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▶ Strain (S, %)

: Measure of deformation

: Lengthening or shortening

: Strain = (L – L0)/(L0)

▶Strain rate (1/sec)

: Rate of changes of the deformation

Strain and Strain Rate



▶ How to measure?

: M-mode

: Tissue Doppler based measurements

: 2D speckle tracking methods

▶Allow the measurement of regional myocardial deformation to 
assess specific local and global function

▶Widely studied to evaluate LV function, dyssynchrony, and its 
relation to prognosis, and to identify subclinical risks

Strain and Strain Rate Echocardiography



▶ Right Ventricle

▶Left atrium

▶Right atrium

▶Blood vessels

: Aorta

: Carotid artery

Strain Imaging Other Than Left Ventricle



Right Ventricle: TDI Based Strain Measurement

▶ Limitation of angle dependency ▶High frame rates (≥ 150 frames/s)



Right Ventricle: 2D Strain Measurement



Right Ventricle: 2D Strain Measurement



▶ RV longitudinal strain in apical view

: Feasible in clinical setting

: Have been studied in a number of conditions affecting the right
heart, including arrhythmogenic RV dysplasia, pulmonary
embolism, PH, systemic right ventricle, and amyloidosis

▶ Acute increase in RV afterload

: Increase in RV myocardial strain rate

: Decrease in peak systolic strain, indicating a decrease in SV

Right Ventricle: Strain Imaging Echocardiography 



▶ Associate with major adverse events in chronic heart failure
(Donal et al. Eur J Echocardiography 2007)

▶ Determine RV dysfunction in COPD
: Complementary to conventional echocardiographic findings
: Correlated with pulmonary HT and respiratory function tests

(Vitarelli et al. Eur Respir J 2006)

▶ Predicts future right heart failure, clinical deterioration, and 
mortality in patients with PAH
(Sachdev et al. Chest 2010)

RV Strain Measurement: Clinical Significances



▶ Predicts RV dysfunction after surgical correction of congenital 
heart disease 

(Eyskens B et al. Cardiol Young 2004)

▶ Detect cardiac involvement in patients with infiltrative CMP

(Lindqvist P et al. Eur J Echocardiogr 2006)

▶ Useful in the evaluation of RV function in APE

(Hsiao SH et al. J Am Soc Echocardiogr 2006)

RV Strain Measurement: Clinical Significances



Rudski LG et al. J Am Soc Echocardiogr 2010

Right Ventricle: Strain Imaging Echocardiography 



RV Strain Measurement: Current Recommendations

▶ Lack of reproducibility

▶ Paucity of data

▶ No reference limits



Left Atrium: LA Physiology

Nikitin NP et al. Eur J Echo 2003;4:36-42



Left atrium: Strain Echocardiography



Left atrium: Strain Echocardiography



▶ LA strain  and SR measurement
: Could be measured in 94% (77/84)

▶ Interobserver and intraobserver variability

LA Strain Measurement: Feasibility

Vianna-Pinto R et al. J American Soc Echocardiogr 2009



Left Atrial Strain and Strain Rate: Normal

Vianna-Pinto R et al. J American Soc Echocardiogr 2009

▶ LAc: LA contraction

▶ LAr: LA relaxation

▶ LVs: LV systole

▶ PaE: LA passive emptying

▶ Dia: Diastases



Left Atrial Strain and SR during LA Contraction

Vianna-Pinto R et al. J American Soc Echocardiogr 2009



Vianna-Pinto R et al. J American Soc Echocardiogr 2009

Left Atrial Strain and SR during LA Relaxation



Left Atrial Strain and Strain Rate: Normal

Saraiva RM et al. J American Soc Echocardiogr 2010



Left Atrial Strain and Strain Rate: Normal

Saraiva RM et al. J American Soc Echocardiogr 2010



Left Atrial Strain and Strain Rate: Normal

Saraiva RM et al. J American Soc Echocardiogr 2010



Left Atrial Strain and Strain Rate: Normal

Saraiva RM et al. J American Soc Echocardiogr 2010



LA Strain and LV filling Pressure in HF

Cameli M et al. Cardiovascular Ultrasound 2010



LA Strain and LV filling Pressure in HF

Cameli M et al. Cardiovascular Ultrasound 2010



LA Strain and LV filling Pressure in HF

Cameli M et al. Cardiovascular Ultrasound 2010

▶ PCWP showed strong inverse correlation with global atrial strain, but 

not with E/E` in patients with HF 



LA Strain: HCM vs Non-HCM LVH

Paraskevaidis IA et al. Heart 2009

▶ LA strain has an additive 

value in differentiating 

HCM from non-HCM LVH

▶ Optimal cutoff value

: -10.82% of LA strain

: Sensitivity 82%

: Specificity 81%



▶ Predicts success or failure of cardioversion for AF

(Wang T et al. Int J cardiol 2007)

▶ LA strain and SR inversely correlate with LA wall fibrosis 
measured by cardiac MRI in patients with AF

(Kuppahally SS et al. Circ Cardiovasc Imaging 2010)

▶ LA strain is significantly reduced and LA stiffness index defined 
by the ratio of PCWP/LA systolic strain is the most accurate 
index identifying patients with diastolic heart failure

(Kurt M et al. Circ Cardiovasc Imaging 2009)

LA Strain Measurement: Clinical Significances



Aortic Strain and Strain Rate

Oishi et al. Echocardiography 2008



Aortic Strain and Strain Rate

▶ Measurement of aortic circumferential strain/strain rate

: Short-axis images of the abdominal aorta

: Measured by 2D speckle tracking image method

▶ Peak circumferential Ao-S and Ao-SR

: Strongly correlated with age (r=-0.79, -0.81, respectively)

: Significantly lower in the middle-aged (30–60 years) and old-aged 

groups than in the young-aged group 

Oishi et al. Echocardiography 2008



Aortic Stiffness Parameter β1/β2 and Ageing

Ln (SBP-DBP)/AoS by M-mode Ln (SBP-DBP)/AoS by 2D strain



Aortic Strain/Strain Rate and Ageing

Oishi et al. Echocardiography 2008



Aortic Stiffness and Ageing

Oishi et al. Echocardiography 2008





Aortic Strain: VVI Measurements



Peak Aortic Strain and IMT or FACVVI

r = -0.45
p < 0.01

r = 0.91
p < 0.01

Kim KH et al. J American Soc Echocardiogr 2009



Peak Aortic Strain and Arterial Stiffness

r = -0.66
p < 0.01

r = -0.76
p < 0.01

Kim KH et al. J American Soc Echocardiogr 2009



Carotid Strain Measurement

Kawasaki T et al. JASE 2009





Prediction of Coronary Stenosis

Kawasaki T et al. JASE 2009



2D Strain of Carotid Artery



2D Strain of Carotid Artery



Carotid 2D Strain and Arterial Stiffness

AI = 9%
HFPWV

750



AI = 37%
HFPWV

1060

Carotid 2D Strain and Arterial Stiffness



2D Strain of Carotid Artery

Normal, young adult  Old, hypertensive patient



▶ Strain imaging to other than LV
: Feasible
: May be useful in various clinical settings

▶ Not recommend in routine clinical practice
: Lack of reproducibility
: Paucity of data

▶ Remain research tool in experienced labs until their limitations 
can be overcome

▶ Further larger studies will be needed

Take Home Messages




