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Abstract 

Background:  Echocardiography has been the choice for imaging modality for valvular heart disease. It is less inva-
sive, widely available, and allows valvular structure visualization. Echocardiographic assessment often also determines 
the management. Left ventricular ejection fraction is the most commonly used indicator during echocardiography 
assessment. It shows signs of left ventricular dysfunction in patients with valve disease. However, most of the time, 
the ongoing process of cardiac damage may already occur even with preserved cardiac function; further deteriorated 
ejection fraction will show irreversible cardiac damage. There is a need for a more advanced diagnostic tool to detect 
early cardiac dysfunction, to prevent further damage.

Main body:  Advanced echocardiography imaging using strain imaging allows a physician to evaluate cardiac func-
tion more precisely. A more sensitive parameter than left ventricular ejection fraction, global longitudinal strain, can 
evaluate subclinical myocardial dysfunction before the symptoms occur by evaluating complex cardiac mechanisms. 
Global longitudinal strain evaluation provides the chance for physicians to determine the intervention needed to 
prevent further deterioration and permanent cardiac dysfunction. Global longitudinal strain is proven to be beneficial 
in many types of valvular heart diseases, especially in mitral and aortic valve diseases. It has an excellent diagnostic 
and prognostic value for patients with valve disease. This review aims to present the superiority of global longitudi-
nal strain compared to left ventricular ejection fraction in assessing cardiac function in patients with valvular heart 
disease. Clinical usage of global longitudinal strain in several valvular heart diseases is also presented in this review.

Conclusions:  The superiority of global longitudinal strain to left ventricular ejection fraction relies on the mechanism 
where other strains would compensate for the deterioration of longitudinal strain, which is more vulnerable to dam-
age, so the cardiac function is preserved. Therefore, examination of longitudinal strain would give the physician early 
signs of cardiac function impairment, and prompt management can be conducted.

Keywords:  Global longitudinal strain, Myocardial deformation, Valvular heart disease, Strain imaging

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Background
Valvular heart diseases (VHD) remain a health burden. 
In Europe, the prevalence of VHD is around 13.3 mil-
lion, with aortic stenosis and mitral regurgitation becom-
ing the most common types of VHD [1, 2]. In the US 
population, about 2.5% population experienced valvular 

heart disease, which increased in the older age popula-
tion [3]. It is known that VHD is related to the devel-
opment of heart failure, especially the moderate and 
severe one that was found in 14% of patients with heart 
failure suspicion [4]. The management of VHD is based 
on the clinical symptoms and evidence of impairment 
of cardiac function [5, 6]. Imaging examination is essen-
tial in evaluating the valve and in determining cardiac 
dysfunction. Echocardiography is widely available and 
has an excellent diagnostic value for evaluating cardiac 
function in patients with the suspected valvular disease 
[7]. Furthermore, the evaluation of cardiac function by 
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assessing left ventricular ejection fraction (LVEF) can be 
an essential indicator to determine the need for an inva-
sive management strategy [5, 6, 8]. However, a disruption 
in myocardial function might already occur even though 
the ejection fraction is still normal. When the LVEF is 
already impaired, the myocardial damage may be irre-
versible [9]. Therefore, an examination to determine early 
cardiac dysfunction before LVEF impairment may pre-
vent further damage to the myocardial structure. Global 
longitudinal strain (GLS) is a superior parameter to LVEF 
because it can be used to note subclinical myocardial 
dysfunction [10]. GLS also shows good feasibility and 
is beneficial in evaluating mild cardiac dysfunction [11, 
12]. In this review, we aimed to explain the role of GLS 
assessment in VHD patients and the mechanism.

Main text
Strain imaging: general principle and association 
with myocardial deformation
Strain is an indicator that gives information about any 
alteration in the length of a segment relative to the 
baseline length measurement and is presented as a 
percentage [13]. Myocardial tissue, as a three-dimen-
sional object, has three strains. The analysis of the 
strain presents myocardial deformation and correlates 
with stroke volume. Deformation of the left ventricle 
is affected by three normal strains (longitudinal, cir-
cumferential, and radial) and three shear strains (lon-
gitudinal–radial, longitudinal–circumferential, and 
circumferential–radial). The longitudinal strain occurs 
from the base to the apex when the mitral valve con-
tracts, shown as negative strain. Radial strain is shown 
as a positive strain value, reflecting the relative thick-
ening of the left ventricular (LV) wall. Lastly, cir-
cumferential strain represents the counterclockwise 
movement of myocardial tissue from base to apex, pre-
sented as a negative value. Positive strain defines the 
thickening, and negative strain value defines shorten-
ing. Some factors such as loading, preload, and after-
load alteration influence the strain measurement. 
[13]. Patients with VHD may have changes in LV load 
that lead to LV geometric alteration. A study by Cra-
mariuc et al. showed that patients with aortic stenosis 
were associated with a lower myocardial longitudinal 
deformation even though the LVEF was in the normal 
range [14]. This finding proved that GLS might provide 
subclinical cardiac involvement in VHD patients. GLS 
represents myocardial deformation in the longitudinal 
plane during the systolic phase [15]. Subendocardial 
fibers have a role in longitudinal LV contraction, which 
is affected by increased wall stress [16]. Some studies 
also pointed out that the myocardial function evalua-
tion by strain evaluation would give an additional value 

in several valve diseases [17, 18]. Yingchoncharoen 
et  al. also showed that GLS could predict outcomes 
(death and valve replacement) in asymptomatic aortic 
stenosis patients with normal ejection fraction (Hazard 
ratio = 1.14, 95% CI 1.01–1.28, p = 0.037) [19].

Factors affecting strain values in VHD
Several factors could influence the strain measurement, 
such as load, structure (geometry), and tissue charac-
teristics (shown in Fig. 1) [20–22].

Loading factors
Alteration in both preload and afterload could influ-
ence myocardial deformation differently. Increased 
preload would increase myocardial strain, whereas an 
increased afterload would decrease myocardial strain 
[22]. An observational study examined the change in 
strain related to an acutely decreased preload. The sub-
jects were tilted to reduce the preload, and there was a 
25% decrease in the GLS measurement [23]. However, a 
different phenomenon might occur in chronic preload 
increase. In the beginning, the strain measurement 
would increase due to the normal function and became 
lower because the ventricle started to fail [22, 24]. The 
systolic strain was also shown to be increased after 
administration of glyceryl trinitrate sublingually in a 
study by Burns et al. This study highlighted the role of 
afterload reduction as the main factor even though both 
afterload and preload were decreased [20]. The longitu-
dinal strain was also reduced due to an increased after-
load in aortic stenosis patients [25].

VALVULAR HEART 
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Fig. 1  Several factors influence strain values in VHD
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Structure (geometry)
The geometry of the ventricle affects the mechanism of 
how chamber pressure can be translated into wall stress 
and how strain can be translated into volume alteration. 
Patients with VHD may develop cardiac remodeling due 
to pressure overload. This will lead to the thickening of 
the walls and decreasing chamber size. These changes are 
meant to maintain the heart function (assessed by ejec-
tion fraction) despite decreasing longitudinal and cir-
cumferential strain values [26, 27].

Tissue characteristics
Strain values are also determined by the myocardial tis-
sue characteristics such as fibrosis and depositions. Many 
factors such as ischemic process, cardiotoxicity due to 
chemotherapy, and the genetic and infiltrative disease 
may lead to myocardial damage and decrease heart func-
tion. The longitudinal strain may be reduced in the early 
phase because the subendocardial often becomes the first 
to be affected [22].

GLS versus LVEF in VHD
LVEF has been one of the several parameters to deter-
mine cardiac function and is also recommended to 
determine the management of valvular heart diseases 
according to the guideline [5]. It presents both the length 
and diameter change of the chamber. The length aspect 
represents longitudinal strain, and the diameter aspect 
represents circumferential and radial strain [22]. Cardiac 
load is one of several factors that influences LVEF [28]. In 
pathological valve conditions, there is a change in cardiac 
preload and afterload [29]. These conditions become a 
challenge for assessing LVEF in patients with VHD. LVEF 
only reflects the relative volume alteration between the 
end-diastole and end-systole phase and does not assess 
the myocardial mechanic. Therefore, LVEF has limita-
tions in assessing cardiac function in abnormal hemo-
dynamic conditions [30]. Impaired LVEF often shows a 
more severe stage of the disease and an irreversible myo-
cardial failure [9, 31].

On the other hand, GLS has the ability to detect any 
early and subclinical left ventricular dysfunction [32]. 
GLS measures cardiac function and is not influenced by 
geometric assumptions [33–35]. Strain can directly eval-
uate myocardial deformation in a 16-segment model [36]. 
GLS may become a better parameter than LVEF because 
it is more sensitive in detecting any alteration in long axis 
shortening. This sensitivity comes from the vulnerability 
of the longitudinal strain when damage occurs. Stokke 
et  al. explained that circumferential strain would com-
pensate for the longitudinal strain so that the LVEF can 
be maintained at a normal value. Therefore, GLS can be 

used to evaluate early cardiac function in VHD patients 
when the LVEF is still preserved [26, 37–39]. Further-
more, compared to the two other strains (circumferential 
and radial), the longitudinal strain is also shown to be 
more reproducible and applicable in clinical settings [40, 
41].

Clinical application of GLS in valvular heart diseases
GLS becomes a superior parameter compared to LVEF 
in assessing cardiac function. The European Association 
of Cardiovascular Imaging (EACVI) and the American 
Society of Echocardiography (ASE) also acknowledged 
the benefit of GLS over LVEF [42].

Aortic valve diseases
Several studies have shown the beneficial use of GLS 
as a prognostic value in aortic stenosis patients. Vol-
lema et  al. evaluated LV GLS in asymptomatic severe 
aortic stenosis patients with preserved LVEF. This 
study showed that patients with AS had a significantly 
impaired LV GLS compared to the control group 
(mean [SD] LV GLS, − 17.9% [2.5%] vs. − 19.6% [2.1%]; 
p < 0.001) despite the comparable LVEF. The median fol-
low-up (12 months) also showed the more impairment 
of GLS (mean [SD] LV GLS, − 18.0% [2.6%] to − 16.3% 
[2.8%]; p < 0.001) with unchanged LVEF. These data 
showed a developing subclinical LV dysfunction over 
time [43]. These findings were also consistent with the 
previous study by Lafitte et al. that showed a significant 
impairment of LV GLS in asymptomatic severe aortic 
stenosis patients, while there were no changes in the 
LVEF [44]. Vollema et  al. were also able to show that 
patients who had impaired LV GLS at baseline had 
a higher risk of developing symptoms and required 
interventional therapy compared to patients with pre-
served LV GLS [43]. These findings could determine the 
need for valve intervention before the deterioration of 
LVEF to prevent irreversible cardiac remodeling (e.g., 
myocardial fibrosis) [43, 45]. LV GLS measurement is 
also useful as a predictor of mortality. Kusunoese et al. 
showed that LV GLS was an independent predictor of 
mortality (hazard ratio [HR], 1.05; 1.03–1.07; p < 0.001) 
[46]. Ng et  al. found an independent relation between 
LV GLS and all-cause mortality. Individuals with severe 
AS who had normal LVEF but abnormal LV GLS had 
the similar poor long prognosis as patients with severe 
AS who had impaired LVEF. Patients with abnor-
mal LV GLS had a higher mortality risk, regardless of 
LVEF or AS severity. This may have relevance for the 
appropriate time to replace an aortic valve in individu-
als with severe AS. This study also found that patients 
with severe aortic stenosis with subclinical cardiac 



Page 4 of 8Purwowiyoto and Halomoan ﻿The Egyptian Heart Journal           (2022) 74:46 

dysfunction had higher mortality than the patients with 
stable LV GLS [47]. Example of decreased GLS in AS 
patients with normal LVEF is presented below (shown 
in Fig. 2).

GLS measurement in aortic regurgitation is less stud-
ied. However, several studies were able to show the 
role of GLS in aortic regurgitation patients. A study by 
Alashi et al. showed that lower LV GLS had a prognos-
tic value for mortality in the long term. The study was 
conducted on asymptomatic patients with aortic regur-
gitation and preserved cardiac function. The mortality 
risk at 5 years was also increased if the LV GLS value 
was lower than − 19.5%. In addition, according to the 
findings of this study, LV GLS has both incremental and 
additive prognostic value. Using LV GLS might provide 
a synergistic improvement in risk reclassification in 
individuals with severe MR prior to the development of 
overt LV systolic failure or symptoms. As a result, LV 
GLS might assist as basis for further optimizing treat-
ments in asymptomatic individuals before to the devel-
opment of atrial fibrillation or pulmonary hypertension 
[48]. Another study presented the data on symptomatic 
versus asymptomatic aortic regurgitation patients. The 
value of LV GLS in symptomatic patients was lower 
than in the asymptomatic patients (− 14.9 ± 3.0% 
vs. − 16.8 ± 2.5%, p < 0.001) [49]. This study also found 
that of all asymptomatic patients, some of the patients 

who were indicated for surgery had more impaired LV 
GLS values [39].

Mitral valve diseases
Mitral regurgitation is a common valvular disease glob-
ally and can be classified into primary and secondary 
mitral regurgitation [49]. In primary mitral regurgitation, 
cardiac dysfunction may not be shown by an impaired 
LVEF. The absence of afterload causes a condition of 
hyperdynamic LVEF, so the LVEF may still be normal 
even though the myocardial starts to deteriorate [10]. 
Many studies examined the use of LV GLS measurement 
as an outcome predictor after surgery and associated 
with mortality. Mentias et  al., in their study, examined 
737 patients with asymptomatic primary severe mitral 
regurgitation with preserved cardiac function. In this 
study, LV GLS <  − 21.7% was associated with mortality 
[24]. However, the cutoff of the GLS value in the study 
was slightly higher than the lower limit of normal. This 
might suggest that in primary mitral regurgitation, the 
GLS value, which was considered normal, had already 
been related to a worse outcome [30]. Mascle et al. stud-
ied the role of preoperative GLS as a predictor value of 
postoperative LVEF. This study showed that patients with 
postoperative LVEF < 50% had worse preoperative GLS 
than the patients with LVEF at least 50% postoperatively 
(− 17.0% ± 2.8% vs. − 19.6% ± 3.6%, p < 0.01). However, 

Fig. 2  Aortic stenosis patients with normal LVEF but impaired GLS show dysfunction of the left ventricle
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the preoperative LVEF measurement showed no dif-
ferences [50]. A study by Alashi et  al. also showed that 
preoperative GLS was an independent predictor for post-
operative impaired LVEF (< 50%) and all-cause mortality 
[51].

In secondary mitral regurgitation, GLS is also supe-
rior to LVEF in showing cardiac function. Kamperidis 
et al. showed that patients with severe secondary mitral 
regurgitation had more impaired GLS than the ’none or 
less than mild’ secondary mitral regurgitation patients 
with comparable LVEF [52]. The study on the evaluation 
of mitral stenosis by GLS is limited. However, a study 
by Gerede et al. was able to show the association of LV 
GLS with the progression of mitral stenosis. In this study, 
patients with a GLS value worse than − 16.98% had a 
more progressive condition [53]. This study showed that 
GLS measurement could be done to evaluate the progres-
sion of mitral stenosis.

Other valve diseases
There are very limited studies about GLS application in 
tricuspid and pulmonary valve disease. However, several 

studies were able to show the benefit of GLS measure-
ment. Right ventricular (RV) longitudinal strain was 
superior to other echocardiographic measurements and 
was related to outcome in patients with tricuspid regur-
gitation [54]. In pulmonary valve disease, preintervention 
RV longitudinal strain was used as a predictor of function 
after valve intervention [55]. Studies of GLS application 
in VHD are shown in Table 1.

There is no consensus on the standard GLS value used 
as a benchmark for determining left ventricular dysfunc-
tion in patients with VHD. However, Dahl et al. proposed 
a new algorithm for asymptomatic patients with severe 
aortic stenosis (Fig. 3). Further algorithms for other valve 
diseases are needed [56].

Conclusion
Assessment of global longitudinal strain in valvular 
heart disease is beneficial and superior to LVEF because 
of the ability to detect cardiac dysfunction in asympto-
matic patients due to compensation by other groups 
of strain. This advantage of GLS can be further used 
to determine the therapeutic strategy for the patients. 

Table 1  Summary of studies showing GLS application in valvular heart disease

AR, aortic regurgitation; AS, aortic stenosis; LVEF, left ventricular ejection fraction; LV GLS, left ventricle global longitudinal strain; MR, mitral regurgitation; MS, mitral 
stenosis

References n Patients Method Clinical application and GLS cutoff

Aortic stenosis

Vollema et al. [43] 220 Asymptomatic patients with severe AS Interobserver LV GLS was impaired despite comparable 
LVEF, cutoff − 18.2%

Lafitte et al. [44] 65 Asymptomatic patients with severe AS Intraobserver To evaluate exercise tolerance and patients’ 
outcomes, cutoff: − 18%

Kusunose et al. [46] 395 Patients with severe AS preserved LVEF Intraobserver and interobserver LV GLS gave an additional prognostic value 
and predicts mortality in moderate–severe 
and severe AS patients, cutoff: N/A

Ng et al. [47] 688 Patients with mild, moderate, and severe 
AS

Intraobserver and interobserver LV GLS may be used to stratify the risk in 
severe AS patients and may affect the tim-
ing of valve replacement, cutoff − 14%

Aortic regurgitation

Alashi et al. [48] 1063 Patients with chronic aortic regurgitation 
and preserved LVEF

Intraobserver and interobserver LV GLS was related to longer-term mortal-
ity despite preserved ejection fraction, 
cutoff − 19.5%

Ewe et al. [39] 129 Patients with moderate–severe or severe 
AR with preserved LVEF

interobserver In patients with asymptomatic AR, GLS 
may identify the needs for surgery during 
follow-up, cutoff − 17.4%

Mitral regurgitation

Mentias et al. 24 737 Patients with asymptomatic primary MR 
and preserved LVEF

Intraobserver and interobserver Resting LV GLS was related to mortality, 
cutoff − 21%

Alashi et al. [51] 448 Patients with asymptomatic MR and 
preserved LVEF

Intraobserver and interobserver LV GLS gave an incremental value for risk 
stratification, cutoff: N/A

Kamperidis et al. [52] 150 Patients with severe secondary MR and 
none or less than mild MR

Intraobserver and interobserver LV GLS was better than LVEF in showing LV 
dysfunction, cutoff: N/A

Mitral stenosis

Gerede et al. [53] 48 Patients with mild-to-moderate MS Intraobserver GLS was able to predict MS progression, 
cutoff − 16.98%
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GLS has been studied in many mitral and aortic valve 
diseases. Further studies are needed to establish the 
role of GLS in various tricuspid and pulmonary valve 
diseases.

Abbreviations
VHD: Valvular heart disease; LVEF: Left ventricular ejection fraction; GLS: 
Global longitudinal strain; LV: Left ventricle; EACVI: European Association of 
Cardiovascular Imaging; ASE: American Society of Echocardiography; RV: Right 
ventricular.

Acknowledgements
Not applicable.

Author contributions
SLP designed the article. SLP and RH performed literature search and drafted 
the manuscript. SLP performed the revision of the manuscript, submission, 
and final approval. Both authors approved the final manuscript.

Funding
No funding sources applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest.

Author details
1 Department of Cardiology and Vascular Medicine, RS Pusat Pertamina, Jl. 
Kyai Maja No.43, RT.4/RW.8, Gunung, Kec. Kby. Baru, Kota Jakarta Selatan, 
Daerah Khusus Ibukota Jakarta 12120, Indonesia. 2 Faculty of Medicine, 
Universitas Muhammadiyah Prof. Dr. Hamka, Jl. Raden Patah No.01, RT.002/
RW.006, Parung Serab, Kec. Ciledug, Kota Tangerang, Banten 13460, Indonesia. 
3 Faculty of Medicine, Universitas Katolik Indonesia Atma Jaya, Jl. Pluit Selatan 
Raya No.19, RT.21/RW.8, Penjaringan, Kec. Penjaringan, Kota Jkt Utara, Daerah 
Khusus Ibukota Jakarta 14440, Indonesia. 

Received: 7 May 2021   Accepted: 5 May 2022

References
	1.	 Timmis A, Townsend N, Gale C, Grobbee R, Maniadakis N, Flather M et al 

(2018) European Society of Cardiology: cardiovascular disease statistics 
2017. Eur Heart J 39(7):508–579

	2.	 Iung B, Baron G, Tornos P, Gohlke-Bärwolf C, Butchart EG, Vahanian A 
(2007) Valvular heart disease in the community: a European experience. 
Curr Probl Cardiol 32(11):609–661

	3.	 Otto CM, Bonow RO (2014) Valvular heart disease: a companion to braun-
wald’s heart disease. Elsevier, Philadelphia

251
252
253

Asymptoma�c Pa�ents with Severe 
aor�c stenosis and preserved LVEF

LV-GLS Evalua�on

Range between 
-16.7% and -18%  < -16.7%  >  -18%

Cardiac Magne�c 
Resonance showing 

myocardial 
abnormali�es  

Yes No

Aor�c Valve 
Interven�on

3-6 months 
follow-up

6-12 months 
follow-up

1-2 years 
follow-up

Fig. 3  Algorithm for asymptomatic patients with severe aortic stenosis



Page 7 of 8Purwowiyoto and Halomoan ﻿The Egyptian Heart Journal           (2022) 74:46 	

	4.	 Marciniak A, Glover K, Sharma R (2017) Cohort profile: prevalence of 
valvular heart disease in community patients with suspected heart failure 
in UK. BMJ Open 7(1):e012240

	5.	 Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ et al (2017) 
2017 ESC/EACTS Guidelines for the management of valvular heart dis-
ease. Eur Heart J 38(36):2739–2791

	6.	 Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Guyton 
RA et al (2014) 2014 AHA/ACC guideline for the management of patients 
with valvular heart disease: executive summary: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 63(22):2438–2488

	7.	 Brinkley DM, Gelfand EV (2013) Valvular heart disease: classic teaching 
and emerging paradigms. Am J Med 126(12):1035–1042

	8.	 Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Fleisher LA 
et al (2017) 2017 AHA/ACC focused update of the 2014 AHA/ACC guide-
line for the management of patients with valvular heart disease: a report 
of the American College of Cardiology/American Heart Association task 
force on clinical practice guidelines. Circulation 135(25):e1159–e1195

	9.	 Santoro C, Galderisi M, Esposito R, Buonauro A, Monteagudo JM, Sor-
rentino R et al (2019) Global longitudinal strain is a hallmark of cardiac 
damage in mitral regurgitation: the Italian arm of the European Registry 
of mitral regurgitation (EuMiClip). Cardiovasc Ultrasound 17(1):28

	10.	 Ng AC, Delgado V, Bax JJ (2018) Application of left ventricular strain 
in patients with aortic and mitral valve disease. Curr Opin Cardiol 
33(5):470–478

	11.	 Marwick TH, Leano RL, Brown J, Sun JP, Hoffmann R, Lysyansky P et al 
(2009) Myocardial strain measurement with 2-dimensional speckle-
tracking echocardiography: definition of normal range. JACC Cardiovasc 
Imaging 2(1):80–84

	12.	 Ersbøll M, Valeur N, Mogensen UM, Andersen MJ, Møller JE, Velazquez EJ 
et al (2013) Prediction of all-cause mortality and heart failure admissions 
from global left ventricular longitudinal strain in patients with acute 
myocardial infarction and preserved left ventricular ejection fraction. J 
Am Coll Cardiol 61(23):2365–2373

	13.	 Salvo GD, Pergola V, Fadel B, Bulbul ZA, Caso P (2015) Strain echocardiog-
raphy and myocardial mechanics: from basics to clinical applications. J 
Cardiovasc Echogr 25(1):1–8

	14.	 Cramariuc D, Gerdts E, Davidsen ES, Segadal L, Matre K (2010) Myocardial 
deformation in aortic valve stenosis: relation to left ventricular geometry. 
Heart 96(2):106–112

	15.	 Blessberger H, Binder T (2010) Non-invasive imaging: Two dimensional 
speckle tracking echocardiography: basic principles. Heart 96(9):716–722

	16.	 Buckberg G, Hoffman JI, Mahajan A, Saleh S, Coghlan C (2008) Cardiac 
mechanics revisited: the relationship of cardiac architecture to ventricular 
function. Circulation 118(24):2571–2587

	17.	 Kusunose K, Agarwal S, Marwick TH, Griffin BP, Popović ZB (2014) Decision 
making in asymptomatic aortic regurgitation in the era of guidelines: 
incremental values of resting and exercise cardiac dysfunction. Circ 
Cardiovasc Imaging 7(2):352–362

	18.	 Witkowski TG, Thomas JD, Debonnaire PJ, Delgado V, Hoke U, Ewe SH et al 
(2013) Global longitudinal strain predicts left ventricular dysfunction after 
mitral valve repair. Eur Heart J Cardiovasc Imaging 14(1):69–76

	19.	 Yingchoncharoen T, Gibby C, Rodriguez LL, Grimm RA, Marwick TH (2012) 
Association of myocardial deformation with outcome in asymptomatic 
aortic stenosis with normal ejection fraction. Circ Cardiovasc Imaging 
5(6):719–725

	20.	 Burns AT, La Gerche A, D’hooge J, MacIsaac AI, Prior DL, (2010) Left 
ventricular strain and strain rate: characterization of the effect of load in 
human subjects. Eur J Echocardiogr 11(3):283–289

	21.	 Dahle GO, Stangeland L, Moen CA, Salminen PR, Haaverstad R, Matre K 
et al (2016) The influence of acute unloading on left ventricular strain and 
strain rate by speckle tracking echocardiography in a porcine model. Am 
J Physiol Heart Circ Physiol 310(10):H1330–H1339

	22.	 Voigt JU, Cvijic M (2019) 2- and 3-dimensional myocardial strain in cardiac 
health and disease. JACC Cardiovasc Imaging 12(9):1849–1863

	23.	 Negishi K, Borowski AG, Popović ZB, Greenberg NL, Martin DS, Bungo 
MW et al (2017) Effect of gravitational gradients on cardiac filling and 
performance. J Am Soc Echocardiogr 30(12):1180–1188

	24.	 Mentias A, Naji P, Gillinov AM, Rodriguez LL, Reed G, Mihaljevic T et al 
(2016) Strain echocardiography and functional capacity in asymptomatic 

primary mitral regurgitation with preserved ejection fraction. J Am Coll 
Cardiol 68(18):1974–1986

	25.	 Carasso S, Cohen O, Mutlak D, Adler Z, Lessick J, Aronson D et al (2011) 
Relation of myocardial mechanics in severe aortic stenosis to left ven-
tricular ejection fraction and response to aortic valve replacement. Am J 
Cardiol 107(7):1052–1057

	26.	 Stokke TM, Hasselberg NE, Smedsrud MK, Sarvari SI, Haugaa KH, Smiseth 
OA et al (2017) Geometry as a confounder when assessing ventricular 
systolic function: comparison between ejection fraction and strain. J Am 
Coll Cardiol 70(8):942–954

	27.	 Kraigher-Krainer E, Shah AM, Gupta DK, Santos A, Claggett B, Pieske B et al 
(2014) Impaired systolic function by strain imaging in heart failure with 
preserved ejection fraction. J Am Coll Cardiol 63(5):447–456

	28.	 Maganti K, Rigolin VH, Sarano ME, Bonow RO (2010) Valvular heart dis-
ease: diagnosis and management. Mayo Clin Proc 85(5):483–500

	29.	 Kalam K, Otahal P, Marwick TH (2014) Prognostic implications of global LV 
dysfunction: a systematic review and meta-analysis of global longitudinal 
strain and ejection fraction. Heart 100(21):1673–1680

	30.	 Cvijic M, Voigt JU (2020) Application of strain echocardiography in valvu-
lar heart diseases. Anatol J Cardiol 23(5):244–253

	31.	 Smiseth OA, Torp H, Opdahl A, Haugaa KH, Urheim S (2016) Myocardial 
strain imaging: how useful is it in clinical decision making? Eur Heart J 
37(15):1196–1207

	32.	 Smedsrud MK, Pettersen E, Gjesdal O, Svennevig JL, Andersen K, Ihlen H 
et al (2011) Detection of left ventricular dysfunction by global longitudi-
nal systolic strain in patients with chronic aortic regurgitation. J Am Soc 
Echocardiogr 24(11):1253–1259

	33.	 Sjøli B, Grenne B, Smiseth OA, Edvardsen T, Brunvand H (2011) The 
advantage of global strain compared to left ventricular ejection fraction 
to predict outcome after acute myocardial infarction. Echocardiography 
28(5):556–563

	34.	 Grenne B, Eek C, Sjøli B, Skulstad H, Aakhus S, Smiseth OA et al (2010) 
Changes of myocardial function in patients with non-ST-elevation 
acute coronary syndrome awaiting coronary angiography. Am J Cardiol 
105(9):1212–1218

	35.	 Grenne B, Eek C, Sjøli B, Dahlslett T, Uchto M, Hol PK et al (2010) Acute 
coronary occlusion in non-ST-elevation acute coronary syndrome: 
outcome and early identification by strain echocardiography. Heart 
96(19):1550–1556

	36.	 Karlsen S, Dahlslett T, Grenne B, Sjoli B, Smiseth O, Edvardsen T et al (2019) 
Global longitudinal strain is a more reproducible measure of left ven-
tricular function than ejection fraction regardless of echocardiographic 
training. Cardiovasc Ultrasound 17(1):18

	37.	 Cho GY, Marwick TH, Kim HS, Kim MK, Hong KS, Oh DJ (2009) Global 
2-dimensional strain as a new prognosticator in patients with heart 
failure. J Am Coll Cardiol 54(7):618–624

	38.	 Gjesdal O, Helle-Valle T, Hopp E, Lunde K, Vartdal T, Aakhus S et al (2008) 
Noninvasive separation of large, medium, and small myocardial infarcts in 
survivors of reperfused ST-elevation myocardial infarction: a comprehen-
sive tissue Doppler and speckle-tracking echocardiography study. Circ 
Cardiovasc Imaging 1(3):189–196

	39.	 Ewe SH, Haeck ML, Ng AC, Witkowski TG, Auger D, Leong DP et al (2015) 
Detection of subtle left ventricular systolic dysfunction in patients with 
significant aortic regurgitation and preserved left ventricular ejection 
fraction: speckle tracking echocardiographic analysis. Eur Heart J Cardio-
vasc Imaging 16(9):992–999

	40.	 Mirea O, Pagourelias ED, Duchenne J, Bogaert J, Thomas JD, Badano LP 
et al (2018) Intervendor differences in the accuracy of detecting regional 
functional abnormalities: a report from the eacvi-ase strain standardiza-
tion task force. JACC Cardiovasc Imaging 11(1):25–34

	41.	 Sugimoto T, Dulgheru R, Bernard A, Ilardi F, Contu L, Addetia K et al (2017) 
Echocardiographic reference ranges for normal left ventricular 2D strain: 
results from the EACVI NORRE study. Eur Heart J Cardiovasc Imaging 
18(8):833–840

	42.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L et al 
(2015) Recommendations for cardiac chamber quantification by echocar-
diography in adults: an update from the American Society of Echocardi-
ography and the European Association of Cardiovascular Imaging. J Am 
Soc Echocardiogr 28(1):1-39.e14

	43.	 Vollema EM, Sugimoto T, Shen M, Tastet L, Ng AC, Abou R et al 
(2018) Association of left ventricular global longitudinal strain with 



Page 8 of 8Purwowiyoto and Halomoan ﻿The Egyptian Heart Journal           (2022) 74:46 

asymptomatic severe aortic stenosis: natural course and prognostic 
value. JAMA Cardiol 3(9):839–847

	44.	 Lafitte S, Perlant M, Reant P, Serri K, Douard H, DeMaria A et al (2009) 
Impact of impaired myocardial deformations on exercise tolerance and 
prognosis in patients with asymptomatic aortic stenosis. Eur J Echocardi-
ogr 10(3):414–419

	45.	 Treibel TA, López B, González A, Menacho K, Schofield RS, Ravassa S et al 
(2018) Reappraising myocardial fibrosis in severe aortic stenosis: an 
invasive and non-invasive study in 133 patients. Eur Heart J 39(8):699–709

	46.	 Kusunose K, Goodman A, Parikh R, Barr T, Agarwal S, Popovic ZB et al 
(2014) Incremental prognostic value of left ventricular global longitudinal 
strain in patients with aortic stenosis and preserved ejection fraction. Circ 
Cardiovasc Imaging 7(6):938–945

	47.	 Ng AC, Prihadi EA, Antoni ML, Bertini M, Ewe SH, Marsan NA et al (2018) 
Left ventricular global longitudinal strain is predictive of all-cause mortal-
ity independent of aortic stenosis severity and ejection fraction. Eur Heart 
J Cardiovasc Imaging 19(8):859–867

	48.	 Alashi A, Mentias A, Abdallah A, Feng K, Gillinov AM, Rodriguez LL et al 
(2018) Incremental prognostic utility of left ventricular global longitudinal 
strain in asymptomatic patients with significant chronic aortic regurgita-
tion and preserved left ventricular ejection fraction. JACC Cardiovasc 
Imaging 11(5):673–682

	49.	 Apostolidou E, Maslow AD (2017) Poppas A (2017) Primary mitral valve 
regurgitation: update and review. Glob Cardiol Sci Pract 1:e201703

	50.	 Mascle S, Schnell F, Thebault C, Corbineau H, Laurent M, Hamonic S et al 
(2012) Predictive value of global longitudinal strain in a surgical popula-
tion of organic mitral regurgitation. J Am Soc Echocardiogr 25(7):766–772

	51.	 Alashi A, Mentias A, Patel K, Gillinov AM, Sabik JF, Popović ZB et al (2016) 
Synergistic utility of brain natriuretic peptide and left ventricular global 
longitudinal strain in asymptomatic patients with significant primary 
mitral regurgitation and preserved systolic function undergoing mitral 
valve surgery. Circ Cardiovasc Imaging 9(7):e004451

	52.	 Kamperidis V, Marsan NA, Delgado V, Bax JJ (2016) Left ventricular systolic 
function assessment in secondary mitral regurgitation: left ventricular 
ejection fraction vs. speckle tracking global longitudinal strain. Eur Heart 
J. 37(10):811–6

	53.	 Gerede DM, Ongun A, Kaya TC, Acıbuca A, Özyüncü N, Erol Ç (2016) 
Use of strain and strain rate echocardiographic imaging to predict the 
progression of mitral stenosis: a 5-year follow-up study the progression of 
mitral stenosis: a 5-year follow-up study. Anatol J Cardiol 16(10):772–777

	54.	 Prihadi EA, van der Bijl P, Dietz M, Abou R, Vollema EM, Marsan NA et al 
(2019) Prognostic implications of right ventricular free wall longitudinal 
strain in patients with significant functional tricuspid regurgitation. Circ 
Cardiovasc Imaging 12(3):e008666

	55.	 Chowdhury SM, Hijazi ZM, Fahey JT, Rhodes JF, Kar S, Makkar R et al (2015) 
Speckle-tracking echocardiographic measures of right ventricular func-
tion correlate with improvement in exercise function after percutaneous 
pulmonary valve implantation. J Am Soc Echocardiogr 28(9):1036–1044

	56.	 Dahl JS, Magne J, Pellikka PA, Donal E, Marwick TH (2019) Assessment of 
subclinical left ventricular dysfunction in aortic stenosis. JACC Cardiovasc 
Imaging 12(1):163–171

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Highlighting the role of global longitudinal strain assessment in valvular heart disease
	Abstract 
	Background: 
	Main body: 
	Conclusions: 

	Background
	Main text
	Strain imaging: general principle and association with myocardial deformation
	Factors affecting strain values in VHD
	Loading factors
	Structure (geometry)
	Tissue characteristics

	GLS versus LVEF in VHD
	Clinical application of GLS in valvular heart diseases
	Aortic valve diseases
	Mitral valve diseases
	Other valve diseases

	Conclusion

	Acknowledgements
	References


