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Strain in Echocardiography

Strain = myocardial deformation; the fractional change in 
the length of a myocardial segment. 

- Strain is unitless and is usually expressed as a 
percentage. 

-Strain can have positive or negative values, which reflect 
lengthening or shortening

-Myocardial regional motion by echocardiography divides 
strain into four types namely longitudinal, radial, 
circumferential, and rotational 
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Strain Based Techniques

5

Speckle Tracking
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Longitudinal Strain
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Speckle Tracking Strain

Mean (95% CI)

Longitudinal Strain -19.7 (-20.4 to -18.9%)

Circumferential Strain -23.3 (-24.6 to 22.1%)

Radial Strain 47.3 (46.3 to 51.0%)

• Tracking of the irregular speckled pattern generated by interference of the 
reflected ultrasound

• Comparability between vendors is variable: appears more robust for 2D 
GLS

• What is “normal” : meta- analysis of existing strain reference limit studies:

Manovi et al. Eur J Echocardiogr 2010;11:417-21 Yingchoncharoen et al. J Am Soc Echocardiogr 2013;26:185-91
Nelson et al. J Am Soc Echocardiogr 2012;25:1189-94 Mor-Avi et al. J Am Soc Echocardiogr 2011;24:277-313
Gayat et al. J Am Soc Echocardiogr 2011;24:878-85
Negishi et al. Ultrasound in Med & Biol 2013;39:714-720
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Global Longitudinal Strain (GLS)
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Clinical Utility of Strain

Collier, P. et al. J Am Coll Cardiol. 2017;69(8):1043–56.
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EF

GLS
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Schiller et al. Circulation 1979
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Problems with Ejection Fraction

1. Imprecise physiological implications – can be 
normal despite LV dysfunction

2. Substantial variability across imaging modalities

3. EF cutoffs are arbitrary

4. Calculation is based on geometric assumptions 
and cavity border tracing methods

Triposkiadis et al. European Heart Journal. 2019
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HFpEF, HFmrEF, and HFrEF
EF Guides Medical Therapy & Determines Risk for 
Sudden Cardiac Death

EF<40%

Maddox et al.
2021 Update to 2017 ECDP for Optimization of Heart Failure Treatment
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Change In Ejection Fraction (EF) For 
Patients With Preserved And Reduced EF

Dunlay SM. et al. Circ Heart Fail. 2012;5(6):720-726
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What is wrong with serial echo EF assessment?
A brief review of the literature.....
- Measurement of EF is fraught with errors, and can vary up 

to 20% on any given study. (1,2)

- Standard echo (2D noncontrast) has poor temporal 
variability in EF exceeding 10%. One study has suggested 
that an 11% is the smallest change in EF that can be 
recognized with 95% confidence (3)

- GLS  has been shown to have excellent reproducibility 
across different vendors, and better than standard echo 
measurements including EF(4)

EF

GLS

1. Gopal et al. Circulation 1995;92:842-53. 
2. Otterstad et al. Eur Heart J 1997; 18:507-13. 
3. Thavendiranathan et al. J Am Coll Cardiol 2013;61:77–84) 
4. Konstantinos et al. J Am Soc Echocardiogr 2015;28:1171-81. 
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What does Strain Add Beyond EF?
- Prognostic Information
- Regional Variation detection in function
- Assessment of thickening
- Detects subclinical changes in myocardial function before 

development of cardiomyopathy allowing window for therapy
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GLS adds important prognostic info beyond EF

EF and All-Cause Mortality
GLS and Prediction of Mortality is Additive To 
Baseline Factors including DM2, Age, HTN

2Stanton et al.  Circ Cardiovasc Imaging 20091Curtis et al. JACC 2003
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• Meta-analysis of 16 studies with 5721 patients looking at GLS 
and EF

• Mortality was independently associated with each SD change 
in the absolute value of baseline GLS (HR 0.50, 95% CI 0.36 
to 0.69; p<0.002) and less strongly with LVEF (HR 0.81, 95% 
CI 0.72 to 0.92; p=0.572). 

• Mortality was closely associated with GLS by a factor of 1.62 
compared to LVEF
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GLS and EF on Mortality GLS and EF on Composite Endpoint
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- Study of 108 patients with left main or 3 vessel CAD without 
regional wall motion abnormality (RWMA) looking at GLS

- GLS cutoff of -17.9% has sensitivity and specificity of 79% for 
predicting severe CAD

21
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A Schematic Approach to Cardiotoxicity

Khouri et al. Circulation 2012
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GLS is an independent early predictor of later reductions in EF, incremental 
to usual predictors in patients at risk for trastuzumab-induced cardiotoxicity. 
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Case Example – 79 yo with HFpEF
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Bullseye Plot - GLS

GLS = -18.6%
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Apical Sparing seen in Cardiac Amyloidosis

Phelan et al. Heart 2012;98:1442e1448. 
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1 year later
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GLS = -8.2%

31

65 yo with normal thickness, normal EF

Patient recently diagnosed with
Myeloma and AL amyloid

Question: Is there cardiac involvement?
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Strain to the Rescue
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19 yo male with normal EF

35

36



1/14/22

19

GLS = -20.6% 4 months prior:
GLS = -15.8%
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Further History and Observations
- Presented with myocarditis Dec 2020, 6 weeks following diagnosis 

of COVID-19 infection. Initial echo showed normal LV function but 
reduced strain in basal inferior wall and basal septum 
corresponding with nonischemic LGE in both areas. Initial Echo EF 
50-55%

- Subsequent Echo 8 months later showed EF 55% with GLS still 
reduced at -16%

- Full normalization of LV function, EF 65% associated with normal 
GLS
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Utilities of Strain Beyond EF
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Summary and Conclusions
- Strain and GLS provide important prognostic information 

independent of Ejection, and insight into subclinical disease
- Consider its use in patients with both normal and reduced ejection 

fractions
- Both regional strain and GLS provide important information for 

clinical decision making
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Thank-you!
Twitter: @drsabede
E-mail:  Sabe.De@lhsc.on.ca
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