Strain in the Echo Lab
The Clinic Experience
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Mirsky and Parmley. Circ Res, 1973
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Myocardial Strain: What is It?

Astrain is defined as theleformationof
an object, normalized to its original
shape.

Astrain Rate (SRshould be understood
as the rate of myocardialeformation
over a period of time
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Strain or deformation

AUnits 4 Dimensionless
A Lengthening4 Positive value
A Shortening4 Negative value
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Strain and Torsion

Counterclockwise.

Rotation
as viewed
from apex
————
Systole Diastole
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Notomi et al. Circulation 2005; 111: 1141

Clockwise

Fundamental Shear Strain

Geyer H et al. JASE 2010;23:359
OzkanA, Marwick TH. NatRev Cardiol 2011;8(9:494-501
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BRIEF REPORT

Strain in Myocardial Disease

Myocardial Strain Measurement With
Almportance of Longitudinal Strain 2-Dimensional Speckle-Tracking Echocardiography

i Longitudinal fibers are predominant in the Definition of Normal Range
subendocardialregion . ) .
. . Thomas H. Marwick, MD,* Rodel L. Leano, BS,* Joseph B , BS,® Jing-Ping
I Most vulnerable componentof LV mechanics and Rainer Hoffmann, MD; Peter Lysyansky, PUD,§ Michacl Becker MD.§
therefore most sensitive tahe early presenceof James D. Thomss, MDY
myOCardial disease Brishane, Australia; C land, Ohic; Aachen, Germany; and Haifa, Israel

The interpretation of wall mation is an important component of echocardiography but remains a source of
variation between observers. It has been believed that automated quantification of left ventricular (LV) systolic
function by measurement of LV systolic strain from speckle-tracking echocardiography might be helpful. This
multicenter study of nearly 250 volunteers without evidence of card lar disease showed an average LV peak

systolic strain of —18.6 + 0.1%. Although strain was influenced by weight, bload pressure, and heart rate, these
features accounted for only 16% of variance. However, there was significant segmental variation of regional strain

to necessitate the use of site-specific normal ranges. (J Am Coll Cardiol Img 2000:2:80-4) © 2009 by the
American College of Cardiology Foundation
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Geyer H et al. JASE 2010;23:369

Table 1. Left Ventricular 2.Dimensional Longitudinal Strain and SRs in Subjects at Different Sitas
Paak Systolic Paak Systolic Early Diastolic Late Diastollc
Strain SR ®sr (R) SR
Parameter 6) (i) (1is) s
Mean = SEM. “ii0=o01 155+ 001 102% 001
Lower 95% limit —109 154 101
Upper 95% limit - 156 103

Selacead for tracking quaiy (10) =3
58 - sain rte

5 = gobal mrgnanal Statonet al.Circ CV Imaging 2009;2:3564
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Longitudinal Strain Longitudinal Strain
Normal Subject Dilated Cardiomyopath

Parametric image

Strain graph

Peak Systolic Strair




Caveats of Specklelracking
derived Strain

AHighly dependent on imagguality =
and acquisition. {e: reverberation,
attenuation artifacts etc

AExcessive or limited regioiof-
interest width
pericardium!).

ATechnical proficiency for image
acquisition and measurements.

AcCannotdoit in the presence of
IV myocardial contrastfor LVO.
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Early detection of
cardiotoxicity from

chemotherapy

'3 Cleveland Clinic

What’'s the classic
of chometherapy related cardiotoxicity?

A Symptomatic reduction >5% to an EF<55%
A Asymptomatic reduction >10% to an EF <%5

L3 Cleveland Clinic
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Chemotherapy Associated
with LV Dysfunction

ChemotxAgent m Frequency of use

Antracyclines 3-26% +++
(Doxorubicin)

Cyclophosphamide 7-28% +++

Trastuzumab 2-28% ++
(Herceptin)

Yeh ET, Bickford CLJACC 2009;53:223147.
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EARLY DETECTION OF CARDIOTOXICITY

LVEF Cardiac biomarkers Late changes:
= LVEF evaluation (ECHO, MUGA)
= Endomyocardial biopsy

cancer treatment

baseline

lower limit lower limif]
of normal

Early diagnosis
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3D LVEF vs. Longitudinal Strain Rate
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Conclusions Myocordiol deformation idenifies predinical myocardial dysfunction earlier than conventional measures in
women undergoing treatment with trastuzumab for breast cancer. [Am Heort ] 2009;158:294301.)

Hare JL et al. AnHeart J2009;158(3:294-301 Cleveland Clinic

Early Detection and Prediction of Cardiotoxicity in
. J DDDRM ol
Chemotherapy-Treated Patients /—\r)r)r). Qll‘\(_/l_
Heloisa Sawaya, MD, PhD*, Igal A. Scbag, MD?, Juan Carlos Plana, MD', James L. Januzzi, MD*
Bonnie Ky. MD®, Victor Cohen, MD®. Sucheta Gosavi. MD*. Joseph R. Ca MD2,

Susan E. Wiegers. MD, Randolph P. Martin, MD", Michael H. Picard, MD*

Robert E. Gerszten. MD?, Elkan F. Halpern, PhD*, Jonathan Passeri, MD*, Irene Kuter, MD", and
Marielle Scherrer-Crosbie, MD, PhD*
ObjectivesTo evaluate if more sensitive echocardiographic
measurements and biomarkers could predict later cardiac
dysfunction in chemetreated patients.
Sensitivity Specificity PPV NPV

LVEF TNI
10% decrease longitudinal strain  7/9 (78Y% 27/34 (79 7/14 (509 27/29 (93

Increased cTnl at 3 months 28/34 (82! 6/12 (509 28/31 (90%) J l

10% decrease Long strain and
increased cTnl at 3 months , 4 33/37 (89%)

10% decrease Long strain or
increased cTnl at 3 months y 4 8/20 (40%) 22123 (97%) 1934 1996 2000 2004
Cardiac dysfunction and

Am JCardiology2011;107(9:137580 = B
A ACEIIER) @ adverse cardiac event incidence

Clinical Example

A 52y0 female with history of breast CA {JN; M) dx in
07/2000.

i S/p Modified radical mastectomy w/ adjuvant Chemotx
i Adriamycin/Doxorubicin (12yrs prior) + XRT

A Recurrence 8 yrs after w/ mets
i Herceptin 2yrs + XRT

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

A Longstanding edema, due to varicose veins.
A No angina.
A Hypotensive symptoms with ARHTN Rx in past.

leveland Clinic

Average GLS=-14
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N I APatient was started on Ramipril 2.5 mg in
) ] AM and 5 mg PM
< ABisoprolol 2.5 mg/day was added 2 weeks
after and titrated up to 5 mg/day over 1
month.

ATolerated well, except for mild cough.
AFollow-up Echo in 1 and 3 months

T3 Cleveland Clinic

Average GLS=

i~ FallahRad et al.
[CRNRTIRTN  JACC2011:31;57(2p226370

Strain in HCM

Septal Lateral 1
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Lo Cleveland Clinic ~100mmHg



Other Clinical Applications
of Strain

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

APericardial Diseases

ARegionaland Global Function of other
cardiac chambersié: LA, RV).

AcCould it be measured with/post contrast?

'3 Cleveland Clinic
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Correlation of regional function
and myocardial fibrosisin HCM

* N=72 (39 w/ HCM and 23 controls)

* Mean enebystolic Long strain
correlated well with total myocardial
fibrosis (r=0.46, p=0.003)

 Longitudinal, circumferential, and
radial strainsare decreased in
patients with HCM even in the

Longitudinal Strain (%)

absence .of ybrosi

¢ Myocardialy br osi s is a
with depressedbngitudinal strain in
patients with HCM.

PopovicZ et al. JASE 2008;21:1299.305

67 yo female with adv COPD, s/p robotic MV
repair (5 mosprior) with progressive HF
symptoms
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Differentiation of Hypertrophic Cardiomyopathy and Cardiac
Amyloidosis from Other Causes of Ventricular Wall Thickening by
Two-Dimensional Strain Imaging Echocardiography

Sun, MD**, William J. Stewart, MD", Xing Sheng Yang, MD, PhD’

1. MD", Angel R. MD?", Joel M. Felner, MD*, James D. Thomas, MD", and
a D. Merlino, MD'

tial st among the groups. ANOVA
< LVH = LV hypertophy.

Cleveland Clinic - - v J J Cleveland Clinic|

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

CO StrlCthe PerICaI’dItIS Arun Dahiya, Zoran B Popovic M Chadi Alraies, JodoL. Cavalcante L.

Leonardo Rodriguez, ScottFlamm, Allan L. Klein

Pericardium

Constricted pericardial shell tethers the myocardium

Cleveland Clinic

Understanding LA function Functional Recovery of the Left Atrium after
- A A Pericardiectomy Demonstrated by Speckle
actile, conductive and reservoir) A e

Hirohiko Mot
Dahiya, MD

Strain Rate (s)
N Ao awn

SaraivaR et al. JASE 2010;23:1780 .




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 prerocedural
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
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Just an exaripie... = G0

PRE-CONTRAST POST-CONTRAST with LOW MI

o,

CavalcantelL, Plana JC, Thomas JD, Marwick TH
Circulation 2011;124:A17415
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Diference PosiContrast -PreCantrast)
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Feasibility of STLS assessment in the
presence of LV contrast

p<0.0001
=
= Baseline

= High MI

= High
MI+Bubbles
Destruction
Uninterpretable Segments

CavalcantelL, Plana JC, Thomas JD, Marwick TH
Circulation 2011;124:A17415
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Bland-Altman Plot Analysis of STLS
measurements

. T U, S— T | I - Bias:- 0.4
95% CI - 8.0 10 82
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Panel A Panel B

CavalcantelL, Plana JC, Thomas JD, Marwick TH
Circulation 2011;124:A17415
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3D SpeckleTracking
Lo

Single 3D,
Data Set

Longitudinal

Circumferential Radial



Layer Specific Strain
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Strain and Strain Rate—
What' s Ahead?
AMulticenter trials are needed to further

confirm and establish the incremental value of
this method.

AStandardization of the measurements across
vendors and different platforms.

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

early detection of subclinical

abnormality4 early intervention
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Strain and Strain Rate

AFree from Translation and Tethering
AHighly dependent on image quality

ARobust and sensitivemarker of functional
changes of subclinical disease.

Alt canquantify global and regional
myocardial function, adding incremental
value to standard measurements.
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Thanks!!
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