703(94)90279-8

Daly AL, Linares OA, Smith MJ, Starling MR, Supiano MA. Dobutamine
pharmacokinetics during dobutamine stress echocardiography. Am J
Cardiol. 1997;79(10):1381-6. doi: 10.1016/s0002-9149(97)00144-6

Stuart R, Ellestad M. National survey of exercise stress testing facilities.
CHEST Journal. 1980;77(1):94-7. doi: 10.1378/chest.77.1.94

Armstrong WE. Dobutamine stress echocardiography: single center
studies vs. meta-analysis vs. the real world. ] Am Soc Echocardiogr.
2009;22(11):1209-11. doi: 10.1016/j.ech0.2009.09.018

Page 80f 8



