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Abstract
Stress Echocardiography is an established technique used all over the world as a non invasive
evaluation of patients with coronary artery disease (CAD) and also an important method to evaluate
myocardial viability and the contractile reserve.
Myocardial contrast echocardiography (MCE) is a well-defined technique to improve delineation of
the endocardic borders. It has been increasingly used for the assessment of myocardial perfusion, due
to the development of techniques which proportionate simultaneous analysis of myocardial perfusion
and function in real-time, it also increases the sensitivity of stress testing for the detection of CAD and it
distinguishes between stunned and infarcted myocardium after acute ischemia.
The development of new techniques as strain, strain rate, speckle tracking, real time three dimensional,
tissue Doppler, second harmonic image and the use of new contrast agents, associated with digital image
development brings new lights about stress and contrast echocardiograph and expands its potential use
to evaluate CAD. Coronary disease is the main cause of morbidity and mortality in the ocidental world and,
according to World Health Organization, it will be the main cause of death throughout the world in the near
future. Therefore, in this review, we present the actual level of development of these important techniques
in the setting of the CAD.

Introduction

myocardial infarct and also to evaluate myocardial viability

The assessment of myocardial perfusion by echocardiography
following intravenous injection of ultrasound contrast agents
has proved to be feasible [1]. Low-mechanical index imaging
techniques that cause minimal microbubble destruction let
simultaneous analysis of myocardial perfusion and function in
real-time [2]. Real-time myocardial contrast echocardiography
(RTMCE) increases the sensitivity of Dobutamine stress testing
for the detection of CAD [3] and can distinguish between
stunned and infarcted myocardium after acute ischemia [4].

reserve detection can be utilized to predict myocardial regional

The Dobutamine-Atropine Stress Echo (DASE) is a wellestablished method to noninvasive evaluation of the patients
with known or suspected CAD. The ischemic myocardium
evaluation is based on the detection of reduction of the systolic
myocardium thickness by two-dimensional echocardiography.
Those changes are induced by the balance between offer and
consumption of oxygen during stress by Dobutamine. Metaanalysis studies have demonstrated that both DASE and
myocardial contrast perfusion stress echocardiography are a
clinical tool for the detection of CAD [5].
The importance of Dobutamine stress echocardiography
(DSE) is well gathered in the risk stratification after acute

in patients with ischemic cardiomiopathy. The contractile
function recovery in patients with chronic CAD. The method
above is more specific to evaluate functional recovery after
procedures of surgical revascularization than the methods
which analyze the presence of viability by the metabolic
integrity of myocardial cell, as scintigraphy by
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positron emission tomography. In patients with severe reduced
ventricular function at rest, the demonstration of contractile
reserve by DSE is associated with the reduction in the mortality
level when the patients are subjected to bypass surgery.
One of the limitations of the DASE is the necessity of
an adequate visualization and delineation of endocardium
borders to detect transitory alterations and, sometimes, mild
myocardial mobility. The inadequate delineation of the left
ventricular endocardium border is a possible cause of false
result, and improve the variability intra and inter observer
in the exam analysis. New technological advances as tissue
Doppler, second harmonic image and the utilization of contrast
agents, associated with digital image development, has made
stress echocardiography a method with high practicality and
reproducibility to CAD evaluation in many situations [6, 7].
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Pharmacological considerations and physiological basis
to detection of ischemia by dobutamine-atropine stress
echocardiography
Among the pharmacological agents used to induce stress,
Dobutamine is the most utilized in the clinical practice to
evaluate ischemia and myocardial viability. Dobutamine is a
catecholamine with half-life between two and three minutes,
that present good tolerance and, because its positive inotropism
and chronotropic effect, may cause increment in the oxygen
consumption by the myocardium [8].
Although cardiovascular stress testing does not define the
degree of coronary stenosis, it determines the physiological
importance of a particular blood flow obstruction. Reduction
in the coronary flow cause myocardial ischemia because the
imbalance between the consumption and supply of oxygen [9].
The myocardial ischemia occurring in areas addressed by
an artery with significant narrowing degree obey a sequence of
events known as ischemic cascade. The reduction or absence of
myocardial thickening systolic expressed by segmental motility
alterations are an early phenomenon sensitive and specific to
ischemia [10]. The global and regional left ventricular function
evaluation by echocardiography during stress allows not only
the diagnosis, but also the determination of severity and extent
of myocardial ischemia. Moreover, the echocardiography is able
to identify, by analysis of the various myocardial segments,
coronary artery ischemic area-related and new resources as
Speckle tracking echocardiography (STE) that is a method of
quantitative assessment of myocardial function complementary
to ejection fraction (EF) and visual evaluation. Standard STE
analysis, demands manual tracing of the myocardium whereas
automated function imaging (AFI) offers more convenient
(based on selection of three points) assessment of longitudinal
strain. Both methods provided good and similar feasibility with
only 1% segments excluded from analysis at peak stage of DSE
with shorter time and lower coefficient of variance offered by
AFI. Global and regional longitudinal strain achieved by faster
and less operator-dependent AFI method correlate well with
standard more time-consuming STE analysis during baseline
and peak stage of DSE [11].

Evolution of the echocardiography protocols under
stress by dobutamine-atropine
The conventional Protocol consists of intravenous infusion
of D obutamine started in dose of 5 mg/kg/min and increased
to 10, 20, 30 and 40 μg/Kg/min in three stages minutes [12].
Diagnostic endpoints of the test are: positive echocardiogram
(new onset wall motion abnormalities or worsening of
baseline

dissinergy);

achievement

of

85%

of

maximal

predicted heart rate (220 - age); severe chest pain and/or
diagnostic ST-segment changes. The test is stopped without
diagnostic endpoints for: Intolerable symptoms; hypertension;
hypotension; supraventricular arrhythmias (supraventricular
tachycardia or atrial fibrillation); or ventricular arrhythmias
(ventricular tachycardia; frequent, polymorphous, premature
ventricular beats) [13].

Over the years, some modifications have been made in DSE
protocols. An early atropine administration during the DSE has
been proposed to reduce the test duration [14]. Tsutsui et al.
[15], evaluated the safety, efficacy and diagnostic accuracy of
the early injection of atropine in a larger number of patients (n
= 1664), compared with the conventional protocol (n = 3163).
The early atropine protocol proposed consisted in beginning
atropine injection in the dose of 20 μg/Kg/min of Dobutamine.
The incidence of serious adverse effect was similar in both
protocols (0.3% versus 0.4%; p = NS). The sensitivity, specificity
and accuracy of the early atropine injection to CAD detection
was 83%, 89%, and 86%, respectively, and conventional
protocol were 85%, 77% and 82% (p = NS between the groups).
The authors concluded that early atropine injection is a safe
and effective alternative to conventional protocol, keeping
similar diagnostic accuracy to CAD detection. The early atropine
administration safety during DASE also was confirmed in a
population of elderly patients (≥ 70 years old) [16].
Another modification in the conventional Dobutamineatropine protocol proposed by Mathias et al. [17], is metoprolol
injection in bolus at stress peak, to increase diagnostic accuracy
of the exam. This modification consists in the injection of 5 mg
of metoprolol in a 1 minute at the stress peak. When the heart
rate is below 100 beats per minute or at most within 3 minutes
after an injection of metoprolol the post-metolol images are
acquired.

Technical aspects and interpretation of the images
As criteria of myocardial ischemia and viability are based in
the detection of myocardial segmental alterations, a complete
visualization of all the walls of the left ventricle is necessary to
document or delete reliable abnormalities.
By use potentially ischemia stimuli, the tests should be
performed in environments specially adapted for a possible
procedure of cardio-respiratory reanimation and others
possible complications. The patients should be fasting for
a period of four hours. Generally are acquired and stored in
quadruple screen format in the axis paraesternal longitudinal,
paraesternal transverse, apical four chambers and apical two
chambers (Figure 1). The images are acquired in basal state,
with low dose of Dobutamine, stress peak, and at the stage of
recovery. In the presence of alterations in segmental motility the
images must be registered in order to allow the documentation
of the presence, location, extent and duration of dysinergy. A
12 lead electrocardiogram must be done in basal state and in
the end of each stage. A lead of the electrocardiogram should
be monitored continuously by echocardiography apparatus
to provide a constant reference to the operator to observe ST
segment changes and presence of arrhythmias. The blood
pressure is measured by sphygmomanometer in rest conditions
and end of each stage.
By the years, different schemes of left ventricle segmentation
were proposed to represent the myocardium distribution
of major coronary artery territories. The most used so far in
the literature was recommended by the American Society
of Echocardiography in 1989 [18], defining 16 myocardial
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The addition of atropine to DSE increases the diagnostic
accuracy and reduces the percentage of ineffective tests,
especially in patients using beta-blockers [22]. These findings
were also supported by Pingitore et al., in international
multicenter studies EPIC (Echo Presenting International
Cooperative

Study)

[23]

and

EDIC

(Echo

Dobutamine

International Cooperative Study) [24]. Mathias et al. [25],
showed that DASE is a secure and accurate method to
diagnostic CAD in patients with or without previous alterations
of ventricular motility.
Figure 1: Example of the arrangement of quadruple screen images at rest show-ing
the four default echocardiographic plans usually acquired during the Dobu-tamineatropine stress echocardiography.

Tsutui et al. [26] showed that although a new protocol of
dobutamine stress echocardiography with the early injection
of atropine (EA-DSE) has been demonstrated to be useful in
reducing adverse effects and increasing the number of effective

segments. However, a new segmentation including 17 segments
were proposed, due to the advent of contrast echocardiography
and the need for standardization of segmentation not only by
echocardiography, but also for other methods of image, such as
myocardium scintigraphy and positron emission tomography
[19]. For semi quantitative assessment of segmental motility,
scores are given to each of the left ventricle segments, based
on evaluation of the endocardium thickening and in the
degree of wall contraction, being the value 1 given to normal
segments, value 2 to hypokinetic, value 3 to akinetic and value
4 to dyskinetics, in all stages of the test. The score index of
segmental motility is obtained by the sum of the scores given
to every one of left ventricle segments divided by the number
of segments analyzed.

tests and to have similar accuracy for detecting coronary artery

The test must be interpreted as positive whenever the
presence of ischemia appears, in the form of new alteration
during stress in the left ventricle segmental motility, which
are expressed by augment in the score of more than one
segment of the LV at least a point. When changes already
exists in segmental motility at rest the test, it is considered
positive if there are deterioration of motility compared to the
pre-existing, or when changes of the left ventricle presenting
at rest improves with low doses drug and later worsens with
high doses, indicating viability and myocardial ischemia,
respectively. Viability assessment is made by demonstrating
improvement in the myocardium motility with low doses of
Dobutamine, and this response can occur at higher doses,
especially in patients using beta-blockers.

independent predictors of events were male gender (relative

Diagnostic value and prognosis of dobutamine-atropine
stress echocardiography
When compared the physical stress testing with DASE, the
later has increased sensitivity and shown greater specificity for
the diagnosis of CAD.
Many studies in literature have compared the diagnostic
accuracy of different types of stress echocardiography [20,21].
While the DSE and by physical stress presents similar
diagnostic accuracy, the dipyridamole stress echocardiography
seems to present a somewhat diagnostic smaller, and this
difference can be attributed a lower sensitivity of dipyridamole
in the identification of uni arterial disease (38% to dipyridamole,
70% for physical test and 61% to Dobutamine).

disease (CAD) compared with conventional protocols, no data
exist regarding its ability to predict long-term events. The aim
of this study was to determine the prognostic value of EA-DSE
and the effects of the long-term use of beta blockers on it. A
retrospective evaluation of 844 patients who underwent EA-DSE
for known or suspected CAD was performed; 309 (37%) were
receiving beta blockers. During a median follow-up period of
24 months, 102 events (12%) occurred. On univariate analysis,
predictors of events were the ejection fraction (p <0.001), male
gender (p <0.001), previous myocardial infarction (p <0.001),
angiotensin-converting enzyme inhibitor therapy (p = 0.021),
calcium channel blocker therapy (p = 0.034), and abnormal
results on EA-DSE (p <0.001). On multivariate analysis, the
risk [RR] 1.78, 95% confidence interval [CI] 1.13 to 2.81, p =
0.013) and abnormal results on EA-DSE (RR 4.45, 95% CI
2.84 to 7.01, p <0.0001). Normal results on EA-DSE with beta
blockers were associated with a nonsignificant higher incidence
of events than normal results on EA-DSE without beta blockers
(RR 1.29, 95% CI 0.58 to 2.87, p = 0.54). Abnormal results on
EA-DSE with beta blockers had an RR of 4.97 (95% CI 2.79 to
8.87, p <0.001) compared with normal results, while abnormal
results on EA-DSE without beta blockers had an RR of 5.96
(95% CI 3.41 to 10.44, p <0.001) for events, with no difference
between groups (p = 0.36). In conclusion, the detection of fixed
or inducible wall motion abnormalities during EA-DSE was an
independent predictor of long-term events in patients with
known or suspected CAD. The prognostic value of EA-DSE was
not affected by the long-term use of beta blockers.
Myocardial deformation index is considered a sensitive
marker of ischemia and may be useful in the quantification of
hemodynamic significance of CAD. Some studies determined
the diagnostic value of speckle-tracking echocardiography
in derived myocardial deformation parameters at rest and
during stress, can evaluate hemodynamically significance in
coronary artery stenosis on those patients with moderate and
high probability of CAD. Also, it showed that left ventricular
strain and strain rate analyses during DSE can be used in the
assessment of hemodynamic significance in coronary artery
stenosis, with patients that have moderate and high risk for
CAD, with good accuracy [27,28].
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One the strategies proposed by Mathias et al. [17], to
improve DASE sensitivity was the rapid injection of metoprolol
in the stress peak with acquisition of post-metoprolol images
in maximum range of three minutes. After metoprolol injection,
occurred improvement in both sensitivity and accuracy.

with normal WM; patients with both reversible WM and MP
abnormalities have the worst outcome.

Multiple factors can lead to a decrease in the definition
of the endocardium borders mainly in the stress peak. An
important technological advanced introduced was tissue
harmonic image (THI) [29], that brings significant benefits of
reproducibility and exequibility of the stress echocardiography
[30]. Harmonic imaging, in which a pulse is transmitted at one
frequency and received at twice the transmitted frequency,
was originally developed to detect the nonlinear vibrations of
ultrasound contrast microbubbles. Early in contrast imaging,
however, researchers noticed that the images acquired prior
to the arrival of the contrast had better image quality than
those made at the fundamental, even at the higher frequency.
It had long been know that sound propagating through tissue
created harmonics of its center frequency. Tissue is generally
considered to be incompressible and the speed of sound
independent of pressure. However, at high acoustic amplitudes,
sound speed is slightly higher than at ambient pressure and the
peak of the sound wave actually travels faster than the local
sound speed. Conversely, in the trough, the speed of sound
is slower. This leads to peaking of the sound wave, and the
creation of harmonics [31]. The other aspect of THI that has
an even more dramatic effect on image quality is its ability
to reduce artefacts from shallow structures. Acquisition of
ultrasound images are often between ribs, or through surface
fat layers. Ribs and fat layers produce distortions, reflections
and reverberations that can lead to a near-field haze often seen
in fundamental imaging. THI reduces this problem because
the imaging beam is not created at the skin surface but by the
propagating wave, and therefore does not even exist in the first
couple of centimetres [32]. Another important contribution to
improve the quality of images during stress echocardiography
was the use of contrast agents based in microbubbles.

and specificity, and is more accurate than ECG, Treadmil Test

Diagnostic value and prognosis of dipyridamole stress
echocardiography
The addition of myocardial perfusion (MP) imaging during
dipyridamole real time contrast echocardiography (DipRCE)
improves the sensitivity to detect coronary artery disease,
but its prognostic value to predict hard cardiac events in large
numbers of patients with known or suspected CAD remains
unknown.
Gaibazzi et al. [33], studied 1252 patients with DipRCE and
followed them for a median of 25 months. The prognostic
value of MP imaging regarding death and nonfatal myocardial
infarction was determined and related to wall motion (WM),
clinical risk factors and rest ejection fraction using Cox
proportional-hazards models, C index and risk reclassification
analysis. A total of 59 hard events (4.7%) occurred during the
follow up (24 deaths, 35 myocardial infarctions). The 2-year
event-free survival was 97.9% in patients with normal MP
and WM, independent, known or suspected CAD. Patients
with normal MP responses have better outcome than patients

Physical stress echocardiography
Physical stress echocardiography (PSE) has high sensitivity
and resting echocardiography in the detection of CAD [34]. LV
WMA detected by PSE occur earlier than angina or ST-segment
abnormalities [34]. Additionally, PSE also has an additional
value in the location and quantification of myocardial ischemia
as well as in the prediction of adverse events in patients
with established CAD [34]. PSE presents high sensitivity and
specificity to detect myocardial ischemia [35] both in patients
without a history of prior intervention and in those previously
submitted to percutaneous coronary intervention or coronary
artery bypass graft surgery [35]. Detection of ischemia with
exercise electrocardiographic testing is limited in patients
with left bundle bunch block. PSE also face some limitations in
these patients because of the paradoxical motion of the interventricular septum [36]. The prognostic accuracy of myocardial
perfusion and stress echocardiography appeared similar. PSE
provides significant information for predicting outcome in
patients with LVSD and known/suspected coronary artery
disease [37]. PSE proved to be a safe modality of stress, with
non-fatal complications only. Advanced age and enlargement
of the left atrium are predictive of cardiac arrhythmias [38].
Another advantage of PSE is the radiation-free nature.

Role of the stress echocardiography in risk stratification
after acute myocardial Infarct
The echocardiography at rest and during stress provides
a variety of information’s about the left ventricular function,
myocardial viability and presence of ischemia, with important
therapeutic implications and prognostic after myocardial
acute infarct. The GISSI study [39] showed that left ventricle
function is one of the main predictors of cardiac mortality after
myocardial acute infarction, with larger increments mortality
associated with the progressive reduction of ventricular
ejection fraction. News parameters reflecting left ventricular
(LV) function as strain and strain rate provide strong prognostic
information in patients after AMI. These parameters were
superior to EF and WM in the risk stratification for long-term
outcome [40].
There are landmarks studies in literature demonstrating
the effectiveness of prognostic stratification with stress
echocardiography by dipyridamole and Dobutamine in different
subsets of patients after acute myocardial infarct as the EPIC
and EDIC study [41].

Echocardiography evaluation of myocardial viability
The contractile improvement that occurs during stress
reflects the functional cellular contractile mechanism. A
simple echocardiographic analysis at rest provides information
about the myocardial viability. Pierard, et al. [42]. Showed
the identification of viable myocardium by echocardiography
with low doses of Dobutamine in patients in the post-acute
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myocardial infarct subjected to thrombolytic therapy, showing
good correlation with the positron emission tomography. MCE

New advances in DASE and contrast echocardiography

was a powerful predictor of mortality in patients with heart

The tissue Doppler is better for quantification of the

failure to evaluate patients with depressed ventricular function

myocardium flow at rest and during stress, with most studies

at rest, myocardium viability, ischemia and coronary flow

suggesting an increase in sensitivity in detecting ischemia

reserve [43].

use in Echocardiographic Laboratories is still limited, and

The Dobutamine inotropic response expresses the quantity
of myocardial viable, and usually correlates with the recovery
of function after restoration of blood flow by coronary
revascularization. The inotropic positive response to viable
myocardium generally occurs with doses of 5 to 10 g.Kg-1.min-1
of Dobutamine, however, the administration of higher doses
are recommended, since the test being well tolerated by the
patient.
The echocardiography has an important role in the
evaluation of surgical indication in patients with chronic CAD
and myocardial dysfunction, providing not only prognostic data
based in the analysis of left ventricular function at rest, but
also to evaluate the capacity of functional recovery detecting
the presence of viability and myocardial ischemia.

compare

the

value

of

Dobutamine

studies involving more number of patients are still required to
consolidate the technique.
The contrast echocardiography is gaining space. The
contrast agents are solutions that contains gas microbubbles
with the blood cells size, whose interface with the liquid ambient
is highly refractional, improving the echocardiographic signal
where they are [46].
The

microbubbles

more

utilized

are

formed

by

perfluorocarbons and have enough stability to when injected
by peripheral intravenous vein cross the pulmonary barriers
and contrast left cardiac cavities and coronary circulation [47].
The echocardiographic contrast let a better definition
of the endocardium borders, allowing an assessment more

Comparation between echocardiography versus cardiac magnetic resonance
To

when compared to visual analysis [45]. However, its routine

stress

echocardiography (DSE) with that provided by Dobutamine
Cardiac Magnetic Resonance (DCMR) for the non-invasive risk
stratification of patients with suspected or known coronary

adequate of the parietal myocardial thickness and the global
and segmental left ventricle contractile function, at rest and
under stress.
The microbubbles have the feature to expand and collapse
in a non-uniform way in the ultrasound presence, generating
signals that contain multiple frequencies of the original
frequencies (harmonics). The probes with second harmonic,

artery disease (CAD) Bikiri et al. [44], included in a study

transmit the echocardiographic signal in one frequency and

patients with suspected or known CAD underwent either DSE or

receive signals with the frequency emitted and signals with

DCMR using the same standardized protocol. Patient matching

second harmonic, produced by microbubbles. This technique

was then performed retrospectively for age, gender and risk

improves the definition of the endocardial borders, especially

factors. Outcome data including cardiac death and non-fatal

in cases with inadequate acoustic windows, even without

myocardial infarction (defined as hard cardiac events) and

the use of echocardiographic contrast. The association of the

‘late’ revascularization performed >90 days after the diagnostic

contrast agents has additional benefits to the use of second

procedures were collected during at least 6 months. Follow-up

harmonic image during the stress echocardiograph.

data were available in 1852 patients who completed either DSE
(n = 884) or DCMR (n = 884) during a mean follow-up duration
of 4.1 ± 2.4 and 3.9 ± 1.9 years, respectively (p = NS). Matched
patients exhibited an overall high risk profile (69 ± 9 years;
69% male, 70% history of CAD and 26% diabetes mellitus in
both groups). Using multivariable analysis, both modalities
successfully identified patients with inducible ischemia at
higher risk for subsequent hard cardiac events, surpassing

The use of contrast agents during pharmacological stress
echocardiography showed benefits to improve endocardial
delineation

utilizing

only

fundamental

image

or

when

associated to harmonic image. The American Society of
Echocardiography recommends the use of contrast agents
during stress echocardiography when at least two myocardial
segments are not adequate visualized in any apical axis [48].

the value of conventional risk factors like age, male gender

In patients with multivessel disease and balanced ischemia,

and diabetes (HR = 9.2; 95%CI = 5.6–14.9 for DCMR versus

the addition of contrast with myocardial perfusion assessment,

2.5; 95%CI = 1.7–3.7 for DSE). By testing for interaction the

is not only able to overcome the limitation of false negative

predictive capacity of DCMR was higher than that provided by

rate on a per-patient basis, but may also depict multivessel

DSE (p = 0.02). Patients with negative DCMR exhibited lower

myocardial perfusion defects more efficiently than others

event rates compared to those with negative DSE (annual

techniques, thanks to high spatial resolution. Myocardial

hard cardiac event rate of 0.8% versus 3.2%, p = 0.002). DSE

perfusion assessment during MCE, although not always

& DCMR aid the risk stratification of CAD patients. However,

technically feasible, has a very high spatial and temporal

inducible WMA during DCMR are associated with a higher risk

resolution which can easily demonstrate multivessel sub

for subsequent cardiac events. Patients with negative DCMR on

endocardial perfusion defects during maximal vasodilation

the other hand, exhibited a lower event rate compared to those

[49]. Porter et al [2]. Showed that the analysis of myocardial

with negative DSE.

perfusion in real-time associated with DSE improved the
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sensitivity to CAD detection. In this study, the overall
concordance between the analysis of myocardial perfusion and
quantitative angiography was of 83% (k = 0.65), meanwhile
the concordance between the analysis of segmental motility
and quantitative angiography was of 72% (p = 0.07).
Tsutsui et al., evaluated the exequibility, safety and
diagnostic accuracy of the DASE with simultaneous analysis of
the segmental motility and myocardial perfusion utilizing realtime image, in a large number of patients [50]. The authors
showed that the use of echocardiographic contrast allow an
adequate assessment of the myocardial perfusion without any
increase in the incidence of side effects when compared to
the conventional protocol. The myocardial perfusion analysis
presented good accuracy for CAD detection (Figure 2) and
showed an independent predictor to cardiac events.
The dynamic of reperfusion of the myocardial contrast
in real-time allow the quantification of the myocardial flow,

Figure 2: Sample of real-time contrast echocardiography in a patient admitted to
the emergency room with suspected acute coronary syndrome. The panels left
show normal homogeneous perfusion at rest, seen in the apical three chambers
view (A3C) and four chambers (A4C). In the Dobutamine-stress peak we can
observe the defect of myocar-dial perfusion in the posterior wall (A3C Peak) and
in the apical portion of the septum (A4C Peak). The coronary angiogram showed
significant lesion in the left anterior de-scending coronary artery and in the
circumflex artery (arrows, right panel). Played with permission from: Tsutsui JM,
et al. Echocardiography 2005; 22:487-95.

when used contrast continuous infusion. The myocardial flow
can be quantified using mathematical models that utilizes
parameters of the plateau intensity and the mean velocity of
the microcirculation replenishment by the microbubbles [1].
The replenishment of the microbubbles in the myocardium
related to time can be measured by the augment in the acoustic
intensity to each frame of the image sequence after the
complete destruction of the microbubbles in the myocardium
by a pulse of high ultrasonic energy (flash echocardiographic),
as exampled in Figure 3. The use of specific computer programs
to quantify myocardial contrast allows the analysis of the image
sequences and quantification of the regional myocardial flow,
such as at rest how after the cardiovascular stress induction,
thus providing the myocardial flow reserve quantification.
Kowatsch I et al. [51], have studied the value of quantitative
analysis of the myocardium perfusion to CAD detection during
DASE and by adenosine. The authors showed that the reserve
of velocity of the myocardial flow obtained by DASE realtime perfusion image presented similar accuracy to adenosine
stress to CAD detection (accuracy of 80% to both pharmacies).
Interestingly, the quantitative analysis of the myocardial
perfusion during DASE presented additional value to CAD in
relation to the examination of the 12 leads electrocardiogram,

Figure 3: Real-time myocardial perfusion echocardiography images showing
normal homogenous perfusion at baseline (left), inducible perfusion defect in
left ventricular apex during adenosine stress (arrows) (middle), and extension of
perfusion defect to inferior septum (subendocardium) and anterolateral wall at
peak Dobutamine stress (ar-rows) (right). Wall-motion abnormality was observed
only during Dobutamine stress. Bottom, Corresponding exponential fitted timeacoustic intensity curves obtained at each stage in apex (red line) and in basal
segment of inferior septum (blue line). During adenosine stress _ reserve in apex
was 0.9 and An__ reserve was 1.2, whereas in basal segment of inferior septum
they were higher (3.2 and 4.3, respectively). Dobutamine stress resulted in _
reserve of 0.6 and An__ of 0.4 in apex, whereas in basal segment of inferior septum
they were 2.8 and 2.9, respectively. Quantitative coronary angiography revealed
a 95% stenosis in midleft anterior descending coronary artery. Reproduced with
permission: Kowastch I, et al. J Am Soc Echocardiograph 2007;20:1109-17.

the segmental motility analysis and qualitative myocardial
perfusion analysis (Figure 3). While the microbubbles improve

Echocardiographic strain and strain rate imaging

definition of the endocardial borders, mostly contribution to
stress echocardiography is the potential to allow detecting

Echocardiographic strain and strain rate imaging is

of

a technology enabling more reliable and comprehensive

contrasts containing microbubbles of smaller diameter and

assessment of myocardial function. The spectrum of potential

greater stability associated with technological advances such

clinical applications is very wide due to its ability to differentiate

as STE may accurately identify early deformation impairment,

between active and passive movement of myocardial segments,

while also being predictive of LV remodeling during follow-up.

to quantify intraventricular dyssynchrony and to evaluate

Some studies suggests that STE is associated with changes in

components of myocardial function, such as longitudinal

LV volume or function regardless of underlying mechanisms

myocardial shortening, that are not visually assessable. The

and deformation direction. Meta-regression demonstrates a

high sensitivity of both Tissue Doppler Imaging (TDI) and

strong association between peak longitudinal systolic strain

two-dimensional speckle tracking derived strain and strain

and adverse remodeling [52].

rate data for the early detection of myocardial dysfunction

changes

of

myocardial

perfusion.

The

development
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recommend

these

non-invasive

diagnostic

methods

for

routine clinical use. In addition to early detection of myocardial
dysfunction of different etiologies, assessment of myocardial
viability, detection of acute allograft rejection after heart
transplantation and early detection of patients with transplant
coronary artery disease, strain and strain rate measurements
are helpful in the selection of different therapies and followup evaluations of myocardial function after different medical
and surgical treatment. Strain and strain rate data also provide
important prognostic information [53].

Tissue doppler-derived strain and strain-rate Imaging
TDI is accepted as a sensitive and sufficiently accurate
echocardiographic tool for quantitative assessment of cardiac
function [54,55]. Several tissue Doppler velocity parameters
appeared to be useful for the diagnosis and prediction of
long-term prognosis in major cardiac diseases [56,57].
Myocardial time-velocity curves can be obtained either online
as spectral pulsed TDI, known as pulsed wave TDI (PWTDI), or reconstructed offline from two-dimensional color
coded TDI images, known as color TDI loops. In addition to
velocity and displacement (tissue tracking) measurements,
due to the relationship between velocity and strain rate, TDI
also allows the reconstruction of strain curves and color coded
images. Thus, the transmural velocity gradient is equal to
the transmural strain rate, whereas the longitudinal velocity
gradient over a segment with a fixed distance is a measure of
longitudinal strain rate. Before the development of color-coded
TDI, it was difficult to distinguish myocardial contraction
from translational motion of the heart. Thus, during systole,
in addition to radial wall thickening and longitudinal wall
shortening, the left ventricle also rotates about its long axis
and translates anteriorly. Calculation of myocardial velocity
gradients allows the assessment of wall motion independently
from the translational motion of the heart [54,58].
Taking into account all the aspects mentioned above it is
not surprising that TDI-derived strain and strain rate (SR)
measurements are not highly reproducible (more than 1015% interobserver variability). However, in the hands of very
experienced and highly trained operators this method can be a
valuable non-invasive tool for routine clinical use to evaluate
the myocardial contractile function. Despite all limitations this
technique has been initially validated with sonomicrometry
and also with magnetic resonance imaging [59,60].

Non-doppler speckle-tracking derived 2d-strain imaging
Non-Doppler two dimensional (2D)-strain imaging derived
from speckle tracking is an echocardiographic technique for
obtaining strain and SR measurements [60,61]. It analyzes
motion by tracking speckles in the 2D ultrasonic image.
These acoustic markers are statistically equally distributed
throughout the myocardium and their size is about 20 to 40
pixels. These markers within the ultrasonic image are tracked
from frame to frame. Special software allows spatial and
temporal image processing with recognition and selection
of such elements on ultrasound images. The geometric shift
of each speckle represents local tissue movement. When

frame rate is known, the change in speckle position allows
determination of its velocity. Thus, the motion pattern
of myocardial tissue is reflected by the motion pattern of
speckles. By tracking these speckles, strain and strain rate can
be calculated. The advantage of this method is that it tracks in
two dimensions, along the direction of the wall, not along the
ultrasound beam, and thus is angle independent [61]. The 2D
echocardiographic loops obtained from paraesternal and apical
views are processed offline. This requires only one cardiac
cycle to be acquired but strain and SR data can be obtained only
with high-resolution image quality at high frame rate [61]. The
necessity of high image quality is a major limitation for routine
clinical applicability in all patients. At present, the optimal
frame rate for speckle-tracking seems to be 50-70 frames per
second (FPS), which is lower compared to TDI (>180 FPS). This
could result in under-sampling, especially in patients with
tachycardia and during strain and SR measurements performed
throughout stress echocardiography. Moreover, rapid events
during the cardiac cycle such as isovolumetric phases may not
appear on images and peak SR values may be reduced due to
under-sampling, in isovolumetric phases and in early diastole.
Using higher frame rates could reduce the under-sampling
problem, but this will result in a reduction of spatial resolution
and consequently less than optimal region of interest (ROI)
tracking [62], Low frame rate increases the spatial resolution,
but because speckle-tracking software uses a frame-by-frame
approach to follow the myocardial movement and searches each
consecutive frame for a speckle pattern closely resembling and
in close proximity to the reference frame, with too low a frame
rate the speckle pattern could be outside the search area, again
resulting in poor tracking [63].
It is also important to know that different tracking
algorithms potentially produce different results and therefore it
should be kept in mind that a periodical update of the software
package conceivably influences reference values.
Although speckle-tracking derived 2D-strain and TDIderived strain calculations do not give the same values
(2D-strain imaging gives lower SR values), strain and SR
measurements obtained by these two different imaging
techniques correlate well [61]. For the LV, the reproducibility
of 2D-strain measurements is better than that of TDI-derived
strain measurements. The intraobserver and inter observer
variability for 2D-strain and SR measurements were found to
be low: 3.6% to 5.3% and 7% to 11.8%, respectively [61] Ingul
et al., found lower interobserver variability for non-Doppler
2D-strain measurements in comparison to TDI-derived
strain measurements and automated non-Doppler 2D-strain
measurements also appeared significantly less time consuming
[64]. The lack of angle dependency is a great advantage of
non-Doppler 2D-strain imaging in comparison to TDI-derived
strain data.

Real time 3-dimensional dobutamine stress echocardiography
Two dimensional contrast-enhanced DSE is used clinically
to diagnose stress-induced wall-motion abnormality (WMA).
Takeushi et al. [65], hypothesized that contrast-enhanced real007
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time 3-dimensional (RT-3DE) DSE could improve the detection
rate of WMA, because from a single full-volume acquisition,
multiple segments can be visualized. They acquired both 2D
and 3D DSE in 78 patients with known or suggested CAD (mean
age: 65 years; 44 men). Dobutamine was infused using a
standard protocol, and atropine added, if required. For 2D DSE,
the intravenous contrast agent was injected at each stage and
images displayed in a quad screen format. For RT-3DE DSE,
contrast harmonic 3D data sets (full volumes) were acquired
at baseline and peak stress. Using custom software, 3 shortaxis views (from apex to base) were created, and wall motion
scored using a wall-motion score index using a 16-segment
model. A positive stress test was defined as new or worsened
WMA or fixed abnormality during stress. In their results Heart
rate increased from 72 +/- 13 to 133 +/- 15/min (86 +/- 11% of
age-predicted). A total of 1248 segments were analyzed at each
stage for both modalities. A single segment at baseline and 5
segments at peak stress could not be assessed with contrast 2D
DSE. In contrast, 88 segments at baseline and 39 segments at
peak stress could not be assessed with contrast RT-3DE DSE.
With RT-3DE DSE, the majority of uninterpretable segments
were in the anterior and lateral walls. Significant correlations
were noted between wall-motion score index by 2D and 3D DSE
at baseline (r = 0.78) and peak stress (r = 0.83). The concordance
rate (positive/negative findings) between modalities was 69%
(54/78) on a patient basis and 88% (206/234) on a perfusion
territory basis. When using 2D DSE results as the gold
standard, sensitivity and specificity for detecting WMA by 3D
DSE was 58% and 75%, respectively. Sensitivity and specificity
values were 67% and 94% for the right coronary artery, 53%
and 81% for the left anterior descending coronary artery, and
88% and 100% for the left circumflex coronary artery territory,
respectively. The authors concluded that Contrast-enhanced
3D DSE was feasible in the majority of patients. However, the
moderate concordance between both modalities was a result
of: (1) difficulties in visualizing the anterolateral segments
because of the relatively large imprint of the transducer; and
(2) lower frame rates with 3D DSE resulting in the erroneous
diagnosis of dyssynchrony.
Aggeli et al. [66], in a study with 56 patients referred for
coronary angiography, were examined by 2DE and RT-3DE
during the same Dobutamine stress protocol showed that
RT-3DE identifies wallmotion abnormalities more readily in
the apical region than 2DE, which may explain the tendency
towards higher sensitivity in the left anterior descending artery
territory. RT-3DE results were validated using angiography as
reference and findings indicate diagnostic equivalence to 2DE,
with the advantage of considerable shorter acquisition times .

Conclusions
Due to the level of sensitivity, specificity, positive
predictive value, negative predictive value and accuracy, stress
echocardiography perhaps has the highest overall utility and is
the most preferred and prescribed modality for the assessment
of CAD. Pharmacologic stress echocardiography and MCE
turn out to be the most cost-effective and risk-effective
modality,

without

significant

environmental/radiation/

bio hazard, with the added advantage of repeatability,
portability, an acceptable learning curve and high level of
safety. Strain, Strain Rate, TDI, RT-3DE, Speckle tracking,
combined MCE and RT-3DE, combined Strain rate and TDI
add newer dimensions and may unleash the full potential
of SE. The use of contrast has broadened the indications for
transthoracic echocardiography and has increased the accuracy
of stress echocardiography, while reducing the number of
patients who cannot be scanned because of a limited acoustic
window. Finally, echocardiography will be seen in the future
not only as a diagnostic tool in those affected by cardiovascular
disease but also as a method for prediction of risk and perhaps
activation of targeted treatment.
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