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The prognostic value of dobutamine stress echocardiography (DSE) at >10-year follow-up
is unknown. The aim of this study was to assess the very long-term prognostic value of DSE
in a high-risk cohort of patients with known or suspected coronary artery disease. This
prospective, single-center study included 3,381 patients who underwent DSE from January
1990 to January 2003. Two-dimensional echocardiographic images were acquired at rest,
during dobutamine stress, and during recovery. Follow-up events were collected and
included overall mortality, cardiac death, nonfatal myocardial infarction, and revascularization. The incremental value of DSE in the prediction of selected end points was evaluated using multivariate Cox proportional hazard analysis. During a mean follow-up of 13 –
3.2 years (range 7.3 to 20.5 years), there were 1,725 deaths (51%), of which 1,128 (33%) were
attributed to cardiac causes. Patients with an abnormal DSE had a higher mortality rate
(44% vs 35% at 15-year follow-up, p <0.001) than those with a normal DSE. When
comparing echocardiographic variables at rest to variables at maximum dose dobutamine,
the chi-square of the test improved from 842 to 870 (p <0.0001) and from 684 to 740
(p <0.0001) for all-cause mortality and cardiac death, respectively. DSE provided incremental value in predicting all-cause mortality, cardiac death, and hard cardiac events.
There seems, however, to be a “warranty period” of approximately 7 years, when the
survival curves of a normal and abnormal DSE no longer diverge. Ó 2016 The Authors.
Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/). (Am J Cardiol 2016;117:1078e1083)

Exercise electrocardiography is the most frequently used
method for noninvasive evaluation of coronary artery disease
(CAD). Still, a substantial number of patients have an
impaired exercise capacity, because of a weak general
physical condition, neuropathy, or peripheral vascular disease. Dobutamine stress echocardiography (DSE) has been
reported as a safe1 and effective noninvasive tool to provide
diagnostic and prognostic information in various clinical
scenarios.2e7 Currently, it is not known whether the prognostic value of DSE in patients with limited exercise capacity
is preserved at very long-term (>10 years) follow-up. The
goals of this study were to assess the very long-term outcome
after DSE in a high-risk group of consecutive patients and to
evaluate whether DSE has incremental prognostic value over
clinical variables and echocardiographic data at rest.
Methods
This prospective study included 3,875 consecutive patients at high risk with known or suspected CAD, who were
unable to perform an adequate exercise test. Indications for
DSE were diagnosis of CAD (54%), preoperative evaluation
before noncardiac surgery (34%), and risk stratiﬁcation after
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myocardial infarction (MI, 12%). Of all patients who underwent DSE, 30% had a history of typical angina, and 13%
had a history of atypical angina.8 Data were collected from
patients who underwent DSE from January 1990 to January
2003 at the Thoraxcenter, Rotterdam, the Netherlands.
Follow-up data at shorter intervals and of speciﬁc subgroups
of this study cohort have been previously published.2,5,9
Thirty-nine patients were lost to follow-up, and 455 patients underwent early coronary revascularization in the ﬁrst
60 days after DSE and were excluded from the analysis
because referral for revascularization within this period is
likely to be based on DSE results. The ﬁnal population of
this study consisted of 3,381 patients. This study was not
subject to the Dutch Medical Research Involving Human
Subjects Act. Therefore, approval from the local research
ethics committee to conduct this prospective follow-up
study was not required at the time of enrollment. The
study was conducted according to the Declaration of Helsinki.10 All patients consented participation in this study.
Clinical characteristics including hypertension, hypercholesterolemia, smoking, previous MI, a history of heart
failure, and/or revascularization were recorded at the time of
DSE in a computerized database. Hypertension was deﬁned
as systolic blood pressure 140 mm Hg, diastolic blood
pressure 90 mm Hg, or the use of antihypertensive
medication. Hypercholesterolemia was deﬁned as total
cholesterol >200 mg/dl or the use of cholesterol-lowering
agents. Heart failure was deﬁned according to the New
York Heart Association classiﬁcation and based on established guidelines at the time of diagnosis.11
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After baseline echocardiography, dobutamine was
infused at a starting dose of 5 mg/kg/min for 3 minutes
followed by 10 mg/kg/min for 3 minutes (low-dose stage).
The dobutamine dose was increased by 10 mg/kg/min every
3 minutes up to a maximum dose of 40 mg/kg/min. Atropine
(up to 1 mg) was administered intravenously at the end of
the last stage if the target heart rate was not achieved. End
points of the test were an achievement of the target heart rate
(85% of the maximal heart rate predicted for age), the
maximal dose of dobutamine and atropine, >2 mV downsloping ST-segment depression measured 80 ms from the J
point compared with baseline, hypertension (blood pressure
>240/120 mm Hg), a decrease in systolic blood pressure of
>40 mm Hg, and signiﬁcant arrhythmias.
Two-dimensional echocardiographic images were acquired at rest, during dobutamine stress, and during recovery
using standard views. Regional wall motion and systolic
wall thickening were scored on a 5-point scale using a
standard 16-segment left ventricular model. Ischemia was
deﬁned as new or worsened wall motion abnormalities
(WMA) during stress indicated by an increase of wall motion score 1 grade in 1 segment. A biphasic response in
an akinetic or severely hypokinetic segment was considered
as an ischemic response. Ischemia was not considered present when akinetic segments at rest became dyskinetic
during stress.12 For each patient, a wall motion score index
(WMSI) was calculated by dividing the sum of segment
scores by the total number of interpreted segments. The test
was considered abnormal if WMA were seen either at rest or
during stress.
Outcome data were obtained by a questionnaire, evaluation of hospital records, contacting the patient’s general
practitioner, and/or review of civil registries. The cause of
death was retrieved at Statistics Netherlands (www.cbs.nl).
This permitted high accuracy for determination of survival
status. Deaths were classiﬁed as either documented cardiac
death or other. Before contacting the patient, the online
municipal civil registry was used to determine the patient’s
present survival status. Survival status was retrieved in 99%
of the patients. Questionnaires were sent to all patients alive.
The response rate of this questionnaire was 83%. The date
of response was used to calculate follow-up time. Follow-up
events noted were overall mortality, hard cardiac events
(non-fatal MI and cardiac death), and revascularization.
Continuous data are expressed as mean values  SD. The
Student t test was used to analyze continuous data, and the
chi-square test was used for differences between proportions. The incremental value of DSE over the clinical
variables in the prediction of selected end points was evaluated using multivariate Cox proportional hazard analysis
(SPSS Software, version 21.0) including a model with
baseline characteristics and clinical variables. Only variables
that were signiﬁcant in a univariate model were added to the
multivariate model. Using a stepwise model, echocardiographic variables at rest were then added to the clinical
model to investigate the increase in chi-square value of the
model. Finally, the variables at peak-dose dobutamine were
added to the model. The test was considered of additional
value if there was a signiﬁcant increase in chi-square value
at the third step of the test. The echocardiographic variables
that were added at rest and peak-dobutamine dose were
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Table 1
Clinical characteristics
Variable
Men
Age (yrs)
Hypertension
Hypercholesterolemia
Smoking
Diabetes mellitus
Heart failure
Coronary artery disease
Beta-blockers
Calcium-channel blockers
Angiotensin-converting-enzyme inhibitor
Diuretics
Nitrates

n ¼ 3,381
2,275 (67%)
61.4  12
1,005 (30%)
770 (23%)
988 (29%)
378 (11%)
454 (13%)
1,525 (45%)
1,116 (33%)
816 (24%)
845 (25%)
477 (14%)
1,031 (31%)

heart rate, systolic and diastolic blood pressure, rate pressure
product (deﬁned as maximum heart rate times the maximum
systolic blood pressure), WMSI, and WMA. The probability
of survival was calculated using the KaplaneMeier method,
and survival curves were compared using the log-rank test.
To determine the warranty period of DSE, the Cox proportional hazard analysis for an abnormal DSE was repeated
at 1, 2, 3, and so on years of follow-up. A p value <0.05
was considered statistically signiﬁcant.
Results
Mean age at time of DSE was 61  12 years. There were
2,275 men (67%) and 1,106 women (33%). Forty-ﬁve
percent of the patients had known CAD. Clinical characteristics are presented in Table 1. The test was terminated for
achievement of the target heart rate in 89% of the patients,
maximal dobutamine/atropine dose in 3%, ST-segment
changes in 3%, arrhythmias in 1%, severe angina in 1%,
abnormal blood pressure in 1%, and other symptoms in 2%.
Five hundred sixty-eight (17%) patients had typical angina
during dobutamine stress.
DSE was normal in 1,170 of the patients (35%). Ischemia
on DSE was detected in 1,610 patients (48%); of which
1,441 (90%) had WMA at rest. Six hundred one (18%)
patients had WMA at rest alone. During a mean follow-up
of 13  3.2 years (range 7.3 to 20.5 years), there were
1,725 deaths (51%), of which 1,128 (33% of total study
cohort) were attributed to cardiac causes. Two hundred
ninety-seven patients (8.8%) had a nonfatal MI, and 793
patients were revascularized (23.5%) at during follow-up.
The annualized mortality rate of patients who underwent
revascularization after an ischemic event was comparable to
the group who did not undergo percutaneous coronary
intervention (3.9% vs 4.2%, respectively).
Cumulative survival curves (Figure 1) showed a signiﬁcantly better survival of patients with normal DSE in comparison with abnormal DSE (76% vs 69% at 5 years, 57% vs
50% at 10 years, and 44% vs 35% at 15 years; overall
p <0.001). Figure 1 illustrates that also for the end points
cardiac death (87% vs 77% at 5 years, 74% vs 62% at
10 years, and 63% vs 47% at 15 years; overall p <0.001)
and hard cardiac events (82% vs 69% at 5 years, 65% vs
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51% at 10 years, and 52% vs 34% at 15 years; overall p
<0.001), the population with a normal DSE had signiﬁcant
lower chance of adverse events.
Univariate and multivariate predictors associated with an
increased risk of all end points of interest are presented in
Tables 2 and 3. Echocardiographic variables at peak-dose
dobutamine signiﬁcantly increased the value of the test for
all end points. When comparing echocardiographic variables at rest to variables at maximum dose dobutamine,
the chi-square of the test improved from 842 to 870
(p <0.0001) and from 684 to 740 (p <0.0001) for all-cause
mortality and cardiac death, respectively. WMSI during
stress predicted both all-cause mortality and cardiac death.
At 5 years of follow-up, the hazard ratio of having an
abnormal DSE reached a maximum of 1.37 and started to
decrease after 7 years of follow-up.
Discussion

Figure 1. KaplaneMeier survival curves for all-cause mortality (A), cardiac
death (B), and hard cardiac events (C) in patients with normal (dark gray)
versus abnormal (light gray) DSE. The dummy lines illustrate that the
curves start to run parallel at approximately 7 years (dashed line).

DSE is a commonly used tool to predict short to mediumterm outcome of patients with limited exercise capacity. In
this high-risk patient cohort, DSE has incremental value at
very long-term follow-up for predicting all end points of
interest in a consecutive population with known or suspected CAD. DSE added prognostic value to clinical variables and stress test data in predicting all-cause mortality,
cardiac death, and hard cardiac events. Heart rate, WMSI,
and new or worsened WMA during peak-dose dobutamine
were signiﬁcant predictors depending on the end points of
interest (Tables 2 and 3). KaplaneMeier curves conﬁrmed
the previously described ﬁndings because outcome for all
end points of interest was in favor of a normal DSE in
comparison with an abnormal DSE at 18 years after initial
testing (p <0.001).
Although the KaplaneMeier curves showed a signiﬁcant
improved outcome in favor of a normal DSE for all end
points, it is of interest to see that the curve of all-cause
mortality (Figure 1) diverges up to approximately 7 years
after DSE. At this point, the test seems to stop to further
discriminate between abnormal and normal DSE and both
lines start to run parallel. This effect is less pronounced in
the KaplaneMeier curves of cardiac death (Figure 1) and
hard cardiac events (Figure 1), but it suggests a certain
“warranty period” of a DSE. This in line with what we
observed in the diabetic subcohort of this population,5
where a similar phenomenon was observed at 7 years.
The prognostic signiﬁcance of DSE at short- to mediumterm follow-up has been demonstrated in several studies.13e17 Currently, there are no studies evaluating the very
long-term prognostic role of DSE. In a meta-analysis, Shaw
et al18 investigated the prognostic role of dipyridamole and
DSE in preoperative screening before vascular surgery. The
meta-analysis included 15 studies, of which 5 studies
(n ¼ 445) were based on studies on DSE. The analysis
demonstrated that echocardiographic WMA were predictive
of adverse perioperative outcomes. Their analysis supports
pharmacologic stress imaging as a tool for preoperative
screening in patients at intermediate risk. These previous
studies provide useful information about the clinical
importance of DSE, but the very long-term prognostic value
of a DSE remains unclear. This study provides unique
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Table 2
Independent predictors of all-cause mortality
Univariate

Male gender
Age
Coronary artery disease
Heart failure
Diabetes mellitus
Hypertension
Hypercholesterolemia
Smoking
Beta-blockers
Calcium-channel blockers
Angio-converting enzyme inhibitors
Diuretics
Digoxin
Nitrates
Heart rate rest
Systolic blood pressure rest
Diastolic blood pressure rest
Rate pressure product rest
Wall motion score index rest
Rest wall motion abnormalities
Heart rate peak
Systolic blood pressure peak
Diastolic blood pressure peak
Rate pressure product peak
Wall motion score index peak
Peak wall motion abnormalities
Any wall motion abnormalities
X2-test
p-value

1.45 (1.31-1.62)
1.06 (1.05-1.06)
Not signiﬁcant
1.91 (1.68-2.17)
1.44 (1.25-1.65)
Not signiﬁcant
0.71 (0.62-0.80)
1.24 (1.12-1.37
0.81 (0.73-0.89)
Not signiﬁcant
1.29 (1.16-1.43)
1.73 (1.53-1.97)
2.24 (1.88-2.68)
Not signiﬁcant
1.11 (1.07-1.15)
1.05 (1.03-1.07)
Not signiﬁcant
1.01 (1.00-1.01)
1.48 (1.38-1.59)
1.29 (1.17-1.42)
0.97 (0.95-0.99)
0.97 (0.95-0.99)
0.95 (0.92-0.98)
1.00 (1.00-1.00)
1.54 (1.43-1.67)
1.37 (1.25-1.51)
1.27 (1.15-1.41)

information on the very long-term prognostic value of the
test in a consecutive population of subjects with known or
suspected CAD. It demonstrates the clinical importance of
DSE results for assessment of very long-term outcome.
The event rate in this present study is high (51% of the
patients died during follow-up). There are multiple factors
that may explain the relatively high event rate in this study.
First, this cohort is a high-risk group, the mean age was
61 years and 45% had known CAD, whereas 65% of the
patients had an abnormal DSE. Second, all patients underwent DSE because of limited exercise capacity. The
inability to perform an adequate exercise test is an indicator
of adverse outcome in itself. Third, the follow-up of this
cohort was nearly complete. Finally, this study has followup period of >10 years, which is signiﬁcantly longer than
previous studies.
Although this study included a high-risk population,
Table 1 demonstrates that patients seemed undertreated according to current standards. Inclusion of patients in this
study started as early as 1990, a time at which medical
treatment was suboptimal compared with current standards,
as has been demonstrated in the EUROASPIRE (EUROpean Action on Secondary and Primary prevention through
Intervention to Reduce Events) registry.19 Referral to coronary revascularization (23.5%) was also relatively low
given the 48% of the patients with detected ischemia.

(1):
Clinical

(2):
(1) þ DSE At Rest

(3):
(2) þ DSE At Peak

HR (CI)

HR (CI)

HR (CI)

1.39 (1.25-1.55)
1.06 (1.05-1.06)
1.59 (1.38-1.82)
1.49 (1.30-1.72)
0.74 (0.65-0.84)
1.42 (1.28-1.57)
0.86 (0.77-0.96)
Not signiﬁcant
1.33 (1.15-1.53)
1.36 (1.12-1.65)
842
-

1.39 (1.25-1.55)
1.06 (1.06-1.07)
1.36 (1.18-1.58)
1.41 (1.22-1.62)
0.68 (0.60-0.77)
1.42 (1.28-1.58)
Not signiﬁcant
1.23 (1.07-1.42)
Not signiﬁcant
1.13 (1.09-1.18)
Not signiﬁcant
Not signiﬁcant
1.32 (1.22-1.44)
Not signiﬁcant
870
P < 0.0001

1.38 (1.23-1.54)
1.06 (1.06-1.07)
1.40 (1.21-1.62)
1.40 (1.21-1.61)
0.69 (0.60-0.78)
1.42 (1.28-1.58)
1.23 (1.07-1.42)
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
1.35 (1.23-1.48)
Not signiﬁcant
Not signiﬁcant
870
P < 0.0001

However, previous studies have demonstrated that the
timing of revascularization requires careful consideration.20
Patients with no or mild symptoms and little ischemia can
safely be treated with medical treatment alone. Furthermore,
the COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation) trial21 has demonstrated that clinical outcome in patients with stable angina
does not signiﬁcantly differ between patients who receive an
initial therapy of coronary revascularization and optimal
medical therapy compared to patients with optimal medical
therapy alone.
The American College of Cardiology recommends
pharmacologic stress with either nuclear myocardial infusion imaging or echocardiography for risk assessment in
patients with stable ischemic heart disease who are either
unable to exercise to an adequate workload regardless of
interpretability of electrocardiogram, patients with left
bundle branch block on electrocardiogram regardless of
ability to exercise to an adequate workload or patients who
are being considered for revascularization of known coronary stenosis of unclear physiological signiﬁcance.22 The
appropriateness criteria for stress echocardiography formulated by the American College Cardiology illustrate these
recommendations and add several clinical scenarios in
which stress echocardiography is the preferred technique or
can be considered.23 The present study demonstrates that
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Table 3
Independent predictors of cardiac death

Male gender
Age
Coronary artery disease
Heart failure
Diabetes mellitus
Hypertension
Hypercholesterolemia
Smoking
Beta-blockers
Calcium-channel blockers
Angio-converting enzyme inhibitors
Diuretics
Digoxin
Nitrates
Heart rate rest
Systolic blood pressure rest
Diastolic blood pressure rest
Rate pressure product rest
Wall motion score index rest
Rest wall motion abnormalities
Heart rate peak
Systolic blood pressure peak
Diastolic blood pressure peak
Rate pressure product peak
Wall motion score index peak
Peak wall motion abnormalities
Any wall motion abnormalities
X2-test
p-value

Univariate

(1):
Clinical

(2):
(1) þ DSE At Rest

(3):
(2) þ DSE At Peak

HR (CI)

HR (CI)

HR (CI)

HR (CI)

1.56 (1.36-1.78)
1.07 (1.05-1.05)
1.33 (1.18-1.50)
2.47 (2.14-2.86)
1.40 (1.17-1.67)
Not signiﬁcant
0.78 (0.67-0.90)
1.36 (1.20-1.54)
0.81 (0.71-0.92)
Not signiﬁcant
1.48 (1.30-1.68)
1.95 (1.67-2.26)
2.68 (2.18-3.28)
1.32 (1.16-1.49)
1.12 (1.06-1.17)
1.03 (1.01-1.06)
Not signiﬁcant
1.01 (1.00-1.01)
1.78 (1.64-1.94)
1.70 (1.50-1.93)
0.96 (0.94-0.99)
0.95 (0.93-0.97)
0.93 (0.89-0.96)
1.00 (0.99-1.00)
1.93 (1.77-2.12)
1.76 (1.57-1.99)
1.70 (1.49-1.94)
-

1.46 (1.27-1.67)
1.06 (1.06-1.07)
Not signiﬁcant
2.00 (1.70-2.35)
1.42 (1.19-1.70)
0.80 (0.69-0.94)
1.54 (1.36-1.74)
0.86 (0.75-0.98)
Not signiﬁcant
1.34 (1.12-1.59)
1.46 (1.17-1.83)
Not signiﬁcant
684
-

1.40 (1.22-1.61)
1.06 (1.06-1.07)
1.60 (1.36-1.89)
1.32 (1.11-1.58)
0.72 (0.62-0.84)
1.54 (1.35-1.74)
Not signiﬁcant
Not signiﬁcant
1.36 (1.09-1.70)
1.13 (1.08-1.18)
Not signiﬁcant
Not signiﬁcant
1.54 (1.39-1.69)
Not signiﬁcant
734
P <0.0001

1.38 (1.20-1.59)
1.06 (1.05-1.07)
1.65 (1.40-1.94)
1.30 (1.09-1.56)
0.73 (0.63-0.86)
1.53 (1.35-1.73)
1.33 (1.06-1.66)
1.14 (1.09-1.19)
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
1.63 (1.47-1.81)
Not signiﬁcant
Not signiﬁcant
740
P <0.0001

DSE is a valuable test in predicting all-cause mortality,
cardiac death, and hard cardiac events, even at very longterm follow-up. The long-lasting follow-up of this study is
unique and reinforces the ﬁnding from shorter follow-up
studies that stress echo is a powerful prognostic test.
There seems to be a “warranty period” of approximately
7 years after which a DSE start to lose its ability to further
discriminate between a normal and abnormal DSE.
This study has some limitations. First, because of the
clinical factors leading patients to be referred for DSE at the
time of initial testing, they are likely to have had increased
risk for adverse events with a worse prognosis than a general
population. This may limit application of the present ﬁndings to patients suspected for CAD in general. Furthermore,
left ventricular ejection fraction was not available in all
patients because it was only measured on indication and
could therefore not be used in the analysis.

3.

4.

5.

6.

7.

Disclosures
The authors have no conﬂicts of interest to disclose.
8.
1. Mathias W, Arruda A, Santos FC, Arruda AL, Mattos E, Osório A,
Campos O, Gil M, Andrade JL, Carvalho AC. Safety of dobutamineatropine stress echocardiography: a prospective experience of 4,033
consecutive studies. J Am Soc Echocardiogr 1999;12:785e791.
2. Biagini E, Elhendy A, Schinkel AF, Rizzello V, Bax JJ, Sozzi FB,
Kertai MD, van Domburg RT, Krenning BJ, Branzi A, Rapezzi C,

Simoons ML, Poldermans D. Long-term prediction of mortality in
elderly persons by dobutamine stress echocardiography. J Gerontol A
Biol Sci Med Sci 2005;60:1333e1338.
Yao SS, Wever-Pinzon O, Zhang X, Bangalore S, Chaudhry FA.
Prognostic value of stress echocardiogram in patients with angiographically signiﬁcant coronary artery disease. Am J Cardiol 2012;109:
153e158.
Sozzi FB, Elhendy A, Roelandt JR, van Domburg RT, Schinkel AF,
Vourvouri EC, Bax JJ, De Sutter J, Borghetti A, Poldermans D.
Prognostic value of dobutamine stress echocardiography in patients
with diabetes. Diabetes Care 2003;26:1074e1078.
van der Sijde JN, Boiten HJ, Sozzi FB, Elhendy A, van Domburg RT,
Schinkel AF. Long-term prognostic value of dobutamine stress echocardiography in diabetic patients with limited exercise capability: a
13-year follow-up study. Diabetes Care 2012;35:634e639.
Bangalore S, Yao SS, Puthumana J, Chaudhry FA. Incremental prognostic value of stress echocardiography over clinical and stress electrocardiographic variables in patients with prior myocardial infarction:
“warranty time” of a normal stress echocardiogram. Echocardiography
2006;23:455e464.
From AM, Kane G, Bruce C, Pellikka PA, Scott C, McCully RB.
Characteristics and outcomes of patients with abnormal stress echocardiograms and angiographically mild coronary artery disease (<50%
stenoses) or normal coronary arteries. J Am Soc Echocardiogr 2010;23:
207e214.
Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj A,
Bugiardini R, Crea F, Cuisset T, Di Mario C, Ferreira JR, Gersh BJ,
Gitt AK, Hulot JS, Marx N, Opie LH, Pﬁsterer M, Prescott E,
Ruschitzka F, Sabaté M, Senior R, Taggart DP, van der Wall EE, Vrints CJ,
Zamorano JL, Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C,
Erol C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J,
Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Piepoli MF,

Coronary Artery Disease/Long-Term Follow-Up of DSE

9.

10.
11.

12.

13.

14.

15.
16.

17.

Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki A, Wijns W,
Windecker S, Valgimigli M, Claeys MJ, Donner-Banzhoff N, Frank H,
Funck-Brentano C, Gaemperli O, Gonzalez-Juanatey JR, Hamilos M,
Husted S, James SK, Kervinen K, Kristensen SD, Maggioni AP, Pries AR,
Romeo F, Rydén L, Simoons ML, Steg PG, Timmis A, Yildirir A;
Task Force Members, (CPG) ESC Committee for Practice Guidelines,
Document Reviewers. 2013 ESC guidelines on the management of stable
coronary artery disease: the Task Force on the management of stable
coronary artery disease of the European Society of Cardiology. Eur Heart J
2013;34:2949e3003.
Poldermans D, Fioretti PM, Boersma E, Bax JJ, Thomson IR,
Roelandt JR, Simoons ML. Long-term prognostic value of dobutamineatropine stress echocardiography in 1737 patients with known or suspected coronary artery disease: a single-center experience. Circulation
1999;99:757e762.
Goodyear MD, Krleza-Jeric K, Lemmens T. The Declaration of Helsinki. BMJ 2007;335:624e625.
McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M,
Dickstein K, Falk V, Filippatos G, Fonseca C, Gomez-Sanchez MA,
Jaarsma T, Køber L, Lip GY, Maggioni AP, Parkhomenko A,
Pieske BM, Popescu BA, Rønnevik PK, Rutten FH, Schwitter J,
Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zeiher A;
ESC Committee for Practice Guidelines. ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure 2012: the
Task Force for the Diagnosis and Treatment of Acute and Chronic
Heart Failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the ESC.
Eur Heart J 2012;33:1787e1847.
Arnese M, Fioretti PM, Cornel JH, Postma-Tjoa J, Reijs AE,
Roelandt JR. Akinesis becoming dyskinesis during high-dose dobutamine stress echocardiography: a marker of myocardial ischemia or a
mechanical phenomenon? Am J Cardiol 1994;73:896e899.
Sicari R, Pasanisi E, Venneri L, Landi P, Cortigiani L, Picano E; Echo
Persantine International Cooperative (EPIC) Study Group; Echo
Dobutamine International Cooperative (EDIC) Study Group. Stress
echo results predict mortality: a large-scale multicenter prospective
international study. J Am Coll Cardiol 2003;41:589e595.
Pingitore A, Picano E, Varga A, Gigli G, Cortigiani L, Previtali M,
Minardi G, Colosso MQ, Lowenstein J, Mathias W, Landi P. Prognostic value of pharmacological stress echocardiography in patients
with known or suspected coronary artery disease: a prospective, largescale, multicenter, head-to-head comparison between dipyridamole and
dobutamine test. Echo-Persantine International Cooperative (EPIC) and
Echo-Dobutamine International Cooperative (EDIC) Study Groups.
J Am Coll Cardiol 1999;34:1769e1777.
Marwick TH, Case C, Sawada S, Rimmerman C, Brenneman P,
Kovacs R, Short L, Lauer M. Prediction of mortality using dobutamine
echocardiography. J Am Coll Cardiol 2001;37:754e760.
Innocenti F, Caldi F, Tassinari I, Agresti C, Burgisser C,
Fattirolli F, Baldereschi GJ, Marchionni N, Masotti G, Pini R.
Prognostic value of exercise stress test and dobutamine stress echo
in patients with known coronary artery disease. Echocardiography
2009;26:1e9.
Chaowalit N, McCully RB, Callahan MJ, Mookadam F, Bailey KR,
Pellikka PA. Outcomes after normal dobutamine stress echocardiography and predictors of adverse events: long-term follow-up of 3014
patients. Eur Heart J 2006;27:3039e3044.

1083

18. Shaw LJ, Eagle KA, Gersh BJ, Miller DD. Meta-analysis of intravenous dipyridamole-thallium-201 imaging (1985 to 1994) and dobutamine echocardiography (1991 to 1994) for risk stratiﬁcation before
vascular surgery. J Am Coll Cardiol 1996;27:787e798.
19. EUROASPIRE I and II Group; European Action on Secondary Prevention by Intervention to Reduce Events. Clinical reality of coronary
prevention guidelines: a comparison of EUROASPIRE I and II in nine
countries. EUROASPIRE I and II Group. European Action on Secondary Prevention by Intervention to Reduce Events. Lancet 2001;357:
995e1001.
20. Simoons ML, Windecker S. Controversies in cardiovascular medicine:
chronic stable coronary artery disease: drugs vs. revascularization. Eur
Heart J 2010;31:530e541.
21. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ,
Knudtson M, Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L,
Gosselin G, Nawaz S, Title LM, Gau G, Blaustein AS, Booth DC,
Bates ER, Spertus JA, Berman DS, Mancini GB, Weintraub WS,
Group CTR. Optimal medical therapy with or without PCI for stable
coronary disease. N Engl J Med 2007;356:1503e1516.
22. Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP,
Douglas PS, Foody JM, Gerber TC, Hinderliter AL, King SB,
Kligﬁeld PD, Krumholz HM, Kwong RY, Lim MJ, Linderbaum JA,
Mack MJ, Munger MA, Prager RL, Sabik JF, Shaw LJ, Sikkema JD,
Smith CR, Smith SC, Spertus JA, Williams SV; American College of
Cardiology Foundation; American Heart Association Task Force on
Practice Guidelines; American College of Physicians; American Association for Thoracic Surgery; Preventive Cardiovascular Nurses
Association; Society for Cardiovascular Angiography and Interventions; Society of Thoracic Surgeons. 2012 ACCF/AHA/ACP/
AATS/PCNA/SCAI/STS guideline for the diagnosis and management
of patients with stable ischemic heart disease: a report of the American
College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines, and the American College of Physicians,
American Association for Thoracic Surgery, Preventive Cardiovascular
Nurses Association, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol
2012;60:e44ee164.
23. Douglas PS, Khandheria B, Stainback RF, Weissman NJ, Peterson ED,
Hendel RC, Blaivas M, Des Prez RD, Gillam LD, Golash T,
Hiratzka LF, Kussmaul WG, Labovitz AJ, Lindenfeld J, Masoudi FA,
Mayo PH, Porembka D, Spertus JA, Wann LS, Wiegers SE,
Brindis RG, Patel MR, Wolk MJ, Allen JM; American College of
Cardiology Foundation; American Society of Echocardiography;
American College of Emergency Physicians; American Heart Association; American Society of Nuclear Cardiology; Society for Cardiovascular Angiography and Interventions; Society of Cardiovascular
Computed Tomography; Society for Cardiovascular Magnetic Resonance. ACCF/ASE/ACEP/AHA/ASNC/SCAI/SCCT/SCMR 2008
appropriateness criteria for stress echocardiography: a report of the
American College of Cardiology foundation appropriateness criteria
Task Force, American Society of Echocardiography, American College
of Emergency Physicians, American Heart Association, American
Society of Nuclear Cardiology, Society for Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed Tomography, and Society for Cardiovascular Magnetic Resonance
endorsed by the Heart Rhythm Society and the Society of Critical Care
Medicine. J Am Coll Cardiol 2008;51:1127e1147.

