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Application of strain echocardiography in valvular heart diseases

Introduction

With a rapidly aging population, there is a significant increase 
in the number of patients with valvular heart disease and in its 
morbidity and mortality (1). Optimal clinical risk assessment and 
timing of intervention are crucial for good clinical outcome. Cur-
rent guidelines frequently refer to systolic function assessment 
based on ejection fraction (EF) for clinical decision-making (2). 
However, over the last decade, there is growing evidence on myo-
cardial deformation imaging, specifically strain echocardiography, 
as an indispensable technique for measurement of cardiac func-
tion. Especially global longitudinal strain (GLS) appears to offer 
incremental diagnostic and prognostic information and has the 
potential to become an important parameter for the management 
of patients with various valvular heart diseases (3–5).

In this paper, we review current clinical application of strain 
echocardiography in patients with valvular heart diseases, and 
discuss pathophysiological mechanisms that lead to respective 
findings in specific diseases.

Echocardiographic Assessment of Myocardial Strain
Principles of strain
Strain is a dimensionless measure of tissue deformation. It 

is defined as the relative length change of an object within a 

certain direction (6, 7). Myocardial deformation is determined by 
the spatial orientation of myofibers that simultaneously contract 
in different directions and cause a complex three-dimensional 
deformation. In order to completely describe this deformation, 
three normal strain and six shear strain components are needed. 
As this is impractical for clinical use, myocardial deformation is 
only described by three orthogonal strain components oriented 
along the coordinate system of the ventricle, i.e., longitudinal, 
circumferential, and radial. Rotation, twist, and torsion result-
ing mainly from circumferential–longitudinal shear strains are 
hardly used in the clinic. The complex left ventricular (LV) archi-
tecture and mechanics enables that only 15% of fiber shortening 
results into a 60% change in LVEF.

The interest in separately assessed deformation of endo-
cardial, mid-myocardial, and epicardial layers resulted in the 
concept of layer-specific strain. However, the clinical useful-
ness of this concept has to be questioned. Physiologically, there 
is mechanical coupling between layers, which limits differential 
deformation. In addition, lateral resolution of echocardiographic 
imaging is insufficient to clearly differentiate layers in a myocar-
dial wall of normal thickness (8).

During systole the ventricle undergoes, longitudinal and 
circumferential shortening (represented by negative strain 
values) and radial thickening (represented by positive strain 
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values). All three normal strain components can be utilized for 
describing regional (segmental strain) or global (global strain) 
function of a chamber. The latter is defined as the respective 
deformation of the entire myocardium within an image plane. 
The most commonly used deformation component is global lon-
gitudinal strain (GLS). It is defined as the average myocardial 
deformation of the LV as measured from all three apical views. 
It is currently the most robust and reproducible deformation 
parameter, superior to conventional echocardiographic mea-
surement, such as EF (9, 10). LV GLS in a healthy individual is on 
average approximately –20% (11). Segmental peak strain mea-
surements have a higher variability than GLS (12), so that the 
analysis of segmental strain curve patterns might be a more 
robust alternative.

Further information on the concept of myocardial deforma-
tion and practical guidance for strain measurement are beyond 
the scope of this review, but may be found elsewhere (6, 8, 13).

Echocardiographic techniques for strain assessment
Echocardiography is currently the method of choice for clini-

cal strain assessment. Tissue Doppler imaging (TDI) or speckle-
tracking echocardiography (STE) is used to measure myocardial 
deformation.

TDI was the first echocardiographic technique for obtain-
ing strain measurements. It has been well validated and has 
the highest temporal resolution among all deformation imag-
ing modalities (6). However, the necessity of additional image 
acquisitions and time-consuming post-processing for a com-
prehensive LV analysis are major limitations for routine clinical 
application.

The newer approach, based on tracking speckles from 
frame to frame in the regular grayscale image, enables a fast 
and user-friendly semi- or fully-automatic strain analysis, 
which paved the way into clinical practice. However, STE de-
pends on good image quality and geometry, which limits its 
applicability in patients with suboptimal echogenicity. Further-
more, the limited temporal resolution of underlying gray-scale 
images prevents a reliable analysis of short-lived events during 
isovolumetric periods and in diastole as well as the measure-
ment of velocity and strain rate. Post-processing analysis is 
strongly vendor specific. For example, vendors report by de-
fault either endocardial strain or mid- or full-wall strain, which 
is a relevant cause of intervendor differences in strain mea-
surements next to differences in post-processing algorithms 
(7). However, algorithm-related intervendor differences have 
been substantially reduced following efforts of the European 
Association of Cardiovascular Imaging, American Society of 
Echocardiography and Industry Task Force on strain standard-
ization (7, 14). Latest intervendor comparisons proved an excel-
lent reproducibility of GLS and only a moderate, yet significant, 
bias among vendors (10, 15). The incoherent use of endocardial 
and full-wall strain remains, although currently available evi-
dence is in favour of the full wall approach (16, 17).

The problems with image quality, frame rate, and intervendor 
differences are even more pronounced in 3D STE compared with 
2D STE; hence 3D STE cannot be considered ready for clinical 
use.

Assessing Cardiac Function in Valve Disease
Ejection fraction versus strain
LVEF is incorporated into current guideline-recommended 

treatment strategies for valve diseases, in order to perform in-
terventions in asymptomatic patients with severe valvular dys-
function before developing irreversible LV damage (2). Therefore, 
surgery is recommended in asymptomatic patients with severe 
mitral regurgitation with early signs of LV systolic dysfunction 
(LVEF ≤60% and/or LV end-systolic diameter ≥45 mm). Treatment 
is recommended at LVEF <50% in patients with severe aortic re-
gurgitation or aortic stenosis. However, assessment of systolic 
dysfunction in valvular heart disease is challenging. LVEF rep-
resents only a relative volume change from end-diastole to end-
systole and does not account for the complexity of myocardial 
mechanics. This volume-based parameter has an important limi-
tation in reflecting systolic function in altered loading (pressure 
and volume) conditions, which are inherently present in patients 
with valve diseases.

LVEF is often in the “supernormal” range in regurgitant val-
vular lesions and therefore a poor representative of systolic 
myocardial function (18, 19). In mitral regurgitation, LVEF over-
estimates cardiac function as it reflects both the aortic forward 
stroke volume and regurgitant volume pumped into the low-
pressure left atrium. Consequently, LVEF can remain in a nor-
mal range for a long time and may mask subtle early reductions 
in contractility (19). Stenotic lesions present with concentric 
remodeling with increased wall thickness and reduced cav-
ity diameter; hence EF can remain preserved despite reduced 
shortening of the myofibers (20). Therefore, LVEF can only detect 
LV systolic dysfunction in a relatively advanced stage of disease 
when a relevant myocardial contractile dysfunction has already 
developed.

Myocardial deformation imaging, however, may be supe-
rior in detecting subtle dysfunction (18, 19, 21). Longitudinal LV 
strain is the most vulnerable component of LV mechanics. In an 
early stage of disease, impaired longitudinal deformation is often 
compensated by an augmented circumferential function, which 
keeps the LVEF within a normal range (20). It has been shown 
that circumferential strain contributes more than twice as much 
to LV as longitudinal strain. Therefore, detection of early cardiac 
dysfunction in valve disease is one of the most promising indica-
tions of strain imaging (3–5, 22, 23).

Factors Influence Strain Values in Valve Disease
The management of valve disease relies to a large extent 

on the assessment of cardiac function. LVEF is considered to 
be an essential measurement for this, however, it is both pre-
load- and afterload-dependent. The same accounts for strain, 
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as myocardial deformation depends on contractile properties 
of the myocardial fibres (“contractility”), but also on their load-
ing conditions (pre- and after-load), chamber geometry, dys-
synchrony, and segment interactions (8). Therefore, abnormally 
low strain values are not necessarily a sign of myocardial 
dysfunction, while normal values do not automatically exclude 
diseases.

In this review, we explain how deformation should be inter-
preted in the light of changed loading, ventricular geometry, and 
shape with a focus on valve disease. Information on other pa-
thology may be found elsewhere (8).

Loading
Basic physiological experiments showed that in the setting 

of an unchanged contractile state, a change in loading would in-
fluence myocardial deformation (24–26). Results confirmed that 
myocardial strain can decrease with increasing afterload and 
can increase with increasing preload.

In animal experiments, an acute afterload increase of 20 
mm Hg by aortic banding resulted in an absolute decrease in 
longitudinal strain of approximately 3% (25). Similarly, in the ex-
perimental model mimicking the effects of progressive aortic 
valve stenosis with chronic increase in afterload, decrease in 
all deformation components were observed (27). Longitudinal 
strain was the most altered, particularly in the basal septal 
segments, which were shown to be the most sensitive seg-
ments to changes in pressure overload. On the other hand, 
rapid decrease in afterload induced by percutaneous aortic 
valve replacement led to acute increase in longitudinal strain. 
A mean decrease of transaortic mean pressure gradient of 38 
mm Hg resulted in an increase of longitudinal strain measured 
with TDI from −11±5% to −17±9% (28). Additionally, multivari-
able analysis demonstrated that end-systolic strain relates 
more to altered afterload than to any other determinant of 
overall cardiac performance (24). These results indicated that 
the effect of afterload on strain is so profound that it can be 
dominating over changes in contractility.

In clinical experiments, preload reduction by a tilt-table test 
resulted in an acute 5% absolute and 25% relative decrease in 
GLS in an upright versus a supine position (29). A similar trend 
was also observed in circumferential strain components. These 
results indicate a clinically important preload dependency of 
myocardial strain and confirm the Frank-Starling concept that 
pre-stretching of myofibers augments myocardial contraction. 
In chronic preload increase (e.g. in patients with valve regurgita-
tion), a biphasic behaviour of myocardial strain is observed: In 
the early phase of mitral or aortic regurgitation, when myocar-
dial contractility is still preserved, strain values are increased 
(18, 19, 30). This suggests that strain values in the early stage of 
valvular regurgitation reflect volume overload rather than chang-
es in contractility. Over time, strain normalizes with the adaptive 
remodeling of the ventricle and eventually progressively de-
creases when LV myocardium begins to fail.

Chamber geometry
Abovementioned example shows that interpretation of clini-

cal strain measurements becomes complex when the evolution 
from acute to chronic effects is observed, as chronic load altera-
tions result in myocardial remodelling, which additionally affects 
myocardial deformation.

Chronic pressure overload (e.g., in patients with valve steno-
sis) results in increasing wall thickness and decreasing chamber 
size that helps to keep wall stress in an acceptable range. Both 
changes augment EF and can virtually maintain a normal EF for 
a long time despite reduction of both longitudinal and circumfer-
ential strain (Fig. 1a) (20). In an advanced stage of chronic pres-
sure overload, the increased wall stress results in myocardial 

Figure 1. A theoretical model of relationship between chamber 
geometry and strain. (a) In the left ventricle (LV) with increased wall 
thickness, less global longitudinal (GLS) and circumferential (GCS) 
shortening is required to maintain the same ejection fraction (EF). 
Data from Stokke et al. (20) (b) An increase in LV end-diastolic volume 
(EDV) with no change in stroke volume (SV) results in a decrease in 
deformation (1.), while increased SV leads to increased deformation 
(2.). Data from Marciniak et al. (19)
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fibrosis and myocyte degeneration (27), which leads to contrac-
tile dysfunction and impaired performance. Experimental stud-
ies showed that in LVs with chronically increased afterload and 
normal EF, longitudinal strain reduction is more the consequence 
of hypertrophic remodeling rather than loading and fibrotic re-
modeling. The relative contribution of hypertrophy to alter GLS 
was 62%, while the contribution of fibrotic remodeling and after-
load was 38%. Therefore, a reduced strain per se is not a marker 
of impaired myocardial function in diseases with chronically in-
creased afterload and cardiac remodeling.

A slow chronic increase in preload (e.g., in patients with valve 
regurgitation) imposes a volume overload on the chamber, which 
leads to an adaptive remodelling with increasing chamber size 
and increasing stroke volume. The complex dependency of de-
formation, chamber geometry, and stroke volume was very nicely 
explained in a mathematical simulation (19) which showed that 
increase in chamber size, without any change in stroke volume or 
contractility, leads to a decrease in deformation, while deforma-
tion increases with increasing stroke volume (Fig. 1b). Therefore, 
in the early phase of valve regurgitation, strain values increase 
or remain unchanged due to a balance of increased chamber di-
mensions and increased stroke volume (18, 19, 30). In advanced 
disease, when all compensatory mechanisms of remodeling are 
exhausted and wall stress becomes too high, irreversible chang-
es occur in the myocardium and result in the development of 
contractile dysfunction and impaired myocardial deformation (18, 
19). These studies therefore confirmed that strain is not directly 
related to the degree of mitral or aortic regurgitation itself, but 
determined by the interaction between chamber volume, stroke 
volume, and the contractility of the muscle.

In the clinic, loading effects and adaptive structural re-
modeling regularly influence each other, so that the contrac-
tile state of the myocardium is hard to establish from a single 
strain measurement alone. Different proposals have been made 
to overcome the dependency of strain on load and geometry: 
Some authors advised that myocardial strains should always 
be assessed together with end-systolic wall stress in order to 
separate the effect of myocardial dysfunction and afterload (31). 
Similarly, correcting myocardial strain for changes in geometry 
could be a sensitive way of detecting early LV dysfunction in 
valve disease with regurgitant lesions (18, 19, 21). Compared with 
the absolute strain values, normalized longitudinal strain values 
to end-diastolic volume demonstrated markedly less overlap 
between patients with aortic regurgitation and control group 
(18, 21). However, further larger outcome studies are needed to 
evaluate if these proposed approaches lead to parameters with 
better prognostic value.

Recent Clinical Applications
Recent studies suggested that strain echocardiography might 

be useful to improve the assessment of myocardial function in 
valve diseases, particularly in detecting subclinical dysfunction 
and defining the timing of interventions. However, a majority of 

studies focused on aortic and mitral valve disease, while data on 
right-sided valve diseases are limited. Table 1 summarizes the 
main echocardiographic studies that suggested a clinical utility 
of strain echocardiography in valvular heart diseases.

Aortic stenosis
In patients with aortic stenosis, GLS progressively worsens 

with increasing disease severity (from −18.2±2.1% in mild to 
−13.3±3.7% in severe aortic stenosis) (Fig. 2) (32). Longitudinal 
strain has been shown to be a strong predictor of all-cause mor-
tality independent of stenosis severity and EF or other known 
predictors (Fig. 3a) (32–35). Additionally, in symptomatic severe 
aortic stenosis, either high-gradient or low-flow, low-gradient, 
preoperative GLS was associated with long-term postoperative 
cardiac mortality and morbidity in all therapeutic approaches in 
either surgical or transcatheter aortic valve replacement (3, 36).

In asymptomatic severe aortic stenosis and normal EF, a GLS 
worse than −18.2% has been shown to be associated with disease 
progression, evidenced by symptoms onset and need for valve 
intervention (22). Similarly, others have shown that a GLS better 
than −17% is associated with excellent 5-year event-free survival 
(Fig. 4a) (35). In a recent meta-analysis including 1067 patients, a 
GLS worse than −14.7% predicted occurrence of death with 60% 
sensitivity and 70% specificity and was associated with a >2.5-
fold increased risk of death (37). Current studies suggest that STE 
might identify asymptomatic patients with severe aortic stenosis 
who would benefit from earlier intervention than recommended 
in recent ESC/EACTS guidelines (2). Interestingly, the Heart Valve 
Clinic International Database (HAVEC) group recommended to 
incorporate GLS into therapeutic decision-making (38). Thus, pa-
tients with asymptomatic severe aortic stenosis with GLS worse 
than −16.0% and other high-risk factors (high-calcium score on 
cardiac computer tomography and myocardial fibrosis detected 
by magnetic resonance) may be considered for intervention. A 
similar algorithm was recently proposed by Dahl et al. (39).

Aortic regurgitation
Patients with symptomatic moderate-to-severe and severe 

aortic regurgitation have more impaired GLS than those without 
symptoms (−14.9±3.0% vs. −16.8±2.5%) (23). In asymptomatic pa-
tients, the risk of death continuously increases as GLS worsens 
beyond −19% (Fig. 4b) (4). In the same study, GLS significantly 
improved the reclassification of mortality risk (Fig. 3b) and was 
independently associated with the need for aortic valve surgery 
in asymptomatic patients with moderately severe or severe aor-
tic regurgitation and preserved EF (4, 40). In patients undergoing 
aortic valve surgery, preoperative GLS worse than −19% was 
associated with reduced long-term survival after surgical pro-
cedure (41).

Mitral regurgitation
In patients with severe primary mitral regurgitation under-

going interventions, preoperative GLS is an independent pre-
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dictor of cardiovascular events and death and appears to have 
incremental predictive value over conventional clinical and 
echocardiographic risk factors (Fig. 3c) (5, 30, 42, 43). One of the 
largest studies revealed that mitral valve surgery in patients 

with asymptomatic severe mitral regurgitation was beneficial 
with respect to outcome (all-cause mortality), particularly in 
those with GLS worse than –21% (Fig. 4c) (30). In addition, pre-
operative GLS worse than -18.1% predicted postprocedural LV 

Table 1. Clinical application of myocardial strain in valve diseases

Author, year (ref.) n Clinical outcome  GLS cutoff (%) Vendor

Aortic stenosis

Ng et al., 2014 (32) 688 Predict all-cause mortality in a wide range of AS and EF -14.0% GE, EchoPac 108.1.5

Kusunose et al., 2014 (33) 395 Predict all-cause mortality in N/A Siemens Syngo VVI

  moderate-severe and severe AS with preserved EF

Huded et al., 2018 (35) 504 Predict all-cause mortality -17.0% Siemens Syngo VVI

Salaun et al., 2018 (34) 582 Predict all-cause mortality in moderate and -13.75%* GE, EchoPac

  severe AS and preserved EF

Vollema et al., 2018 (22) 220 Predict symptoms development and need for aortic -18.2% Various

  valve interventions in asymptomatic severe AS  (GE and TomTec)

Dahl et al., 2012 (3) 125 Predict outcome (cardiovascular mortality, cardiac hospitalization N/A GE, EchoPac PC 08

  because of worsening of HF) in severe symptomatic AS

D’Andrea et al., 2019 (36) 75 Predict positive LV reverse remodeling after TAVR in LFLG AS -12.0% GE, EchoPac 202

Aortic regurgitation

Alashi et al., 2018 (4) 1063 Predict all-cause mortality in asymptomatic -19.5% Siemens Syngo VVI

  severe AR with preserved EF

  Predict outcome (all-cause mortality, perioperative complication,

  in-hospital stroke, atrial fibrillation, and readmission) after AVR

Ewe et al., 2015 (23) 129 Predict progression during conservative management and need -17.4% GE, EchoPac 110.0.0

  for AVR in asymptomatic moderately severe and

  severe AR and preserved EF

Alashi et al., 2020 (41) 865 Predict all-cause mortality after AVR in asymptomatic -19.0% Siemens Syngo VVI

  severe AR with preserved EF

  Persistent impaired GLS or worsening of GLS by 5% in

  absolute value from baseline was related with mortality after AVR

Kusunose et al., 2014 (40) 159 Predict need for AVR in asymptomatic moderately severe  N/A Siemens Syngo VVI

  to severe AR and preserved EF

Mitral regurgitation

Mentias et al., 2016 (30) 737 Predict all-cause mortality in asymptomatic patients -21.0% Siemens Syngo VVI

  with significant primary MR and preserved LV EF

Kim et al., 2018 (5) 506 Predict outcome (HF, reoperation, and death) after -18.1 %  TomTec, Image Arena

  surgery for severe primary MR  version 4.6

  Related with long-term LV dysfunction after valve procedure

Witkowski et al., 2013 (51) 233 Predict postoperative LV dysfunction in -19.9% GE, EchoPAC 108.1.5

  moderate-severe primary MR

Hiemstra et al., 2020 (42) 593 Predict outcome (all-cause mortality, HF, and  -20.6% GE, EchoPAC

  cerebrovascular accident) after surgery for severe primary MR  version 112

Alashi et al., 2016 (43) 448 Predict postoperative LV dysfunction and mortality  N/A Siemens Syngo VVI

  in asymptomatic severe primary MR

Namazi et al., 2020 (44) 650 Predict all-cause mortality in moderate and severe secondary MR -7.0% GE, EchoPAC 201.0.0

*Apical four-chamber longitudinal strain
AR - aortic regurgitation; AS - aortic stenosis; AVR - aortic valve replacement; EF - ejection fraction; GLS - global longitudinal strain; HF - heart failure; LFLG - low-flow, low-gradient;
LV - left ventricle; MR - mitral regurgitation; N/A - not available; TAVR - transcatheter aortic valve replacement; n-number of patients
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Figure 3. Incremental prognostic value of left ventricular global longitudinal strain (GLS) to traditional risk factors (T) in predicting mortality in 
valve disease. (a) Aortic stenosis: traditional risk variables are New York Heart Association (NYHA) classification and additive EuroSCORE. Data 
from Kusonose et al. (33) (b) Aortic regurgitation: traditional risk variables are Society of Thoracic Surgeons score, right ventricular systolic 
pressure (RVSP), and indexed left ventricular end-systolic diameter (LV ESD). Data from Alashi et al. (4) (c) Mitral regurgitation: traditional risk 
variables are age, atrial fibrillation (AF), NYHA classification, estimated glomerular filtration rate, left ventricular end-diastolic diameter (LV EDD), 
left ventricular ejection fraction (LV EF), and right ventricular systolic pressure (RVSP). Data from Hiemstra et al. (42)
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dysfunction in patients undergoing mitral valve surgery (5). In-
terestingly, the GLS reported in these studies was higher than 
what is considered the lower limit of normal, which indicates 
that strain values that are otherwise considered normal are 
already associated with impaired outcome in patients with pri-
mary mitral regurgitation.

Large studies evaluating the clinical utility of strain in sec-
ondary mitral regurgitation are limited. Recently, a retrospective 
analysis of 650 patients with moderate and severe secondary mi-
tral regurgitation demonstrated that GLS worse than −7.0% was 
associated with increased risk for all-cause mortality, whereas 
LVEF was not (44). The lower GLS found in this study compared 
to those with primary regurgitation may be explained with spe-
cific high-risk patient population that was investigated. The 
study population mostly comprised of patients with advanced 
heart failure with a mean EF of 29±10%, half of which had an 
ischemic cardiomyopathy.

Mitral stenosis and right-sided valve diseases
Studies evaluating clinical application of strain echocardiog-

raphy in mitral stenosis or right-sided valve diseases are small 
and limited.

Patients with severe mitral stenosis have reduced LV defor-
mation which is related to the severity of mitral stenosis (45, 46). 
Improvement in strain values was detected within 72 hours after 
balloon mitral valvuloplasty.

The potential prognostic value of right ventricular (RV) lon-
gitudinal strain was found in patients with significant tricus-
pid regurgitation (47). Impaired RV free wall longitudinal strain 
(worse than −23%) was associated with worse outcome with a 
prognostic value beyond conventional echocardiographic pa-
rameters of RV systolic function.

In patients with pulmonary valve disease undergoing per-
cutaneous pulmonary valve implantation, preinterventional RV 

longitudinal strain can predict improvement of exercise function 
after intervention (48).

Future Perspectives
An ever-growing evidence leaves no doubts about the future 

importance of strain imaging in valvular heart diseases. It has been 
convincingly shown that longitudinal strain has an independent 
and incremental prognostic value to standard echocardiographic 
and clinical parameters. However, some open issues need to be 
discussed before it is widely implemented in clinical practice.

First, the variability of proposed GLS cutoffs in predicting 
clinical outcome might be one of the main limitations for incor-
porating strain measurement into clinical guidelines and deci-
sion-making algorithms. Cutoff values vary significantly between 
different valvular heart diseases (Table 1), suggesting that un-
derling pathology and disease`s specific alterations in chamber 
geometry and loading play a role. Therefore, disease-specific 
cutoffs need to be defined. As a rule of thumb, a strain value 
worse than normal is associated with worse outcome (Fig. 4). 
In addition, some variability may also be attributed to technical 
reasons, such as intervendor variability and strain definitions. 
Furthermore, different studies define clinical endpoints and fol-
low-up periods differently.

Second, recent studies showed the usefulness of strain 
echocardiography for risk stratification of asymptomatic patients 
with severe valve disease, suggesting that GLS could be an im-
portant complementary parameter for patient management deci-
sions toward earlier interventions. However, these results arise 
from retrospective or prospective observational cohort studies. 
Hence, large randomized trials are needed to analyze the effec-
tive benefit of GLS and early interventions in asymptomatic pa-
tients with valve diseases.

Finally, given the load dependence of strain measurements, 
a load-independent marker of systolic function is still needed. 

Figure 4. Normogram of estimated risk of death at 5 years for left ventricular global longitudinal strain (GLS) in valve diseases: (a) Aortic stenosis, 
(b) aortic regurgitation, and (c) mitral regurgitation. Solid blue line represents the 5-year parametric estimates of instantaneous risk of death, 
respectively, enclosed by 68% confidence interval (shaded area). The GLS value where the risk of death continuously increased is marked in 
every group by red dashed line. Data from Huded et al. (35), Alashi et al. (4), and Mentias et al. (30)
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The new concept of myocardial work, which integrates defor-
mation assessed by STE with afterload information estimated 
by LV pressure, potentially offers a solution (49). The recently 
proposed LV stress–strain loop areas as an index of myocardial 
work integrates in addition information on wall thickness and ra-
dius of curvature and uses so an estimate of wall stress rather 
than pressure (50). The concepts may be of particular interest in 
conditions where loading and geometry are altered, as it is often 
the case in valvular heart disease.

Conclusion

Strain echocardiography in valvular heart disease has dem-
onstrated to be a useful complementary echocardiographic 
method that can identify patients at risk of developing symptoms 
or poor survival and might assist in therapeutic decision-making. 
However, a profound understanding of the complex interaction 
between loading conditions, chamber geometry, and contractil-
ity is necessary for the correct interpretation of myocardial de-
formation in order to draw appropriate conclusions in patients 
with valve disease.
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