






The main indications for these techniques have been the recog-
nition and quantification of a global fibrotic process, existing wall
motion abnormalities, and the assessment of myocardial viability.
Diffuse myocardial fibrosis likely contributes to disturbances of
ventricular filling, especially to reduced LV compliance, and may
be present in pressure overload such as aortic stenosis,131 as
well as conditions of disturbed metabolism such as diabetes and
obesity.132 Although identifying the components of myocardial dys-
function (such as fibrosis) is an important step in developing tar-
geted therapy for a multifactorial process such as diastolic

dysfunction, the therapeutic implications of these specific findings
remain undefined.

The recognition of resting wall motion abnormalities due to
focal fibrosis is recognized as one of the most difficult aspects of
echocardiographic interpretation and the component that most
requires training and experience.133

Normal Values: Normal longitudinal systolic strains are of the
order of ≥ 18%, with standard deviations of 2% to 3%.12 A
measurement of ≤12% definitely constitutes an abnormal value.
There are significant variations even between normal segments,

Figure 20 Two-dimensional speckle-tracking echocardiographic image of an apex obtained in a pig during coronary occlusion at rest (A) and
at peak dose of dobutamine (B), showing decreased global longitudinal strain (GS). The quantitative assessment of velocity and direction of
vectors by global strain helps describe the motion in an integrated and quantitative fashion.
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and the definition of a normal range is limited by inherent variabil-
ity by site (Table 5), between normal individuals, by age, and by
hemodynamic conditions.

Published Findings: Clinical studies have documented the
reliability of the quantitative approach in comparison with expert
readers and in particular emphasized the reduced variation of
strain measurement for the recognition of regional wall motion
abnormalities compared with visual assessment.134

Myocardial viability may be assessed at rest or in response to
inotropic stimulation. Akinetic or severely hypokinetic myocar-
dium that shows residual longitudinal strain can be inferred as
being viable. In these situations, the problem is often that there
is some reduction of subendocardial function at rest, with func-
tional reserve arising from contraction of the mid and epicardial
components of the wall. The transmyocardial distribution of
thickening can be documented by distinguishing between the
different components of myocardial strain. Longitudinal strain
becomes compromised at a relatively early stage in the develop-
ment of coronary disease and a clue to the presence of subendo-
cardial infarction or ischemia may be identified from a discrepancy
between longitudinal and radial strain.135 The degree of radial
strain reduction has been used as a marker of increasing trans-
myocardial extent of scar as well as in the recognition of nontrans-
mural infarction.123 A recent study suggested that direct measure-
ment of the transmyocardial strain gradient by STE may provide
similar information.136 However, this approach can only deliver

valid results if the image resolution in the interrogated direction
is sufficient.

The initial validation of the response of the myocardium to an
inotropic stimulus such as dobutamine as a marker of viability
was performed nearly a decade ago by comparison against posi-
tron emission tomographic imaging.137 This study reported that
segments with perfusion metabolism mismatch were associated
with regional contractile reserve, as reflected by an increment of
SR in response to dobutamine.137 Subsequent studies documented
that an increase in SR in response to dobutamine was associated
with subsequent functional recovery of segments, and cutoffs
were defined for strain and SR or the changes in these parameters
consistent with subsequent functional recovery. Further work in
this area has confirmed these cutoffs.9

The most reliable echocardiographic sign that myocardium is
likely to recover after revascularization is the biphasic response,
whereby reduced baseline function is seen to improve with ino-
tropic stimulation (generally with dobutamine stress) but
deteriorates when sufficient workload is delivered to exceed
perfusion reserve and provoke ischemia. Figures 21 to 23 show
examples of studies suggesting ischemia and viability. Animal
experiments have demonstrated that the most reliable marker
of contractility response to stress is SR rather than strain.140

The normal response of SR to increasing doses of dobutamine
is a continuing increment, whereas the normal response of
strain to dobutamine is an initial increment, followed by a
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Table 5 Normal values of regional longitudinal systolic strain obtained by different techniques and reported in the
literature

Study Method n Age (y) Mean strain (%) Septal (%) Lateral (%) Inferior (%) Anterior (%)

Moore et al.182 MRI 31 37+2 16+3

Basal 14+3 15+3 15+3 15+3

Midventricular 15+3 14+4 15+3 15+3

Apical 18+4 19+3 18+4 19+3

Edvardsen et al.183 MRI 11 41+13 18+4

Basal 17+3 18+4 18+4 17+3

Apical 19+5 17+4 19+3 18+4

Edvardsen et al.183 DTI 33 41+13 19+4

Basal 17+3 18+4 20+4 19+4

Apical 19+4 17+3 21+2 18+5

Kowalski et al.184 DTI 40 29+5 17+5

Basal 21+5 13+4 15+5 17+6

Midventricular 21+5 14+4 16+5 17+6

Apical 23+4 15+5 18+5 18+6

Sun et al.185 DTI 100 43+15 18+5

Basal 18+5 18+7 15+6 22+8

Midventricular 18+1 19+5 14+5 18+6

Apical 19+6 18+6 24+5 13+6

Marwick et al.12 2D STE 242 51+12 19+5

Basal 14+4 18+5 17+4 20+4

Midventricular 19+3 18+3 20+4 19+3

Apical 22+5 19+5 23+5 19+5
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plateau or minor decrement as heart rate increases and stroke
volume falls. Postsystolic shortening may be a useful marker of
viable myocardium, especially if it normalizes in response to
dobutamine.

Unresolved Issues and Research Priorities: Although the
detection of myocardial fibrosis and evaluation of viability may
prove to be an important application of deformation imaging, the
interpretation of subtle variations of myocardial thickening and
response to dobutamine is difficult, dependent on training and
experience, and shows significant variation between readers even

when using standardized reading criteria.141 More research is
needed in this area.

Summary and Recommended Indications: The place of
deformation analysis in the recognition and evaluation of fibrosis
and myocardial viability is a matter of ongoing investigation. At
present, the strongest evidence pertains to the combination of
strain with low- dose dobutamine stress for the assessment of
myocardial viability. Although encouraging data have been obtained
with the use of deformation analysis to recognize fibrosis and dis-
tinguish nontransmural scar in the setting of resting wall motion

Figure 22 Application of tissue velocity imaging derived strain to facilitate the recognition of the biphasic response. At low dose, both septal
segments show normal strain, with synchrony. At peak-dose dobutamine, the basal septal segment (yellow) shows an increase in strain, but the
midapical segment (blue) shows a slight decrease and becomes delayed.

Figure 21 Application of SR imaging to facilitate the recognition of myocardial viability. At rest, both septal segments show reduced SR, with
the apical also showing delay. In response to low-dose dobutamine, both septal segments show increases in SR, which becomes more synchro-
nous. The lateral wall (red) is used as a normal reference segment.
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abnormalities, clinical use of this methodology is not rec-
ommended at this time.

4. PHYSIOLOGIC
MEASUREMENTS OF RIGHT
VENTRICULAR AND LEFT AND
RIGHT ATRIAL FUNCTION

4.1. Right Ventricle
The RV wall is thinner than the LV myocardium, and the two ven-
tricles have different shapes. This is associated with low pressure in
the pulmonary circulation. The thin-walled and compliant right
ventricle facilitates quick adaptation to changes in preload. An
increase in RV afterload results in an increase in wall stress,
unless the thickness of the chamber walls is increased or the
internal radius of the chamber is reduced. Normal RV contraction
proceeds in a sequential manner, as a peristaltic wave directed
from inflow tract to infundibulum. Longitudinal shortening is the
major contributor to overall RV performance with an equal contri-
bution of the RV free wall and the interventricular septum. RV
function assessment by conventional 2D echocardiography is chal-
lenging because of the complex RV geometry and the heavily tra-
beculated inner wall contour. The load dependency of most
conventional echocardiographic parameters adds another chal-
lenge for functional assessment.

A simple quantitative approach to assess longitudinal RV func-
tion is the measurement of the tricuspid annular plane systolic
excursion, which estimates the level of the systolic excursion of
the lateral tricuspid valve annulus toward the apex in the four-

chamber view. Tricuspid annular plane systolic excursion has
demonstrated an excellent correlation with radionuclide
ventriculography-derived RV EF and has proved to be a strong pre-
dictor of prognosis in heart failure. Nevertheless, it can be angle
dependent if an enlarged right ventricle results in off-axis images,
and it may also be influenced by translation.

DTI and STE both provide indices of RV function. DTI allows
quantitative assessment of RV systolic and diastolic longitudinal
motion by means of measurement of myocardial velocities from
the apical four- chamber view. Two-dimensional color-coded
DTI allows examination of multiple segments simultaneously.
Pulsed-wave DTI examines RV function by recording velocities of
the tricuspid annulus, which are used as a correlate of RV function,
because longitudinal displacement of the RV base accounts for the
greater proportion of total RV volume change in comparison with
radial shortening in normal ventricles.

Systolic RV function may be assessed by measuring DTI systo-
lic velocities and isovolumic myocardial acceleration, which is
calculated by dividing the maximal isovolumic myocardial velocity
by the time to peak velocity and has the advantage of being less
affected by RV shape and loading conditions than systolic vel-
ocities. Experimental studies have identified isovolumic myocar-
dial acceleration as the most reliable contractility index among
various velocity parameters by comparison with systolic ela-
stance. In addition to systolic velocities, pulsed-wave DTI can
also be used to measure the peak early and late diastolic vel-
ocity, allowing evaluation of RV diastolic function and right
atrial (RA) pressure by using the ratio between transtricuspid
early diastolic velocity (using conventional pulsed-wave
Doppler) to the peak early DTI diastolic velocity of the lateral
tricuspid annulus.

Figure 23 Application of tissue velocity imaging-derived strain to facilitate the recognition of the uniphasic response. At rest, both inferior
segments show reduced strain. At low dose, both have increased. At peak-dose dobutamine, the midinferior segment (blue) has not increased
strain, but the basal segment (yellow) has increased further.
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Besides assessment of velocity, DTI permits measurement of
time intervals. As opposed to the left ventricle, isovolumic relax-
ation time is almost nonexistent in the normal right ventricle
(Figure 24A), and an increase in right-sided isovolumic relaxation
time duration suggests impairment in RV function related to
primary RV dysfunction or an increase in RV afterload. The Tei
index of the right ventricle may be calculated from pulsed-wave
DTI traces and has the advantage of simultaneous recordings of
systolic and diastolic velocity patterns compared with conventional
Doppler (Figure 24B). DTI may also identify RV dyssynchrony by
measurement of septum-to-RV free wall delay.

DTI has been validated for its ability to quantify RV myocardial
deformation. Although the assessment of longitudinal strain from
the apical views is feasible in the clinical setting, the analysis of
RV radial deformation from the parasternal window is difficult. It
is hampered by near-field artifacts caused by the close proximity
to the transducer and by the thin RV wall that requires selection
of an extremely small computational distance of ,5 mm for SR
measurements. SR imaging measurements correlate well with
sonomicrometry segment length measurements and may be used
to quantify RV function under different loading conditions in an
experimental model. An acute increase in RV afterload was
found to lead to an increase in RV myocardial SR and to a decrease
in peak systolic strain, indicating a decrease in RV stroke volume. In

addition, the strain profile after pulmonary artery constriction
demonstrated a shift of myocardial shortening from early mid to
end-systole or even early diastole (postsystolic shortening).142

STE also has a great promise in assessing regional and global RV
deformation in different directions in terms of both amplitude and
timing, with the advantage of being less affected by overall heart
motion.143

Normal Values: At the level of the tricuspid annulus, in the RV
free wall, normal systolic velocity by pulsed DTI is .12 cm/sec,
although it may be age dependent, similar to normal LV myocardial
velocities. A peak systolic velocity ,10 cm/sec should raise the
suspicion of abnormal RV function, especially in younger
adults.144 A peak systolic velocity ,11.5 cm/sec was found to
identify the presence of RV dysfunction or pulmonary hyperten-
sion with sensitivity and specificity of 90% and 85%, respectively145

(Figure 24A). In addition, a cutoff value of ,9.5 cm/sec has been
identified as a prognostic risk factor for predicting adverse out-
comes in various diseases, including chronic heart failure.146 Peak
S-wave values with pulsed DTI and with color DTI cannot be
used interchangeably, because the former measures peak myocar-
dial velocities, while the latter measures mean myocardial vel-
ocities, which are 20% lower (Figure 25).

Published Findings: Myocardial Velocity Profiles. — In a large
cohort of normal subjects over a wide age range, it was found

Figure 24 (A) Tricuspid annular velocities assessed using pulsed DTI in a normal subject. (B) Measurement of the RV Tei index ([isovolumic
contraction time + isovolumic relaxation time])/ejection time).
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that systolic RV free wall myocardial velocities were not affected by
age, while diastolic velocities were affected, with a progressive
decrease in early diastolic velocity. This information is important
for interpreting values in patients over a wide range of age
groups.147

In healthy individuals, RV longitudinal velocities demonstrate a
typical base-to-apex gradient with higher velocities at the base
(Figure 26A). In addition, RV velocities are consistently higher com-
pared with the left ventricle. This can be explained by the differ-
ences in loading conditions and compliance with a lower
afterload in the right ventricle and the dominance of longitudinal

and oblique myocardial fibers in the RV free wall. With RV dysfunc-
tion, RV longitudinal velocities decrease and the base-to-apex gra-
dient tends to disappear (Figure 27).

The value of the tricuspid annular systolic velocity has been
studied in a wide range of pathologic conditions, such as pulmonary
hypertension, chronic heart failure, chronic and acute pulmonary
embolism, systemic sclerosis, coronary artery disease, congenital
heart disease, and various types of cardiomyopathy (Figure 28).
Under these pathologic conditions, the tricuspid lateral annular sys-
tolic and early diastolic velocities are significantly reduced compared
with healthy individuals. In patients with heart failure, the reduction

Figure 25 Myocardial velocity profile of the tricuspid annulus assessed using color DTI (A) and pulsed DTI (B) in a normal subject. Note the
lower velocities obtained with color DTI compared with pulsed DTI.
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of tricuspid annular systolic velocity is associated with the severity of
RV dysfunction and is a strong predictor of outcomes.146 In systemic
sclerosis and hypertrophic cardiomyopathy, subclinical involvement
of the right ventricle is also evident by a reduction of tricuspid
annular peak systolic and early diastolic velocities and reversal of tri-
cuspid annular E′/a′ ratios.148

Myocardial Deformation. — In contrast to the more homoge-
nously distributed deformation properties within the left ventri-
cle, the SR and strain values are less homogeneously distributed
in the right ventricle and show a reverse base-to-apex gradient,
reaching the highest values in the apical segments and outflow
tract (Figure 26B).149 This pattern can be explained by the

complex geometry of the thin-walled, crescent-shaped right ven-
tricle and the less homogeneous distribution of regional wall
stress compared with the thick-walled, bullet-shaped left
ventricle.

DTI-derived and STE-derived strain and SR can be used to
assess RV dynamics and were found to be both feasible and
roughly comparable.150 Strain and SR correlate well with radio-
nuclide RV EF. Cutoff points of systolic strain and SR at the basal
RV free wall of 25% and 24 sec21 yielded sensitivities of 81%
and 85% and specificities of 82% and 88%, respectively, for the pre-
diction of RV EF .50%.151 In patients with RV disease or dysfunc-
tion, peak systolic strain and SR are significantly reduced and

Figure 26 RV lateral free wall velocities (A) and longitudinal strain (B) assessed using color DTI in a normal subject. Note the base-to-apex
gradient in velocities and apex-to-base gradient in longitudinal strain. Yellow ¼ basal; blue ¼ mid; red ¼ apical.
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delayed compared with individuals with normal RV function
(Figures 26B, 27, and 29).

Strain and SR abnormalities of the right ventricle can be
detected in pulmonary hypertension, as well as in amyloidosis, con-
genital heart diseases, and arrhythmogenic RV cardiomyopathy.
Doppler-derived strain and SR may identify subtle changes in
response to vasodilator treatment152 and may detect early signs
of RV involvement in the course of pulmonary artery hypertension
(Figure 27).153 Also, it proved sensitive enough to detect early
alterations of RV function in patients with systemic sclerosis and
normal pulmonary pres- sures.154 Strain measurement may prove
useful as an early indicator of RV dysfunction. For instance, in

asymptomatic children with repaired tetralogy of Fallot, RV strain
decreased as pulmonary insufficiency increased.155 Also, in the
setting of perioperative follow-up of RV function, strain has advan-
tages over M-mode or velocity- based parameters, because it is not
influenced by a possible change in overall heart motion pattern
after pericardectomy.143

A recent study in patients with pulmonary hypertension con-
firmed an inverse relationship between RV pressure and RV free
wall longitudinal strain.156 Furthermore, there was a significant
relationship between RV pressure and septal longitudinal strain
but not lateral wall strain, suggesting that the longitudinal fibers
cannot propagate the impact of RV pressure far into the left

Figure 27 Myocardial velocities (top) and longitudinal strain (bottom) of the RV lateral free wall assessed using color DTI in a normal subject
(left) and in a patient with pulmonary hypertension (right). Although apical (red), mid (blue), and basal (yellow) segments have a similar velocity
profile without any base-to-apex gradient, the apical and mid segments exhibit a dramatic decrease in systolic strain compared with the basal
segment in the patient with pulmonary hypertension.
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ventricle. In contrast, circumferential strain was related to RV
pressure in both the septum and lateral LV wall, indicating that
the circumferential fibers can propagate RV factors throughout
the left ventricle.

Unresolved Issues and Research Priorities: The available
experience on STE for the assessment of RV function is limited
to small single-center studies. The technique seems feasible for
the quantitative assessment of RV function and may improve the
understanding of the pathophysiology of different diseases.
However, its clinical value for patient management remains to be
proven.

Summary and Recommended Indications: DTI-derived vel-
ocity and deformation parameters have been demonstrated to
be reliable and useful, especially in detecting subtle abnormalities
and in assessing prognosis. They have recently been proposed as
parameters to be included in the follow-up of patients with pul-
monary hypertension.157 Myocardial velocities recorded at the
level of the tricuspid annulus are helpful to quantify RV longitudinal
motion. They provide useful information in terms of quantification,
early detection of subtle myocardial abnormalities, and prognosis.

4.2. Left Atrium
The left atrium performs four basic mechanical functions: phase 1,
reservoir (collection of pulmonary venous flow during LV systole);
phase 2, conduit (passage of blood to the left ventricle during
early diastole); phase 3, active contractile pump (15%–30% of LV
filling in late diastole); and phase 4, suction force (the atrium refills
itself in early systole). Through these functions, the left atrium
modulates LV filling. LA dilation occurs in response to impaired
LV filling and as a consequence of mitral disease and/or atrial
fibrillation.

LA function can be separated into a roughly exponential
pressure- volume relationship during the reservoir and conduit
phases and a counterclockwise pressure-volume loop during
atrial contraction and suction. Any comprehensive assessment of
LA function should require accurate LA pressure, which can only
be indirectly estimated by echocardiography100 Complicating the
situation further are the facts that (1) unlike the left ventricle,

there is no true LA isovolumic phase (because the pulmonary
vein orifices are always open), and (2) reservoir function is deter-
mined as much by LV function (descent of the mitral annulus
during systole) as by primary LA properties. Passive and active
LA properties can be characterized by combining 3D echocardio-
graphic volumes with invasive pressure measurements in conjunc-
tion with changes in loading conditions.158 By using this method, a
reduction of LA systolic loop occurred during circumflex ligation
(which induces LA ischemia) but not with left anterior descending
coronary artery ligation (which affects only the left ventricle). On a
regional basis, LA function can be fundamentally described in terms
of stress-strain relationships. Although strain is becoming increas-
ingly accessible by echocardiography, there is no way to estimate
wall stress, even invasively. Fortunately, because the left atrium is
thin walled, one can reasonably equate LA pressure with wall
stress.

Global and Regional LA Function: LA function is currently
estimated by 2D measurements of LA volumes, by Doppler analy-
sis of transmitral flow (peak and time velocity integral of a velocity,
atrial filling fraction) and by pulmonary vein flow (peak and dur-
ation of atrial reverse velocity). Because 2D echocardiography is
limited by the use of geometric models and by possible errors
due to foreshortening, it may underestimate LA volume compared
with cardiac magnetic resonance, while Doppler assessment of LA
function and/or the use of the LA ejection force are indirect par-
ameters. Three-dimensional LA volume measurements, which do
not require geometric assumptions, can accurately estimate
global LA function. Acoustic quantification, an automated border
detection technique, provides online continuous LA area or
volume over time, but the values obtained are heavily influenced
by gain settings, resulting in large interobserver and test- retest
variability.

Both DTI and 2D STE allow noninvasive assessment of global
LA function and regional deformation of LA walls. Two-
dimensional STE also successfully provides LA volume curves
during one cardiac cycle, from which various LA mechanical
indices can be obtained,159,160 and allows a direct assessment
of LA endocardial contractility and passive deformation. Two

Figure 28 Myocardial velocity profile of the tricuspid annulus assessed using pulsed DTI in a patient with systemic sclerosis without resting
pulmonary hypertension (A) and developing later pulmonary hypertension (B). Note the increase in the isovolumic relaxation duration.
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different modalities have been proposed to quantify atrial defor-
mation by STE (Figure 30). The first (total of 12 equidistant
regions, six in the apical four-chamber view and six in the
apical two-chamber view) takes as a reference point the QRS
onset and measures the positive peak atrial longitudinal strain
(corresponding to atrial reservoir).159 The second (total of 15
equidistant regions, six in the apical four-chamber view, six in
the apical two- chamber view, and three in the inferoposterior
wall in long axis) uses the P wave as the reference point,
enabling the measurement of a first negative peak atrial

longitudinal strain (corresponding to atrial systole), a second
positive peak atrial strain (corresponding to LA conduit func-
tion), and their sum.160

Normal Values: Two-dimensional speckle-tracking echocar-
diographic normal values of LA strain have been recently
reported.159 –161 By using a 12-segment model and QRS onset
as the reference point, the mean peak atrial longitudinal strain
of 60 healthy individuals was 42.2+6.1% (5th to 95th percen-
tile range, 32.2%-53.2%).159 The average values of positive and
negative peak strain were 23.2+6.7% and 214.6+3.5%,

Figure 29 Longitudinal strain of the right ventricle assessed using STE from an apical four-chamber view in a normal subject (A) and in a
patient with altered RV function (B). GS, Global strain.
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respectively, in a 15-segment model, which used the P wave as
the reference point (64 normal subjects).161

Published Findings: Strain and SRs and early diastolic global
strain were reported to be reduced in 12 atrial segments in
patients with atrial septal occluder devices compared with
control subjects.162 In patients in sinus rhythm who had under-
gone either cardioversion or catheter ablation for atrial fibrilla-
tion, color DTI velocities and strain were lower compared
with normal controls, but the ablation group had increased
regional and global LA dysfunction.163 Conversely, LA strain
was shown to be increased in patients with mitral regurgita-
tion.164 Also, strain and SR were used for the evaluation of
patients with atrial fibrillation to assess the risk for new atrial
fibrillation after cardioversion.165 Triplane 3D color DTI, which
has the advantage of simultaneously recording SRs in three
views to minimize beat variation, was used to demonstrate sig-
nificantly lower peak SRs in patients with hypertension com-
pared with normal controls and athletes.166 Similar to DTI,
STE-derived global LA motion analysis after percutaneous intera-
trial defect repair showed the expected absence of strain
measured at the device site.167 Decreased negative LA SR is
also an independent predictor of episodes of paroxysmal atrial
fibrillation in patients in sinus rhythm.168

Regional heterogeneity of LA strain and SR values has been
reported in healthy subjects, with the highest value in the inferior
wall in comparison with mid and superior LA segments.160 This
heterogeneity is confirmed by the observation that DTI-derived
SR of the LA inferior wall is one of the best predictors of sinus
rhythm maintenance after atrial fibrillation cardioversion and that
LA strain is more improved at lateral wall in CRTresponders.169

The main strength of LA strain is its feasibility, which is very high
with either color DTI170 or STE (94% in 84 normal subjects).160 In
addition, STE has an important pathophysiologic value, because
peak positive global LA strain correlates strongly (inverse relation)
with in- vasively determined LV end-diastolic pressure,109 with
Doppler indices of transmitral inflow, pulmonary vein velocities,
DTI, and LA volumes.161

Unresolved Issues and Research Priorities: The main weak-
ness of LA regional strain measurements is the anatomic effect
of the pulmonary vein outlet, which can preclude accurate assess-
ment of LA basal regions, in particular when the pulmonary veins
are dilated. Similar confounding effect can be seen in the apical
two- chamber view because of the LA appendage, particularly
when it is extremely large.

Although regional assessment of LA function could provide
more detailed information about LA mechanics, its incremental

Figure 30 Two different modalities proposed to quantify regional and global atrial deformation by 2D STE: (A) the use of the QRS onset as a
reference point and measurement of the positive peak left atrial (LA) longitudinal strain and (B) the use of the P wave as the reference point to
allow the measurement of a first negative peak LA longitudinal strain (LA systole), of a second positive peak LA strain (LA conduit function), and
of their sum.
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value over global LA functional assessment has not been deter-
mined, and additional work is needed to elucidate this issue.
Also, the normal reference values reported so far for LA strain
were obtained in relatively small groups of patients and thus
need to be confirmed in larger populations.

Summary and Recommended Indications: Indications for 2D
STE of the left atrium include regional LA assessment in patients
with LV diastolic dysfunction, evaluation of LA properties after
atrial fibrillation to predict the maintenance of sinus rhythm, and
evaluation after percutaneous interatrial defect repair. In addition,
LA regional strain appears potentially suitable to identify patients at
risk for LA failure or arrhythmias and to assess LA characteristics in
patients with LA dilation of undetermined cause. However, at the
present time, 2D STE of the left atrium does not appear ready for
clinical use.

4.3. Right Atrium
If the right ventricle is the forgotten ventricle,171 then the right
atrium dwells in true obscurity. Virtually no echocardiographic
research has focused on mechanical assessment of RA function
per se, with most studies directed at the assessment of mean RA
pressure.172 –177 Similar to the left atrium, the right atrium has
three distinct phases: reservoir (filling of the right atrium during
ventricular systole), conduit (passage of blood into the right ven-
tricle during diastole before the P wave), and active contraction
(atrial systole). Thus, one may consider the right atrium to have
a passive phase of RA function (reservoir plus conduit) and an
active phase of contraction.

Published Findings: The right atrium has received scant atten-
tion with the newer methodologies of tissue Doppler and 2D
strain. These novel approaches are challenging because of the thin-
ness of the RA wall. One recent study178 used STE to assess RA
free wall strain in patients undergoing CRT. Patients who
responded to CRT (as reflected by a reduction of .15% in LV
end-systolic volume) were found to have smaller RA sizes
(13.2+4.4 vs 19.7+5.5 cm2/m2, P , .001) and higher RA strain
values (40.2+ 8.9% vs 24.3+ 10.2%, P , .001).

Summary and Recommended Indications: Clearly, there is
much more validation work to undertake before RA strain
measurements can be considered for routine clinical use.

5. CONCLUSIONS
This document represents the consensus of the writing group
assembled jointly by the ASE and the EAE to survey the techniques
currently available to assess myocardial mechanics. The consensus
is that the techniques described in this document significantly con-
tribute to the much needed process of the transformation of echo-
cardiography from a subjective art of image interpretation to a set
of objective diagnostic tools. Although the published research pro-
vides the evidence basis for potential clinical applications of these
techniques in multiple clinical scenarios, the Writing Group
believes that in the majority of areas, this methodology is not
yet ready for routine clinical use. The consensus is that (1)
additional testing is needed in multicenter settings to better estab-
lish the diagnostic accuracy of the different parameters and their
reproducibility in various disease states, (2) standardization is

needed for what should be measured and how measurements
should be performed, and (3) standardization among
manufacturers is essential, as clinicians should be able to interpret
data generated by different equipment irrespective of vendor.
Once these conditions are met and the larger echocardiography
community gains the necessary experience with these techniques,
they promise to become an integral part of the “toolbox” of clini-
cal echocardiography.

NOTICE AND DISCLAIMER
This report is made available by the ASE and EAE as a courtesy
reference source for their members. This report contains rec-
ommendations only and should not be used as the sole basis to
make medical practice decisions or for disciplinary action against
any employee. The statements and recommendations contained
in this report are primarily based on the opinions of experts,
rather than on scientifically verified data. ASE and EAE make no
express or implied warranties regarding the completeness or accu-
racy of the information in this report, including the warranty of
merchantability or fitness for a particular purpose. In no event
shall ASE or EAE be liable to you, your patients, or any other
third parties for any decision made or action taken by you or
such other parties in reliance on this information. Nor does your
use of this information constitute the offering of medical advice
by ASE or EAE, or create any physician-patient relationship
between ASE or EAE and your patients or anyone else.
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