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ÅStrain is defined as the deformation of 
an object, normalized to its original 
shape. 

ÅStrain Rate (SR) should be understood 
as the rate of myocardial deformation 
over a period of time. 
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Myocardial Strain: What is It?  
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Mirsky  and Parmley. Circ Res, 1973 

ÅUnits Ą Dimensionless  

ÅLengthening Ą Positive value 

ÅShortening Ą Negative value 

Strain or deformation 
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Strain and Torsion 
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Notomi et al. Circulation 2005; 111: 1141-7 

Geyer H et al. JASE 2010;23:351-69 

Fundamental Shear Strain 

Ozkan A, Marwick TH. Nat Rev Cardiol. 2011;8(9):494-501 
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Strain in Myocardial Disease 

ÅImportance of Longitudinal Strain 

ïLongitudinal fibers are predominant in the 
subendocardial region  

ïMost vulnerable component of LV mechanics and 
therefore most sensitive to the early presence of 
myocardial disease. 

Geyer H et al. JASE 2010;23:351-69 

 

Staton et al. Circ CV Imaging 2009;2:356-64 

Longitudinal Strain 

Normal Subject 

Strain graph 

Anatomical M-mode 

Parametric image 

Longitudinal Strain 

Dilated Cardiomyopathy 
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Caveats of Speckle-Tracking 
derived Strain 

ÅHighly dependent on image quality 
and acquisition. (ie: reverberation, 
attenuation artifacts, etc) 

ÅExcessive or limited region-of-
interest width (donôt include the 
pericardium!). 

ÅTechnical proficiency for image 
acquisition and measurements. 

ÅCannot do it in the presence of  
IV myocardial contrast for LVO. 
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Early detection of 
cardiotoxicity  from 

chemotherapy 

Chemotherapy Associated 
with LV Dysfunction  

Chemotx Agent Incidence Frequency of use 

Antracyclines 

(Doxorubicin) 

3-26% +++ 

Cyclophosphamide 7-28% +++ 

Trastuzumab 

(Herceptin) 

2-28% ++ 

Yeh ET, Bickford CL. JACC 2009;53:2231ï47. 

What’s the classic and current defition 
of chometherapy related cardiotoxicity? 

ÅSymptomatic reduction >5% to an EF<55% 

ÅAsymptomatic reduction >10% to an EF <55% 
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3D LVEF vs. Longitudinal Strain Rate 

Hare JL et al. Am Heart J. 2009;158(2):294-301 

Objectives: To evaluate if more sensitive echocardiographic 
measurements and biomarkers could predict later cardiac 
dysfunction in chemo-treated patients. 

  Sensitivity  Specificity   PPV   NPV 

10% decrease longitudinal strain  7/9 (78%)  27/34 (79%)  7/14 (50%)  27/29 (93%) 

Increased cTnl at 3 months  6/9 (67%)  28/34 (82%)  6/12 (50%)  28/31 (90%) 

10% decrease Long strain and 

increased cTnl at 3 months 5/9 (55%)  33/34 (97%)  5/6 (83%)  33/37 (89%) 

10% decrease Long strain or 

increased cTnl at 3 months 8/9 (89%)  22/34 (65%)  8/20 (40%)  22/23 (97%) 

Am J Cardiology 2011;107(9):1375-80 

 

Clinical Example 

Å52yo female with history of breast CA (T1c N1 M0) dx in 
07/2000. 

ïS/p Modified radical mastectomy w/ adjuvant Chemotx 

ïAdriamycin/Doxorubicin (12yrs prior) + XRT  

ÅRecurrence 8 yrs after w/ mets 

ïHerceptin 2yrs + XRT 

ÅMild exertional dyspnea (walking up 5 flights of steps). No 
PND/orthopnea. 

ÅLongstanding edema, due to varicose veins. 

ÅNo angina. 

ÅHypotensive symptoms with Anti-HTN Rx in past. 

Average GLS= -14.5% 
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Clinical Example 

ÅPatient was started on Ramipril 2.5 mg in 
AM and 5 mg PM 

ÅBisoprolol 2.5 mg/day was added 2 weeks 
after and titrated up to 5 mg/day over 1 
month. 

ÅTolerated well, except for mild cough. 

ÅFollow-up Echo in 1 and 3 months 

Average GLS= -19.7% 

Fallah-Rad et al. 

JACC 2011:31;57(22):2263-70 

Strain in HCM  

45 yo female with exertional dyspnea 

Pk Grad 

~100mmHg 

Lateral  Septal 

IVSd=

2 cm 
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Average 

GLS= -9.8% 

Correlation of regional function 
and myocardial fibrosis in HCM  

Popovic Z et al. JASE 2008;21:1299-1305 

• N=72 (39 w/ HCM and 23 controls) 

• Mean end-systolic Long strain 

correlated well with total myocardial 

fibrosis (r=0.46, p=0.003) 

• Longitudinal, circumferential, and 

radial strains are decreased in 

patients with HCM even in the 

absence of ýbrosis.  

• Myocardial ýbrosis is associated 

with depressed longitudinal strain in 

patients with HCM. 

Other Clinical Applications 
of Strain 

ÅCorrelation of regional function and 
myocardial fibrosis in cardiomyopathies. 
(ie: amyloid, DCM, etc) 

ÅPericardial Diseases 

ÅRegional and Global Function of other 
cardiac chambers (ie: LA, RV). 

ÅCould it be measured with/post contrast? 

67 yo female with adv COPD, s/p robotic MV 
repair (5 mos prior) with progressive HF 

symptoms 

Average 

GLS= -6.6% 
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Constrictive Pericarditis 

Pericardium 

Muscle 

Constricted pericardial shell tethers the myocardium 

Regional LV and RV Free Wall Longitudinal Strain by Speckle Tracking 
is Reduced in Patients with Constrictive Pericarditis: An  MRI 

Correlation Study  
Arun  Dahiya, Zoran B Popovic, M Chadi Alraies,  João L. Cavalcante, L. 

Leonardo Rodriguez, Scott Flamm, Allan L. Klein  
 
 

J Am Coll Cardiol. 2011;57(17):E339  

Understanding LA function 
(contractile, conductive and reservoir) 

Saraiva R et al. JASE 2010;23:172-80 

Functional Recovery of the Left Atrium after 
Pericardiectomy Demonstrated by Speckle 

Tracking Imaging 
 

Hirohiko Motoki, MD, PhD, Andrew C. Y. To, MBChB, Roberto M Saraiva, MD, PhD, Arun 
Dahiya, MD, Mazen Hanna, MD, Chadi Alraies, MD, Juan Carlos Plana, MD, Thomas H. 

Marwick, MD, PhD, Allan L. Klein, MD.  
 

JASE  2011 
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Can RVLS predict RV failure 
post LVAD implantation? 

• N=117 patients undergoing LVAD 

implant. 

• RV failure defined as need for RVAD 

or use of inotropic > 14 days. 

• VVI measure RVLS on pre-procedural 

echocardiograms. 

• 40% pts had RV failure. 

• Cutoff value of -9.6% predicted RV 

failure w/ specificity of 76% and 

sensitivity of 68% with ROC=0.70. 

• RVLS was independent predictor of 

RV failure. 

Grant AD, Starling RC, Smedira NG, Marwick TH.  

Circulation 2011;124:A11333 

Feasibility of STLS assessment in the  
presence of LV contrast 
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p<0.0001 

p=0.27 

Cavalcante JL, Plana JC, Thomas JD, Marwick TH 

Circulation 2011;124:A17415 

Just an example… 

PRE-CONTRAST POST-CONTRAST with LOW MI  

Cavalcante JL, Plana JC, Thomas JD, Marwick TH 

Circulation 2011;124:A17415 

Bland–Altman Plot Analysis of STLS 
measurements 

Cavalcante JL, Plana JC, Thomas JD, Marwick TH 

Circulation 2011;124:A17415 
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3D Speckle-Tracking 

Circumferential  

Longitudinal  

Radial 

Single 3D 

Data Set 
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Layer Specific Strain 

Strain and Strain Rate 

ÅFree from Translation and Tethering 

ÅHighly dependent on image quality 

ÅRobust and sensitive marker of functional 
changes of subclinical disease. 

ÅIt can quantify global and regional 
myocardial function, adding incremental 
value to standard measurements. 

Strain and Strain Rate – 
What’s Ahead? 

ÅMulticenter trials are needed to further 
confirm and establish the incremental value of 
this method. 

ÅStandardization of the measurements across 
vendors and different platforms. 

ÅSignificance of these measurements needs to 
be considered in the context of 

early detection of subclinical  

abnormality Ą early intervention 


