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Stress echocardiography is an established and mainstream method for the diagnosis and
risk stratification of patients with known or suspected coronary artery disease [1, 2]. While
the accuracy and clinical usefulness of echocardiography in assessment of regional and
global systolic function is undisputed, the assessment of diastolic function is important,
but it remains difficult by echocardiography at rest [3, 4], and even more during stress [5, 6]. In
spite of the many unsolved conceptual and methodological issues, there are three reasons
for the still high interest of the cardiological and echocardiography community in diastolic
stress echocardiography: (1) experimental [7-9] and clinical [10—12] studies clearly show
that acute diastolic dysfunction is an early event in the ischemic cascade, even earlier than
regional systolic dysfunction, which remains the cornerstone of clinical diagnosis with
stress echocardiography [13]; (2) diastolic dysfunction can accompany systolic dysfunc-
tion, but its presence and severity adds risk to the negative prognostic value of resting
[14] or stress-induced systolic dysfunction [15]; and (3) in a high proportion of patients,
“diastolic” heart failure is the dominant form of dysfunction, without any detectable systo-
lic dysfunction at rest and during stress [16].

According to European Society of Cardiology 2007 guidelines, in presence of clinical
symptoms, mainly dyspnea, and normal left ventricular (LV) systolic function with normal LV
volumes, the diagnosis can be achieved by combining standard transmitral Doppler (transmi-
tral E velocity), pulsed tissue Doppler of the mitral annulus (early diastolic velocity =¢’ ) and
clinical biochemistry criteria. Diastolic heart failure will be diagnosed in the presence of the
E/e’ ratio >15 + BNP >300 and excluded with E/E' ratio <8 and BNP <200 [17]. However, it
is not infrequent for the patient to fall within a gray zone of indeterminate values (Fig. 25.1).
In these patients, resting echocardiography may help with indirect, supportive signs show-
ing structural changes frequently associated with LV diastolic dysfunction, such as left atrial
dilation (left atrial volume index>28 mL m) [18] and LV hypertrophy, but obviously a more
direct documentation of diastolic dysfunction would be most helpful. These patients are the
main clinical target of diastolic stress echocardiography.
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Fig. 25.1 The diagnostic algorithm for diastolic heart failure proposed by the European Society of
Cardiology in 2007. Transthoracic echocardiography has a central role and is the imaging test of
choice in excluding systolic dysfunction (normal ejection fraction and left ventricular volumes) and

in including diastolic dysfunction, through direct, specific signs (E/e’ increase) and indirect, support-
ive signs (left atrial dilation and left ventricular hypertrophy). (Modified from [17])

25.1
Pathophysiological Basis of Diastolic Dysfunction

From a pathophysiological standpoint, LV diastolic function should always be viewed
as a two-dimensional (2D) problem, including not only LV filling pressures but also LV
volumes. ESC criteria establish a cut-off value of wedge pressure greater than 15 mmHg
and LV end-diastolic pressure (LVEDP) greater than 15mmHg to clearly document LV
diastolic heart failure [17]. However, for any given pressure, LV end-diastolic volume is
also important. In fact, at normal LV filling pressure, the normal heart shows end-diastolic
volumes necessary to grant the adequate stroke volume. The stiff heart of diastolic dys-
function has similar volumes at higher pressures or, alternatively, normal pressures and
smaller volumes. Any stress on the heart, including a simple tachycardia, is also a
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Fig. 25.2 The reduction of diastolic time (black dots) is much steeper than the reduction in systolic
time (red dots) during tachycardia associated with exercise (upper left panel), dipyridamole (middle
left panel), or pacing (lower left panel). The ratio between systolic and diastolic tissue increases dur-
ing exercise (right upper panel), dipyridamole (middle right panel) and pacing (lower right panel)

powerful diastolic stress, since the same filling must be achieved in a much shorter time
(Fig. 25.2). The positive lusitropic (improved myocardial relaxation) effects of adrenergic
stress (or exercise) determine better filling in a shorter time, and in fact the normal diastolic
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Fig.25.3 Changes in left ventricular volume during exercise in controls, dilated cardiomyopathy patients
with relatively good (Group 1) and relatively poor (Group II) prognosis with exercise. The end diastolic
volume is increased only in normal and Group I dilated cardiomyopathy patients. (Modified from [19])
DCM, dilated cardiomyopathy; EF, Ejection Fraction; ESVi, end-systolic volume index; EDVi, end-
diastolic volume index; Stroke Volume i, stroke volume index; PFR, peak filling rate

response to stress is a reduction of LV end-systolic volume (due to an increase in con-
tractility) and an increase in end-diastolic volume, normally occurring in the early phases
of exercise, and then a plateau at intermediate to high levels of stress, up to a point when
the diastolic reserve is exhausted and LV filling declines [19] (Fig. 25.3). This decline in
LV filling can occur at lower heart rates in ventricles with diastolic dysfunction. The lower
the diastolic filling, the lower the stroke volume, and, for any given level of systolic dys-
function, the worse the prognosis.
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25.2
The Echocardiography Assessment of Diastolic Function

The four grades of LV diastolic function can be summarized as in Fig. 25.4 [20]. The
assessment of diastolic function has been made easier, simpler, and more accurate by com-
bining the transmitral E velocity with the E’ derived from pulsed tissue Doppler, i.e.,
the E/e’ ratio [21], which is obtained more often, more rapidly, and more easily than
pulmonary blood flow and transmitral flow during Valsalva [22], which are alternative
ways to separate a normal from a pseudonormal pattern. Left atrial volume is also useful
as a marker of the severity and duration of diastolic dysfunction [18, 23], perhaps obviat-
ing the need for more complex characterization of diastolic function and filling pressures
with Doppler echocardiography. Doppler indexes reflect LV filling pressures at one point
in time, whereas increased left atrial size may better reflect the memory of the same filling
pressures, i.e., the cumulative effect of filling pressures over time, in a way conceptually
similar to glycated hemoglobin in diabetes. As a single assessment of glycemia is affected
by dietary factors such as the sugar intake immediately prior to testing, Doppler index
changes are affected by loading conditions unrelated to true LV diastolic dysfunction, and
an increase in heart rate or a preload increase induced for instance by nitrates may induce a
pseudorestrictive pattern. The integration of structural, 2D-based parameters on left atrial
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Fig. 25.4 The severity of diastolic dysfunction (from 0 = absent to 3 = severe) titrated by a combina-
tion of transthoracic echocardiography assessed with Doppler, tissue Doppler, and 2D indices. (Modi-
fied from [20])
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remodeling and functional, Doppler-based markers of altered filling offers a comprehen-
sive picture of diastolic dysfunction.

The assessment of LV diastolic function at rest has independent and additive prognostic
value [24] over resting and stress-induced systolic dysfunction. The worse combination
is represented by a LV diastolic restrictive pattern [25] with lack of contractile reserve in
dilated cardiomyopathy patients [26] or a dilated left atrium with inducible ischemia in
coronary artery disease patients [27].

The abnormal diastolic stress echocardiographic response is characterized by lower LV
cavity dilation, higher E/e’ values, and possibly increases in pulmonary arterial systolic
pressure (PASP) and ultrasound lung comet (ULC), surrogate signs of diastolic dysfunc-
tion mirrored in backward failure with pulmonary congestion up to interstitial lung edema
[28, 29]. However, the clinical data supporting this framework are scanty to date. In a
more advanced phase of LV diastolic restrictive dysfunction, the stress should be aimed at
unloading the ventricle and improving the lusitropic properties: a viability test of diastole.
For this purpose, the nitroprusside test can be useful [30].

25.3
Clinical Results

The ratio of transmitral E (peak early diastolic velocity) to pulsed tissue Doppler-derived
e’ of the mitral annulus can be used to estimate LV filling pressures at rest and during
exercise. Healthy individuals will show a similar increase in mitral E and annular e’ , such
that the ratio has no or minimal change with exercise. Patients with impaired LV relaxation
develop an increase in LV filling pressures with exercise as a result of tachycardia and the
abbreviated diastolic filling period. Accordingly, transmitral peak E velocity increases.
However, given the minimal effect of preload on annular e in the presence of impaired
relaxation, annular ¢’ remains reduced. Therefore, the E/e’ ratio increases with exercise
in patients with diastolic dysfunction [31, 32]. Diastolic stress echocardiography has been
demonstrated to be feasible using supine bicycle exercise [31] and is based on the assump-
tion that the ratio of early diastolic transmitral velocity to early diastolic tissue velocity
correlates with invasively measured LVDP during exercise [31, 32]. The algorithms to
interpret the exercise-induced changes of the E/e’ ratio are summarized in Fig. 25.5 [31]:
the three different responses to exercise have a different meaning and the passage from
normal to abnormal LV filing pressure is crucial to unmask patients who cannot be appro-
priately defined by simple Doppler assessment at rest. Diastolic stress echocardiography
has been applied in several clinical settings, including patients with normal systolic func-
tion [33] and with myocardial diastolic relaxation at rest [34], patients with ischemic heart
disease [35], diabetic patients [36], and those with hypertrophic cardiomyopathy [37].
The methodological approach during stress is less clearly standardized and issues remain
on feasibility, accuracy, and prognostic value. The parameters should be the same as at rest,
but the two-key signal of transmitral flow and annular velocities are extremely sensitive to
tachycardia, which leads to diastolic wave fusion making the tracings impossible to read and
to loading condition changes that can make them difficult to interpret (Figs. 25.6 and
25.7). The E/e' ratio is somewhat correlated to increase in LV end-diastolic pressure, but it
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Fig. 25.5 The three possible changes of the E/e’ ratio during exercise. (Modified from [31])
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Fig. 25.6 Transmitral flow velocity tracing at baseline (left upper panel) and during stress. There is an
obvious fusion of waves of mitral flow profile at high heart rate (lower left panel). The flow becomes
readable again in the recovery phase (lower right panel)
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Fig. 25.7 Tissue Doppler imaging of mitral annulus (septal side). The 2 E' and A" waves are clearly
distinguishable at rest and in the recovery phase, but are fused (and uninterpretable) at peak stress

can usually be measured only at submaximal levels of stress or in the recovery phase. The
ventricular volumes are easy to obtain from 2D apical 4- and 3-chamber views with the
Simpson biplane method, and may benefit substantially from real-time three-dimensional
(RT3D) technology, which provides more information (avoiding geometric assumptions and
foreshortened views inherent to the 2D approach) in less imaging time. However, they
have been virtually ignored to date in the assessment of diastolic function during stress
echocardiography, whereas they are a known key player in diagnosis with radionuclide
angiography [38].

According to ASE guidelines on stress echocardiography released in 2008, diastolic
stress echocardiography might be useful “for the evaluation of patients with dyspnea of
possible cardiac origin” [39]. This evaluation is especially important in patients without
inducible wall motion abnormalities, in whom dyspnea can be an angina equivalent, and
in patients in whom the diagnosis of diastolic heart failure can be ascertained by the find-
ings of resting transthoracic echocardiography, as described above. When stress testing is
needed, the recommended stress is exercise, which is necessary to evoke dyspnea inde-
pendent of inducible ischemia, and the semisupine approach allows the acquisition of Dop-
pler recordings during exercise. Doppler assessment of the mitral inflow velocities should
be assessed at rest, during exercise, and in the recovery when the E and A velocities are no
longer fused. Doppler recordings should be acquired at a sweep speed of 100 mm s
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There are conceptual and practical limitations to the above methodology. They include
atrial fibrillation, technically challenging imaging windows, and limited validation. It
remains to be seen how abnormalities in regional function influence the accuracy of
a single site measurement (septal or lateral) of e’ . Using pulsed tissue Doppler, early
diastolic velocities are usually lower at the septal portion of the mitral annulus, where the
alignment of the Doppler scan is optimal, and higher at the lateral corner where the Dop-
pler alignment is suboptimal, but the signal is free of the influence of right ventricular lon-
gitudinal motion [40, 41]. More importantly, the value of reduced LV end-diastolic volume
reserve, coupled with E/e’ , remains to be evaluated as a marker of diastolic dysfunction.
This approach requires two coordinates (volume and pressures) instead of one to be cor-
rectly described. Also PASP might offer ancillary, supportive information, since diastolic
failure during stress induces a backward failure with pulmonary congestion. PASP is also
important per se in the work-up of patients with dyspnea of unknown origin, since for
instance a rise in PASP in the absence of diastolic dysfunction and valvular or other pulmo-
nary disease can be found in patients with primary or secondary pulmonary hypertension
as an initial stage of the disease, when resting values are still normal [29].

At present, we still need more data collected in a more comprehensive fashion in
patients where they are more meaningful. To document diastolic dysfunction in patients
with established resting systolic or diastolic dysfunction is probably of limited value. It
would be more important to establish the diagnostic and prognostic correlates, and the true
feasibility, of integrated (ventricular pressures and volumes, PASP and ultrasound lung
comets) diastolic stress echocardiography in the subset of challenging patients such as
those in the present diagnostic gray zone of diastolic heart failure. These studies are con-
spicuously missing to date but will determine the ultimate clinical role of the promising,
challenging, yet innovative diastolic stress echocardiography.

25.4
A Roadmap to the Future

It is now possible, at least in theory, to test an array of candidate markers prospectively for
the characterization of LV diastolic function during stress (Table 25.1). It is also possible to
outline for diastolic dysfunction different stages of natural history, corresponding to different
stages of severity, as clearly coded with stress echocardiography for systolic dysfunction:
normal (at rest and during stress), initial damage (normal at rest, abnormal during stress),
advanced damage (abnormal at rest; fixed abnormality during a diastolic unloading stress),
and irreversible damage (abnormality at rest, fixed with an unloading stress) (Table 25.2).
At most advanced stages of overt diastolic dysfunction, stress echocardiography may help
in unmasking fixed vs. reversible patterns, the latter being less prognostically malignant.
A restrictive fixed pattern is more dangerous than a restrictive reversible pattern, which
can be at least partially normalized by nitroprusside infusion [42].

Compared to the conceptually germane systolic dysfunction, the pathophysiological
basis of diastolic dysfunction is more complex, the technical approach more difficult,
stresses less well standardized, and clinical experience largely immature. Still, there is
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Table 25.1 Diastolic function during stress: the challenge continues

25 Normal Diastolic dysfunction

2D (RT3D)

LV ED volume T ©
Left atrium > )
Pulsed-wave Doppler (TDI)

E/e’ > T
CW Doppler (TR)

PASP “ T

Potential use in patients with dyspnea of possible cardiac origin

Still limited validation. Exercise is still the recommended stress (ASE guidelines 2007)

CW continuous wave, RT3D real-time three-dimensional, LV left ventricular, ED, TDI , TR , PASP pul-
monary arterial systolic pressure 2D (RT3D), Pulsed-wave Doppler (TDI), CW Doppler (TR) in bold.
Legend: ED end-diastole, 7DI Tissue Doppler imaging. 7R Tricuspid regurgitation

Table25.2 Stages of diastolic dysfunction

Rest Stress Which stress Key parameter
Stage I (normal) Normal Normal Exercise E/E'
Stage II (initial) Normal Abnormal Exercise E/E’
Stage III (advanced) Abnormal Normal Nitroprusside E wave DT

Stage IV (irreversible) ~ Abnormal Abnormal Nitroprusside E wave DT

DT deceleration time

little doubt that diastolic dysfunction exists: it is clinically and prognostically important in
CAD and in many other patients such as cardiomyopathy, valvular, and congenital heart
disease patients, and echocardiography must find a better way to study it.

References

1. Gibbons RJ, Abrams J, Chatterjee K, et al; American College of Cardiology; American Heart
Association Task Force on practice guidelines (Committee on the Management of Patients
With Chronic Stable Angina) (2003) ACC/AHA 2002 guideline update for the management of
patients with chronic stable angina-summary article: a report of the American College of Car-
diology/American Heart Association Task Force on practice guidelines. [Committee on the
Management of Patients With Chronic Stable Angina]. J Am Coll Cardiol 41:159K—-168K

2. Fox K, Garcia MA, Ardissino D, et al (2006) Task Force on the Management of Stable Angina
Pectoris of the European Society of Cardiology; ESC Committee for Practice Guidelines
(CPQG). Guidelines on the management of stable angina pectoris: executive summary: the Task
Force on the Management of Stable Angina Pectoris of the European Society of Cardiology.
Eur Heart J 27:1341-1381



References 371

10.

11.

12.

13.

14.

15.

16.

17.

18.

Appleton CP, Hatle LK, Popp RL (1988) Relation of transmitral flow velocity patterns to
left ventricular diastolic function: new insights from a combined hemodynamic and Doppler
echocardiographic study. ] Am Coll Cardiol 12:426-440

Lang RM, Bierig M, Devereux RB, et al; Chamber Quantification Writing Group; American
Society of Echocardiography’s Guidelines and Standards Committee; European Association
of Echocardiography (2005) Recommendations for chamber quantification: a report from the
American Society of Echocardiography’s Guidelines and Standards Committee and the Chamber
Quantification Writing Group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology. ] Am Soc Echocardiogr
18:1440-1463

Pellikka PA, Nagueh SF, Elhendy AA, et al; American Society of Echocardiography (2007)
American Society of Echocardiography recommendations for performance, interpretation,
and application of stress echocardiography. ] Am Soc Echocardiogr 20:1021-1041

Sicari R, Nihoyannopoulos P, Evangelista A, et al (2008) Stress echocardiography consensus
statement of the European Association of Echocardiography. Eur J Echocardiogr 9:415-437
Gaasch WH, Levine HJ, Quinones MA, et al (1976) Left ventricular compliance: mechanisms
and clinical implications. Am J Cardiol 38:645-653

Glantz SA, Parmley WW (1978) Factors which affect the diastolic pressure-volume curve.
Circ Res 42:171-180

Mor-Avi V, Vignon P, Koch R, et al (1997) Segmental analysis of color kinesis images: new
method for quantification of the magnitude and timing of endocardial motion during left
ventricular systole and diastole. Circulation 95:2082-2097

Labovitz AJ, Pearson AC (1987) Evaluation of left ventricular diastolic function: clinical
relevance and recent Doppler echocardiographic insights. Am Heart J 114:836-851
Chierchia S, Patrono C, Distante A, et al (1982) Effects of intravenous prostacyclin in variant
angina. Circulation 65:470-477

Picano E, Simonetti I, Carpeggiani C, et al (1989) Regional and global biventricular function
during dipyridamole stress testing. Am J Cardiol 63:429-432

Picano E (1992) Stress echocardiography. From pathophysiological toy to diagnostic tool.
Circulation 85:1604-1612

Pinamonti B, Lenarda AD, Nucifora G, et al (2007) Incremental prognostic value of restric-
tive filling pattern in hypertrophic cardiomyopathy: a Doppler echocardiographic study. Eur J
Echocardiogr 9:466—471

Pratali L, Otasevic P, Picano E (2005) The additive prognostic value of restrictive pattern and
dipyridamole-induced contractile reserve in idiopathic dilated cardiomyopathy. Eur J Heart
Fail 7:844-851

Galderisi M (2005) Diastolic dysfunction and diastolic heart failure: diagnostic, prognostic
and therapeutic aspects. Cardiovasc Ultrasound 3:9

Paulus WJ, Tschope C, Sanderson JE, et al (2007) How to diagnose diastolic heart failure:
a consensus statement on the diagnosis of heart failure with normal left ventricular ejection
fraction by the Heart Failure and Echocardiography Associations of the European Society of
Cardiology. Eur Heart J 28:2539-2550

Lang RM, Bierig M, Devereux RB, et al (2005) Chamber Quantification Writing Group;
American Society of Echocardiography’s Guidelines and Standards Committee; European
Association of Echocardiography. Recommendations for chamber quantification: a report
from the American Society of Echocardiography’s Guidelines and Standards Committee and
the Chamber Quantification Writing Group, developed in conjunction with the European
Association of Echocardiography, a branch of the European Society of Cardiology. J Am Soc
Echocardiogr 8:1440-1463



25

372

25 Diastolic Stress Echocardiography

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bombardini T, Picano E, Neglia D et al (2008) Prognostic value of left-ventricular and
peripheral vascular performance in patients with dilated cardiomyopathy. J Nucl Cardiol
15:353-362

Pritchett AM, Mahoney DW, Jacobsen SJ, et al (2005) Diastolic dysfunction and left atrial
volume: a population-based study. J Am Coll Cardiol 45:87-92

Ommen SR, Nishimura RA, Appleton CP, et al (2008) Clinical utility of Doppler echocardi-
ography and tissue Doppler imaging in the estimation of left ventricular filling pressures: a
comparative simultaneous Doppler-catheterization study. Circulation 102:1788-1794

Bess RL, Khan S, Rosman HS, et al (2006) Technical aspects of diastology: why mitral inflow
and tissue Doppler imaging are the preferred parameters? Echocardiography 23:332-339
Tsang TS, Abhayaratna WP, Barnes ME, Miyasaka Yet al (2006) Prediction of cardiovascular
outcomes with left atrial size: is volume superior to area or diameter? J Am Coll Cardiol
47:1018-1023

Bella JN, Palmieri V, Roman MJ, et al (2002) Mitral ratio of peak early to late diastolic filling
velocity as a predictor of mortality in middle-aged and elderly adults: the Strong Heart Study.
Circulation 105:1928-1933

Pinamonti B, Di Lenarda A, Sinagra G, et al (1993) Restrictive left ventricular filling pattern
in dilated cardiomyopathy assessed by Doppler echocardiography: clinical, echocardiographic
and hemodynamic correlations and prognostic implications. Heart Muscle Disease Study
Group. J Am Coll Cardiol 22:808-815

Pratali L, Rigo F, Picano E et al (2005) The additive prognostic value of restrictive pattern and
dipyridamole-induced contractile reserve in idiopathic dilated cardiomyopathy. Eur J Heart
Fail 7:844-851

Bangalore S, Yao SS, Chaudhry FA (2007) Role of left atrial size in risk stratification and
prognosis of patients undergoing stress echocardiography. J Am Coll Cardiol 50:1254-1262
Agricola E, Picano E, Oppizzi M, et al (2006) Assessment of stress-induced pulmonary inter-
stitial edema by chest ultrasound during exercise echocardiography and its correlation with
left ventricular function. J Am Soc Echocardiogr 19:457-463

Agricola E, Oppizzi M, Pisani M, et al (2004) Stress echocardiography in heart failure.
Cardiovasc Ultrasound 2:11

Capomolla S, Pozzoli M, Opasich C, Febo O, et al (1997) Dobutamine and nitroprusside infu-
sion in patients with severe congestive heart failure: hemodynamic improvement by discord-
ant effects on mitral regurgitation, left atrial function, and ventricular function. Am Heart J
134:1089-1098

Ha JW, Oh JK, Pellikka PA, et al (2005) Diastolic stress echocardiography: a novel noninva-
sive diagnostic test for diastolic dysfunction using supine bicycle exercise Doppler echocardiography.
J Am Soc Echocardiogr 8:63—68

Burgess M1, Jenkins C, Sharman JE, et al (2006) Diastolic stress echocardiography: hemo-
dynamic validation and clinical significance of estimation of ventricular filling pressure with
exercise. J Am Coll Cardiol 47:1891-1900

Talreja DR, Nishimura RA, Oh JK (2007) Estimation of left ventricular filling pressure with
exercise by Doppler echocardiography in patients with normal systolic function: a simultane-
ous echocardiographic-cardiac catheterization study. J Am Soc Echocardiogr 20:477-479

Ha JW, Choi D, Park S, et al (2008) Left ventricular diastolic functional reserve during exer-
cise in patients with impaired myocardial relaxation at rest. Heart [Epub ahead of print]
Podolec P, Rubis P, Tomkiewicz-Pajak L, et al (2008) Usefulness of the evaluation of left
ventricular diastolic function changes during stress echocardiography in predicting exercise
capacity in patients with ischemic heart failure. ] Am Soc Echocardiogr 21:834-840



References 373

36.

37.

38.

39.

40.

41.

42.

Ha JW, Lee HC, Kang ES, et al (2007) Abnormal left ventricular longitudinal functional
reserve in patients with diabetes mellitus: implication for detecting subclinical myocardial
dysfunction using exercise tissue Doppler echocardiography. Heart 93:1571-1576

Ha JW, Ahn JA, Kim JM, Choi EYet al (2006) Abnormal longitudinal myocardial functional
reserve assessed by exercise tissue Doppler echocardiography in patients with hypertrophic
cardiomyopathy. J Am Soc Echocardiogr 19:1314-1319

Meine TJ, Hanson MW, Borges-Neto S (2004) The additive value of combined assessment of
myocardial perfusion and ventricular function studies. J Nucl Med 45:1721-1724

Douglas PS, Khandheria B, Stainback RF, et al; American College of Cardiology Foundation
Appropriateness Criteria Task Force; American Society of Echocardiography; American Col-
lege of Emergency Physicians; American Heart Association; American Society of Nuclear
Cardiology; Society for Cardiovascular Angiography and Interventions; Society of Cardiovas-
cular Computed Tomography; Society for Cardiovascular Magnetic Resonance. ACCF/ASE/
ACEP/AHA/ASNC/SCAI/SCCT/SCMR (2008) Appropriateness criteria for stress echocardi-
ography: a report of the American College of Cardiology Foundation Appropriateness Criteria
Task Force, American Society of Echocardiography, American College of Emergency Phy-
sicians, American Heart Association, American Society of Nuclear Cardiology, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed Tomog-
raphy, and Society for Cardiovascular Magnetic Resonance: endorsed by the Heart Rhythm
Society and the Society of Critical Care Medicine. Circulation 117:1478-1497

Sohn DW, Chai IH, Lee DJ, et al (1997) Assessment of mitral annulus velocity by Doppler
tissue imaging in the evaluation of left ventricular diastolic function. ] Am Coll Cardiol
30:474-480

Innelli P, Sanchez R, Marra F, et al (2008) The impact of aging on left ventricular longitudinal
function in healthy subjects: a pulsed tissue Doppler study. Eur J Echocardiogr 9:241-249
Pozzoli M, Traversi E, Cioffi G, et al (1997) Loading manipulations improve the prognostic
value of Doppler evaluation of mitral flow in patients with chronic heart failure. Circulation
95:1222-1230





