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Abstract
The American College of Cardiology Foundation/American Heart Association (ACCF/AHA) classification, based on struc-
tural changes and symptoms, classifies stages of heart failure (HF) development as Stages A–D. This HF classification 
emphasizes the development and progression of the disease and can be used to describe individuals and populations. Since 
HF is considered a progressive disorder that can be represented as a clinical continuum, individuals at a particular HF stage 
require specific management with the long-term goal of avoiding HF development and progression. Although early detection 
of subclinical left ventricular (LV) dysfunction is essential for delaying progression to HF, the assessment of such dysfunction 
can be challenging. While echocardiography plays a pivotal role in the quantification and early detection of LV structural 
findings, two-dimensional speckle-tracking echocardiographic parameters, especially global longitudinal strain (GLS), have 
recently been reported to be sensitive markers of early subtle abnormalities of LV myocardial performance. They are thus 
helpful for prediction of outcomes for various cardiac diseases, and superior to conventional echocardiographic indices such 
as LV ejection fraction, mitral inflow E and mitral e′ annular velocities ratio. Strain imaging, especially GLS-guided man-
agement for patients at a particular stage of HF, may therefore have the potential to prevent progression to later HF stages 
and may offer new insights into the management of HF patients. This article reviews the utility of strain imaging, especially 
GLS in conjunction with HF stage classification, and future perspectives for HF patient management.
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Introduction

The American College of Cardiology Foundation/Ameri-
can Heart Association (ACCF/AHA) classification, based on 
structural changes and symptoms, classifies stages of heart 
failure (HF) development into Stages A–D [1–3]. This HF 
classification emphasizes the development and progression 
of the disease and can be used to describe both individu-
als and populations. Although survival of HF patients has 
improved, a population cohort study reported that 5-year 
survival rates for Stages A, B, C, and D HF were 97%, 96%, 
75%, and 20%, respectively [4]. Since HF is considered a 
progressive disorder that can be represented as a clinical 
continuum, individuals at a particular HF stage require 

specific management with the long-term goal of avoiding 
HF development. Although early detection of subclinical left 
ventricular (LV) dysfunction is essential for delaying pro-
gression to HF, the assessment of such dysfunction can be 
challenging. While echocardiography plays a pivotal role in 
the quantification and early detection of LV structural find-
ings, it has been reported that speckle-tracking echocardio-
graphic parameters are useful for the detection of early LV 
structural abnormalities. In particular, global longitudinal 
strain (GLS) assessed by two-dimensional speckle-tracking 
echocardiography has recently been reported to be a sensi-
tive marker for early subtle abnormalities of LV myocar-
dial performance, helpful for the prediction of outcomes for 
various cardiac diseases, and superior to conventional echo-
cardiographic indices such as LV ejection fraction (LVEF), 
mitral inflow E, and mitral e′ annular velocities ratio (E/e′) 
[5–9]. Moreover, recent studies suggest that GLS might 
be helpful for prediction of cardiovascular outcomes even 
for a general population [5, 10, 11]. Several manufacturers 
have devised various speckle-tracking echocardiographic 
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approaches, although their basic approach is similar. Strain 
information is not dependent on the Doppler angle of inci-
dence, thus making the analysis of longitudinal strain pos-
sible. According to the guidelines of the American Society 
of Echocardiography, GLS is determined as the averaged 
peak longitudinal strain of 18 LV segments from the three 
standard apical views (Fig. 1) [12].

This article reviews the utility of strain imaging, espe-
cially GLS in conjunction with HF stage classification, 
and future perspectives for the management of HF patients 
(Table 1).

Utility of strain imaging for Stage A HF

Stage A HF patients have been described as being at high 
risk for HF even though they show no structural heart dis-
ease or symptoms of HF. High risk factors for HF include 
hypertension, diabetes mellitus (DM), obesity, metabolic 
syndrome, atherosclerotic disease, a history of using 

cardiotoxins, and a family history of cardiomyopathy [1–3]. 
The aim of strain imaging for Stage A HF is to predict sub-
clinical LV dysfunction; it can be an early marker of LV 
dysfunction, thus possibly indicating cardiovascular morbid-
ity and mortality. The next section will deal in more detail 
with the utility of GLS for Stage A HF patients with specific 
comorbidities, especially hypertension, DM, obesity, and a 
history of using cardiotoxins.

Utility of strain imaging for hypertension

Hypertension is the most common risk factor for HF, 
with a proven population attributable risk of 39% for men 
and 59% for women [13]. Despite being diagnosed with 
hypertension, over 30% of Stage A HF patients had blood 
pressure above the target blood pressure during the survey 
period [14]. Previous studies have reported a prevalence 
of low GLS values, ranging from 15 to 42%, for patients 
with hypertension, depending on the severity and con-
trol of hypertension [15–17]. Soufi Taleb Bendiab et al. 

Fig. 1   Example of the assessment of left ventricular (LV) longitu-
dinal systolic myocardial function, known as global longitudinal 
strain (GLS), by means of two-dimensional speckle-tracking imag-
ing, showing color-coded speckle-tracking images and correspond-

ing longitudinal time–strain curves. GLS is determined as the average 
peak longitudinal strain of 18 segments from the three standard apical 
views and is expressed as an absolute value



19Journal of Echocardiography (2019) 17:17–24	

1 3

found that 46% of their patients showed low GLS values 
(< 17%), and that low GLS was associated with long-
lasting hypertension and uncontrolled blood pressure for 
200 outpatients with hypertension with preserved LVEF 
but without overt HF. Moreover, Chen et al. reported that 
uncontrolled blood pressure (≥ 140/90 mmHg) was asso-
ciated with low GLS regardless of LV hypertrophy for 
276 patients with treated hypertension [17].

Utility of strain imaging for DM

DM is another well-known risk factor for HF and as 
important a comorbid disease of Stage A HF as hyper-
tension. Lack of DM control is an important predictor of 
new onset HF, with every 1% increase in HbA1c corre-
lating with an 8–19% increase in HF incidence [18, 19]. 
The presence of LV longitudinal myocardial dysfunction 
has been identified in DM patients with preserved LVEF 
and without overt coronary artery disease or HF [20–28]. 
Nakai et al. reported that GLS in DM patients was sig-
nificantly lower than that in age-matched normal subjects 
in spite of similar LVEF, and that 43% of DM patients 
showed LV longitudinal myocardial dysfunction defined 
as GLS < 17.2% [20], while Ernande et  al. found that 
23% of DM patients with preserved LVEF had LV lon-
gitudinal myocardial dysfunction defined as GLS < 18% 
[23]. In addition, Holland et al. reported that type 2 DM 
patients with preserved LVEF and GLS < 18.9% had sig-
nificantly worse outcome than those with a higher per-
centage during a 10-year follow-up and concluded that 
GLS was independently associated with the primary 
end point [29]. DM is also a major cause of HF with 
preserved LVEF (HFpEF) as well as hypertension, with 
HFpEF usually presenting as LV diastolic dysfunction. 
Some investigators have maintained that LV longitudinal 
myocardial dysfunction, rather than LV diastolic dysfunc-
tion, should be considered as the first marker of a pre-
clinical form of DM-related cardiac dysfunction in DM 
patients with preserved LVEF without overt HF [24, 30]. 
Ernande et al. demonstrated that LV longitudinal myo-
cardial dysfunction detected as GLS < 18% was present 
even in DM patients with preserved LVEF and normal 
LV diastolic function [24]. Furthermore, Mochizuki et al. 
showed that GLS was a strong determinative factor for e′ 
and E/e′ independently of age [31]. For normal subjects, 
however, only age was associated with all LV diastolic 
parameters. It has thus been suggested that progression 
of uncontrolled DM leads to LV myocardial dysfunction 
as well as LV diastolic dysfunction, GLS is associated 
with LV diastolic function, and reduced GLS can occur 
together with LV diastolic dysfunction in DM patients 
with preserved LVEF, leading to HFpEF.

Utility of strain imaging for obesity

Healthy lifestyle habits, including maintenance of normal 
body weight at body mass index (BMI) < 25 kg/m2, are 
associated with lower lifetime risk of HF [32]. Compared 
to those with normal BMI, obese subjects were found to 
have twice the risk of developing HF, with a graded rela-
tionship between BMI and HF incidence, including for 
those in the overweight category [33]. Ho et al. observed 
that higher BMI was associated with low GLS in 6,231 par-
ticipants [34]. They further showed that higher circulating 
leptin concentrations were also associated with low GLS, 
suggesting potential involvement of circulating adipokines 
in obesity-related LV damage. Suto et al. reported that GLS 
of overweight patients was significantly lower than that of 
non-overweight patients, and multiple regression analysis 
revealed that BMI as well as LV mass index were inde-
pendent determinant parameters for GLS for 145 asymp-
tomatic type 2 DM patients with preserved LVEF without 
coronary artery disease [35]. Finally, Leung et al. found that 
weight loss was associated with an increase in GLS in obese 
patients. They showed that in eight obese patients with type 
2 DM with BMI of 44 ± 9 kg/m2 who underwent sleeve gas-
trectomy, GLS improved from 13.2 ± 3.7% to 19.7 ± 2.2% 
after surgery [36].

Utility of strain imaging for patients with history 
of using cardiotoxins

Cancer therapeutics-related cardiac dysfunction (CTRCD) 
has become a leading cause of morbidity and mortality for 
cancer survivors [37, 38], with the mortality rate for patients 
with CTRCD reportedly being as high as 60% by 2 years 
after treatment [39]. Patients without HF symptoms or LV 
structural abnormalities, but with a history of using cardio-
toxins such as doxorubicin (Type I CTRCD) and trastuzumab 
(Type II CTRCD), are included in Stage A HF because of 
the irreversible LV myocardial changes due to anticancer 
drugs, such as myocyte loss, interstitial fibrosis leading to 
diminished LV contractility, reduced LV wall thickness, and 
progressive LV dilation. Recently, there has been a grow-
ing interest in the early detection of CTRCD by means of 
GLS, because it is a more sensitive and robust parameter for 
detecting subclinical LV dysfunction than other conventional 
LV functional parameters such as LVEF [40–43]. A system-
atic review of 1,504 patients during or after cancer chemo-
therapy showed that early changes in GLS appear to be the 
best gauge for predicting cardiotoxicity [42]. Specifically, a 
drop in LVEF or occurrence of HF, reflected in a 10–15% 
early reduction in GLS during chemotherapy, appears to be 
the most useful parameter for the prediction of cardiotoxic-
ity. In addition, Hatazawa et al. recently reported that during 
a long-term follow-up, baseline GLS was identified as the 
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only independent predictor of Type I CTRCD for patients 
with malignant lymphoma, and that baseline GLS ≤ 19% 
was associated with the development of Type I CTRCD and 
hospitalization for HF [44].

Utility of strain imaging for Stage B HF

Stage B HF refers to structural heart disease without signs 
or symptoms of HF. Most often, it is due to loss of func-
tioning myocytes because of myocardial infarction, valvu-
lar disease, or LV hypertrophy secondary to hypertension. 
Transition from Stage B to C HF portends a fivefold increase 
in mortality risk for both men and women [4], but early 
intervention may delay or prevent the onset of overt HF in 
Stage B HF patients. Thus, the utility of strain imaging for 
Stage B HF patients is that it can identify patients more 
at risk of progressing to Stage C HF. Wang et al. showed 
that GLS was an additional echocardiographic parameter 
to help identify Stage B patients who are more at risk of 
progressing to symptomatic HF [45]. In our considered opin-
ion, the the most promising application of GLS in this case 
for would be for Stage B HF asymptomatic patients with 
severe valvular diseases such as mitral regurgitation (MR), 
aortic stenosis (AS), and aortic regurgitation (AR) but with 
preserved LVEF.

Utility of GLS for MR

Magne et al. used Cox multivariable analysis to show that 
GLS was independently associated with outcome for 135 
asymptomatic patients with MR and preserved LVEF, and 
that the outcome for patients with GLS < 20% was unfa-
vorable compared to that for patients with GLS ≥ 20% [46]. 
Mentias et al. examined 737 asymptomatic patients with 
more than moderate MR and preserved LVEF to evalu-
ate the utility of GLS for predicting outcome and found 
that GLS < 21.7% was associated with poor outcome. In 
addition, Witkowski et al. showed that GLS < 19.9% was 
an independent predictor of long-term LV dysfunction 

(LVEF < 50%) after mitral valve repair in 233 patients with 
moderate–severe organic MR and preserved LVEF [47].

Utility of GLS for AS

Yingchoncharoen et al. showed that GLS < 15% was asso-
ciated with a significant excess of patient mortality. In 
addition, they found that for 79 asymptomatic patients 
with severe AS and preserved LVEF, GLS enhanced the 
prognostic accuracy of prediction of the outcome based on 
transaortic peak pressure gradient, aortic valve calcification, 
and valvulo-arterial impedance [48]. Moreover, Sato et al. 
demonstrated the utility of GLS as a predictor of outcome 
for patients with paradoxical low-flow, low-gradient severe 
AS, and that patients with GLS < 17% had significantly 
worse outcome [49].

Utility of GLS for AR

Smedsrud et al. showed that GLS for patients with severe 
AR and preserved LVEF was significantly lower than that for 
healthy controls, but increased significantly postoperatively, 
although to a level still lower than in healthy controls [50]. 
In addition, Alashi et al. showed that for 1063 asymptomatic 
patients with severe AR and preserved LVEF, GLS ≥ 19.5% 
was associated with better longer-term mortality, enhanced 
prognostic accuracy and improved reclassification [51]. Fur-
thermore, they showed that patients with GLS ≥ 19% showed 
excellent 5-year survival rates, whereas the risk of death 
continued to increase for those with GLS < 19%.

Utility of strain imaging for Stage C–D HF

Stage C HF refers to structural heart disease with prior or cur-
rent symptoms of HF, and Stage D HF to advanced stages of 
progression of the HF syndrome characterized by structural 
abnormalities of the heart and severe resting symptoms despite 
optimal medical, surgical, and device therapy. A proportion of 
Stage C HF patients will develop advanced symptoms, usually 

Table 1   Role of strain imaging in accordance with HF stage classification

HF heart failure

HF classification Stage A HF Stage B HF Stage C HF Stage D HF

HF definition At high risk for HF, but with-
out structural heart disease 
or symptoms of HF

Structural heart 
disease, but without 
signs or symptoms 
of HF

Structural heart disease with prior or current 
symptoms of HF

Refractory HF

Role of strain imaging Prediction of subclinical 
LV dysfunction and can 
be an early marker of LV 
dysfunction

Identification of 
patients more at risk 
of progressing to 
Stage C HF

Identification of disease severity and prognosis
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Table 2   Role of GLS for Stage A HF

Authors (refs.) Journal Population Main findings

Soufi Taleb Bendiab et al. [15] Eur J Prev Cardiol 2017;24:1463–
1472

Hypertension (n = 200) GLS < 17% associated with long-
lasting hypertension and uncon-
trolled blood pressure

Imbalzano et al. [16] Echocardiography 2011;28:649–
657

Hypertension (n = 51) GLS reduced even in patients with-
out LVH

Chen et al. [17] Echocardiography 2016;33:1488–
1494

Hypertension (n = 276) Uncontrolled blood pressure 
(≥ 140/90 mmHg) associated with 
low GLS regardless of LVH

Nakai et al. [20] Eur J Echocardiogr 2009;10:926–
932

DM (n = 60) GLS < 17.2% for 43% of patients

Ng et al. [21] Am J Cardiol 2009;104:1398–1401 DM (n = 47) DM independent predictor for GLS
Zoroufian et al. [22] Echocardiography 2014;31:456–

463
DM (n = 37) Decrease in GLS irrespective of the 

presence or absence of LV diastolic 
dysfunction

Ernande et al. [23] J Am Soc Echocardiogr 
2014;27:479–488

DM (n = 154) GLS < 18% associated with LV 
remodeling during 3-year follow-
up

Ernande et al. [24] J Am Soc Echocardiogr 
2011;24:1268–1275

DM (n = 114) GLS < 18% for 28% of patients even 
with normal LV diastolic function

Ernande et al. [25] J Am Soc Echocardiogr 
2010;23:1266–1272

DM (n = 114) DM and gender associated with 
GLS < 18%

Mochizuki et al. [26] Cardiovasc Diabetol 2015;14:37 DM (n = 144) Diabetic nephropathy the highest 
risk factor for GLS < 18%

Mochizuki et al. [27] Cardiovasc Diabetol 2015;14:47 DM (n = 112) GLS of patients with diabetic 
neuropathy was significantly lower 
than of those without

Mochizuki et al. [28] Circ J 2016;80:1957–1964 DM (n = 198) Stepwise decrease in GLS in pro-
portion to the degree of diabetic 
nephropathy, which correlated with 
both left atrial strain and albumi-
nuria

Holland et al. [29] Heart 2015;101:1061–1066 DM (n = 230) GLS < 18.9% associated with worse 
outcome over 10 years follow-up; 
GLS independently associated with 
outcome

Mochizuki et al. [31] Int J Cardiovasc Imaging 
2017;33:1905–1914

DM (n = 177) GLS a strong determinative factor 
for e′ and E/e′ in DM patients 
independently of age; only age 
associated with all LV diastolic 
parameters in normal subjects

Ho et al. [34] Circ Heart Fail 2017;10:e003536 Overweight/obesity (n = 6321) Higher BMI associated with lower 
GLS

Suto et al. [35] Cardiovasc Diabetol 2017;16:145 Overweight/obesity (n = 145) BMI as well as LV mass index inde-
pendent determinant parameters 
for GLS

Leung et al. [36] Obes Surg 2016;26:321–326 Overweight/obesity (n = 8) Weight loss associated with increase 
in GLS

Negishi et al. [40] Eur Heart J Cardiovasc Imaging 
2014;15:324–331

History of using cardiotoxins 
(n = 159)

β-Blocker effective during 6-month 
follow-up for patients with ≥ 11% 
decrease in GLS by 7 months after 
chemotherapy

Negishi et al. [41] J Am Soc Echocardiogr 
2013;26:493–498

History of using cardiotoxins 
(n = 81)

Reduction in GLS of 11% by 
6 months after chemotherapy 
strongly associated with subse-
quent decrease in LVEF during 
12-month follow-up
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defined as NYHA functional class III–IV, which is refractory 
to optimal guideline-recommended therapy and therefore leads 
to Stage D HF. Kalogeropoulos et al. showed that 12.2% of 964 
outpatients with Stage C HF with HFrEF receiving care in an 
academic center progressed to Stage D HF after 3 years Stage 
C HF [52]. They also reported that 25.1% of patients with 
Stage C HF had either progressed to Stage D HF or died. Thus, 
identification of disease severity or prognosis for Stage C–D 
HF patients is a clinically important task because treatments 
are inherently limited, morbidity is typically progressive, and 
survival is often short. Cameli et al. found that LV myocardial 
fibrosis and its grade as assessed using Masson’s staining in 47 
Stage D HF patients who had undergone cardiac transplanta-
tion strongly correlated with GLS, modestly with global cir-
cumferential strain and LV torsion, and weakly with mitral S′ 
wave and mitral annular plane systolic excursion but not with 
LVEF [53]. They also showed that GLS was most accurate for 
detecting LV fibrosis. Chimura et al. detected significant asso-
ciations of GLS and late gadolinium enhancement on cardiac 
magnetic resonance imaging with long-term outcome for 179 
consecutive symptomatic patients with dilated cardiomyopathy 
[54]. They also found that patients with GLS ≥ 8.3% showed 
a more favorable outcome than those with lower GLS. Reant 
et al. showed that reduced GLS was an independent factor 
associated with poor cardiac outcomes, and HF outcomes in 
particular, for 472 symptomatic patients with hypertrophic 
cardiomyopathy [55]. Moreover, it has been reported that 
GLS and LV dispersion, assessed as the standard deviation of 
time-to-peak longitudinal speckle tracking from 18 LV seg-
ments, are useful for predicting fatal ventricular arrhythmias 
in patients with dilated cardiomyopathy [56] and hypertrophic 
cardiomyopathy [57], although this study included a few Stage 
B HF patients.

Future perspectives for the role of strain 
imaging in conjunction with HF stage 
classification

Prospects for strain imaging for the early detection of sub-
clinical LV dysfunction seem to be promising for delaying 
progression to HF in patients with a particular stage HF. 
Interest is growing in the evaluation of subclinical LV dys-
function in Stage A HF patients by means of strain imaging 
and GLS in particular as the best means of preventing even-
tual progression to overt HF such as Stages C and D, while 
screening for comorbid diseases warrants closer attention 
(Table 2). This review article indicates that LV longitudinal 
myocardial dysfunction assessed in terms of low GLS can 
first appear in Stage A HF, which suggests the importance 
of the assessment of GLS for detecting subclinical LV dys-
function. These silent abnormalities may lead over time to 
symptomatic LV dysfunction, but such progression may be 
positively affected by early treatment. Thus, GLS-guided 
management of patients with hypertension, DM, obesity, 
and a history of using cardiotoxins may result in not only 
improvement in specific comorbid diseases, but also in pre-
vention of future development of LV structural heart disease 
and symptomatic HF.

Conclusion

Strain imaging, especially GLS-guided management for HF 
patients at a specific stage, may be able to help prevent pro-
gression to later HF stages and can offer new insights into 
the management of HF patients.
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Table 2   (continued)

Authors (refs.) Journal Population Main findings

Thavendiranathan et al. [42] J Am Coll Cardiol 2014;63:2751–
2768

History of using cardiotoxins 
(n = 1504)

10–15% early reduction in GLS 
during chemotherapy most useful 
parameter for prediction of cardio-
toxicity

Hatazawa et al. [44] Circ J 2018;82:2566–2574 History of using cardiotoxins 
(n = 73)

Baseline GLS independent predictor 
of Type I CTRCD for patients with 
malignant lymphoma, and baseline 
GLS ≤ 19% associated with unfa-
vorable outcome during long-term 
follow-up

HF heart failure, GLS global longitudinal strain, LVH left ventricular hypertrophy, DM diabetes mellitus, LV left ventricular, E/e′ mitral inflow E 
and mitral e′ annular velocities ratio, BMI body mass index, LVEF left ventricular ejection fraction, CTRCD cancer therapeutics-related cardiac 
dysfunction
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