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Evaluation of LV Function

• Represents ~60-80% of clinical 

indication for an  echocardiogram

• For 5 decades EF has been the main 

parameter of systolic LV function

EF = (EDV – ESV) / EDV



Assessment of LV function: limitations

of Ejection Fraction

• Measurement (or estimate) variability with TTE

– Best with CMR

• Influenced directly by preload and inversely by afterload

• It is a measure of pump function rather than myocardial function

– A variety of heart conditions with preserved EF have been shown to have 

myocardial dysfunction and poor outcomes (EX: HFpEF, chronic MR)

• Variable outcomes seen in the range between 35 and 50%

Potter E, JACC 2018



(Arrow length proportional to deformation)

Myocardial Deformation by 2D- 

Speckle Tracking: Strain Imaging

Doppler derived
Angle dependent

2D derived
Angle Independent

V2

L0 V1

Strain (%) = Tissue deformation (L/ Lo)

Strain rate (sec-1) = Fractional rate of deformation (L/Lo /dt)

L0

Strain = L/Lo

Strain rate = (L/Lo)/t

L1

An attempt to assess myocardial function separate from pump function



Manel Ballester-Rodés, Spain and Jagat Narula, Irvine

Ventricular Mechanics
Helix and Loops and Mechanical Activation



Myocardial Deformation/Strain by 

Speckle Trackinga

Delgado V, et al. JACC 2008

Radial Strain

 -a measurement of segmental 

myocardial thickening

Circumferential Strain

 -a measurement of segmental 

myocardial circumferential shortening

Longitudinal Strain

 -a measurement of segmental

 myocardial longitudinal shortening



Speckle Tracking - Strain

NORMAL

Avg Pk GLS: -23%



Speckle Tracking - Strain

ABNORMAL

Avg Pk GLS: 6.2%



Normal values for Average Peak GLS: variation by vendors (n = 2396)

By Age Previous Studies
The normal range for GLS varied between the vendors, with TomTec presenting 
the highest values (n = 644; 22.1% [20.1, 23.8] , LLN 18.0%), followed by GE 
(n = 1,013; 21.%2 [19.9, 22.8], LLN 18.2%), Toshiba (n = 278; 19.9% [18.3, 21.5], LLN 
15.8%), Philips (n = 379; 19.6% [18.1, 21.3], LLN 15.5%), and Siemens (n = 82; 16.9% 
[16.0, 18.8], LLN 14.0%), differences being statistically significant (1-way analysis of 
variance p < 0.01). Regardless of vendor or clinical covariate, a GLS <16% likely 
indicates significant myocardial dysfunction.



Potential Applications of Peak Average GLS 

in Routine Clinical Practice

 

• Detection of subclinical LV dysfunction in a variety of 

diseases

•    Objective assessment of global and regional function

• Regional patterns associated with myocardial diseases

• Better prediction of serious CV outcomes

•   lower values (without the - sign), worse prognosis 



45M with severe hypertension 

and ESRF

LVEF > 75%; Cavity Obliteration



4c 2c

Ap 3c

Avg Pk GLS: 14.2%

Current studies in progress looking at GLS outcome prediction in patients with ESRF 

45M with severe hypertension 

and ESRF



Potential Applications of Peak 

Average Global Longitudinal Strain

• Detection of subclinical LV dysfunction

• hypertension

• HCM

• diabetes

• acute transplant rejection

• Valvular lesions: MR, AR, AS

• Sepsis

• HFpEF
 

• The list is growing
 



Use of Strain Imaging for regional function

Concordance with the eye: multiple WMAs 

Avrg Pk GLS = 10%

EF = 38%



Use of Strain Imaging to Detect RWMAs 

Avg Pk GLS=13%



Use of Strain Imaging to Detect RWMAs 

Avg Pk  GLS=12.5%



54 F with a ? Hx of an old MI



54 F with a ? Hx of an old MI

Avg Pk GLS=17.6%



54 F with a ? Hx of an old MI

Contrast Given

4C 2C



• Normal coronary angio

κ Light Chain 135 mg/L [3.3 – 19.4 ng/mL]

λ Light Chain 63.8 mg/L [5.7 – 26.3 mg/L]

κ / λ 2.11 [0.26 – 1.65]

Acute presentation of cardiac light chain amyloidosis 

Apical Sparring

Regional Patterns in Myocardial Diseases

Avg Pk GLS=7.5%



79F with recent chest pain

AvgPk GLS=11.4%



79F with recent chest pain

Contrast Echo CMR

DX: Apical HCM



Potential Applications of Peak Average GLS 

in Routine Clinical Practice

 

• Detection of subclinical LV dysfunction in a variety of 

diseases

•    Objective assessment of global and regional function

• Regional patterns associated with myocardial diseases

• Better prediction of serious CV outcomes

•   lower values (without the - sign), worse prognosis 



Early Detection and Prediction of 

Cardiotoxicity in Chemotherapy

JACC 2014

A 10-15% reduction on Pk Avrg GLS appears to be the 

most useful parameter for prediction of a >5% fall in EF 

during chemotherapy

ASE/EACVImaging consensus document (Plana, JC, JASE 2014) 

recommendations:

a relative change in GLS less than 8% is not meaningful, 

whereas a change greater than 15% is likely to indicate 

subclinical LV dysfunction



Value of GLS in Predicting Cancer Therapy 

Related Cardiac Dysfunction (>5% EF drop)

• Meta-analysis (Oikonomou E, et.al. JAMA cardiol Aug 2019)

– a ≥10-15% drop in GLS with chemotherapy had varying 

sensitivity and specificity for CTRCD

– absolute GLS values during treatment also have comparable 

prognostic value for detecting CTRCD

• The threshold active treatment absolute GLS value to identify 

risk has been variable in the literature, with most studies 

suggesting a value between 18.0% and 19.0% (median, 

18.0%)

– Baseline GLS may also flag patients at risk of CTRCD, possibly 

through detection of preexisting subclinical dysfunction, which may 

be aggravated by chemotherapy 

More studies are needed



N=4312

JACC 71: 2018

5-year All-cause Mortality

(HRpEF and HFrEF Combined)



A total of 323 patients with DCM 

(66% men, age 55±14 years) 

under optimal Rx for HF were 

included.

March 2022



JAMA Aug 2018

Symptoms development Intervention

Reduced GLS (under 18.2%

Normal GLS

Reduced GLS (under 18.2%

Normal GLS



N=760

AVA: 1-1.5 cm2

Peak AV vel < 4 m/s

Mean AVG < 40 mmHg

Median FU: 50 months

End-point: mortality

385 asymptomatic pts with EF ≥50%



Should we intervene sooner in patients with abnormal GLS?



JACC 2016

GLS ≥21.7%

GLS <21.7%



GLS ≥ 18%

GLS < 18%



Risk-Adjusted Event-Free Survival According to GLS

Event-free survival curves are shown according to the GLS (−18.1%), adjusted for 

significant univariate predictors. (A) Event-free survival curve for cardiac 

events. (B) Event-free survival curve for all-cause death.



GLS ≥ 17%; n= 73

GLS < 17%; n= 51



Limitations of Strain Imaging

• Quality of image alters accuracy

–  contrast cannot be used

Chang J, JASE Nov 2017

Quantitating Ventricular Function:  

How to use Global Longitudinal Strain?



Limitations of Strain Imaging

• Quality of image alters accuracy

–  contrast cannot be used

• Strain is an index of myocardial fiber shortening and thus, it is also 

influenced by changes in loading conditions

– Consider BP at time of imaging

• Inaccurate results may be  incorrectly accepted

– How does one know that  an abnormal result is real in a patient with 

an otherwise normal echocardiogram?

• Clinical limitation: how do we treat an asymptomatic  patient with normal 

LVEF who has abnormal global or regional strain

Quantitating Ventricular Function:  

How to use Global Longitudinal Strain?



    

• Regional strain may help in the detection of regional 

abnormalities in CAD and selective cardiomyopathies

• Reduction of GLS in cancer patients receiving cardio-toxic 

agents can predict a drop in EF but the GLS thresholds are still 

under validation

• GLS provides a better prediction of CV events and mortality 

than EF, in patients with HF, valvular lesions and sepsis.

• Stay tune as new treatment guidelines apply e GLS data to 

patient management

Predicting Outcome

Quantitating Ventricular Function:  

How to use Global Longitudinal Strain?



Thanks
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