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Learning Objectives

1. Discuss the basic principles of strain and myocardial deformation
imaging

2. Describe common clinical applications of left ventricular strain



What is Strain?



Strain = Deformation

Lo-L

Strain = 1 =1AL
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Strain = Differential displacement of an object
expressed as % (-ve 2 shortening; +ve = elongation)




LV chamber deformation is determined
by myofiber architecture

Fiber Architecture

3D LV myocardial deformation is
the result complex electrical and
mechanical inter-connection of all
fibers throughout the wall

Normal 53-73%




Cardiac Muscle Fiber Orientation
Epicardium [L] Endocardium [R]

Journal of Cardiovascular Ultrasound 201119 1-6.

Fibers in the sub-endocardium are arranged in right-handed
helix, then smoothly transition to a transverse circular
arrangement in the midmyocardium and then finally a left-
handed helix in the epicardium

J Am Soc Echocardiogr. 2007 May ; 20(5): 539-551. Mayo Clin Proc. January 2019;94(1):125-138



Principle myocardial deformations

JACC Cardiovasc Imaging. 2019 Sep;12(9):1849-1863



Acoustic Pattern (Speckle) Tracking

Velocity is estimated as a shift of each speckle divided by time
between successive frames (or multiplied by Frame Rate)

2D vector:(Vx, Vy) = (dX, dY) * FR

Improved signal noise levels, less angle dependency, & freedom
to assess strain using regular B-Mode datasets in 2D, rather
than a single dimension locked along the scan line

Allows assessment of rotational
mechanics

J Am Coll Cardiol 2006;47:1313-27



GLS Results Display




Technical Challenges and
Barriers to Adoption



Age, Gender, & Vendor Variability

* Individuals > 60 years show clinically and
statistically relevant impairment in GLS,
compared with younger subjects (19.9% +
2.9% vs 21.1% + 2.6%, P <.01)

* Normal ranges for GLS also varied with
covariates such as weight and BP

e Strain reported lower in women vs. men,
presumably due to smaller female heart (

Regardless of vendor or clinical covariate

=> GLS <16% is almost certainly abnormal

2

GLS >18% is considered normal

=» GLS between -16% and —-18% is ambiguous (probably abnormal),
although normal measurements may still be in this category due to
increased afterload and older age







Definition of Cancer Therapeutics—Related
Cardiac Dysfunction (CTRCD)
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Expert consensus for screening & diagnosis of CTRCD

Initiation of regimen potentially associated with Type | toxicity Initiation of trastuzumab
Baseline evaluation of LVEF Baseline evaluation of LVEF
3DE (preferred) / 2DE (consider contrast) 3DE (preferred) / 2DE (consider contrast)
GLS, Troponin | GLS or Troponin |
N | v :
GLS < LLN** GLS > LLN GLS < LLN*
Y v v
Cardiology consultation F/U at complation of therapy, Cardiology consultation
and 6 months later***
* Consider confirmation with CMR.
** LLN = Lower imit of normal. Please refer to Table 5 for normal
GLS values based on vendor, gender and age Drop of 10 points ] '[
*** If the dose is higher than 240 mg/m* (or its equivalent), recommend measurement of LVEF, to LVEF <53% —{Yes CTRCD]
GLS and troponin prior to each additional S0 mg/m?,
Y
Relative drop of GLS as
compared to baseline
Initiation of trastuzumab after regimen associated with Type | toxicity
‘ <8% ; > 15% ]
Baseline evaluation of LVEF
3D (preferred) / 2D (consider contrast)
GLS, Troponin | ¥ ¥
No evidence of oo
. Subclinical
| subclinical W i
¢ ; LV dysfunction O
/| < 5306+ a e
GLS < LLN" GLS > LLN*" * The data supporting the initiation of cardioprotection for the
sjeieialigs - treatment of subclinical LV dysfunction is limited.
Cardiology consultation FiU every 3 months during
therapy, and 6 months later

J Am Soc Echocardiogr 2014;27:911-39



OANZCTR

Austraian New Zeatand Cumcal Tnals Regrtry

Strain sUrveillance
during Chemotherapy for

improving Cardiovascular [ ] [ ]
Outcomes (SUCCOUR)

International, multicenter,
prospective, RCT

[

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=366020



Patients were followed for change in EF and development of CTRCD (symptomatic EF
reduction of >5% or >10% asymptomatic to <55%) over 1 year

Although the primary outcome of change in LVEF in both groups was
similar, LV surveillance with GLS is associated with:

1) Greater use of CPT

2) Higher final LVEF

3) Lower incidence of CTRCD (with a number needed to treat of 13)

Findings underscore the flaws of our current imaging practices and
critical limitations of relying on LVEF as the main measure of CV risk




Prognostic value of Strain imaging
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GLS adds significant incremental predictive value for

mortality in patients with LVEF >35%, irrespective of WMSI

Circ Cardiovasc Imaging 2009;2:356-64 JACC Cardiovasc Imaging, 2018;11:260-274

* GLSis a stronger predictor than LVEF of all-cause mortality and
a composite of cardiac death, HF hospitalization, and malignant
arrhythmias in meta-analysis of 5,721 subjects across 16
studies of various cardiac diseases

* In 603 patients in the VALIANT (Valsartan in Acute Myocardial
Infarction Study) echocardiographic sub-study, GLS provided
prognostic value for the prediction of all-cause mortality,
independent of and incremental to clinical variables and LVEF,
and circumferential strain rate identified patients at risk of LV
remodeling.

* GLS improved predictive ability of the Framingham

Baseline clinical variables: Diabetes, Age, & HTN were selected based risk score in a Danish population when natriuretic
on independent univariable predictors. Data from Stanton et al. peptides did not



4,172 consecutive pts w acute HF
HFrEF, HFmEF, HFpEF
Mild, mod, severe GLS

5-year all-cause mortality

In patients with acute HF, GLS has greater prognostic value
than LVEF supporting consideration for GLS as a standard
measurement in all patients with HF

| w

l |

The proportion of patients with HFrEF increased
as GLS decreased.

e Patients with HFrEF had slightly higher mortality than those with HFmEF or HFpEF,
whereas patients with reduced strain had significantly higher mortality

* In multivariable analysis, each 1% improvement in GLS was associated with a 5%
decreased risk for mortality
J Am Coll Cardiol 2018;71:1947-57



e 219 HFpEF patients from
HFpEF PARAMOUNT trial

* 50 normal controls

* 44 pts with HHD but no HF

of
o 0"\0 Lower LS was modestly associated
? 2 ith hi :
.Pcom ’ o((\Q wnth higher NT-proBNP, -even afte-r
flsof,-o” QOQ’C adjustment for 10 baseline covariates

including LVEF, measures of diastolic
function, and LV filling pressure

Compared with normal controls & pts with hypertensive heart disease,
HFpEF/HFmMEF pts demonstrated significantly lower longitudinal strain
J Am Coll Cardiol 2014;63:447-56




Strain Abnormalities in HCM vs.
Healthy Controls

72 patients with HCM and 32 controls evaluated using 2-dimensional velocity vector imaging

Longitudinal strain in Hypertrophic Circumferential strain increased from
Cardiomyopathy is significantly lower base to apex, & was significantly higher
than in control subjects without notable || in HCM for all segments except lateral
regional variability apex

J Am Soc Echocardiogr. 2008;21:675-683



Association Between Regional Strain
and Myocardial Fibrosis in HCM

Longitudinal Strain (%)

3

-10

=20

Mean Longitudinal Strain (%)

0

* 36 pts w non-apical
HCM

* 3 pts w apical HCM
* 23 healthy controls

* CMR & Echo within
6 months

=% Non-apical HCM/F-

- N

"% Non-apical HCW/F +

LS significantly decreased from apex-to-base in all pts
w non-apical HCM

Apex-to-base decrease of LS was greatestin HCM w
fibrosis > HCM wo fibrosis > healthy controls

All 3 patients with apical form of HCM (all with
fibrosis) had an apex-to-base increase of LS

Mean ES LS had moderate correlation with # of

T Apical HCM . .
Apes fibrotic segments (r =0.47, P=.002) and total LV mass
o Controls (r=0.46, P=-003)

N= 64 80 12 87 848012 64801278

e " Apex « Fibrosis & wall thickness were multivariate predictors

of lower segmental longitudinal strain (P=.003)
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J Am Soc Echocardiogr 2008;21:1299-1305



GLS for the Diagnosis of Cardiac
Amyloid 0.0
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-35.0 --=1CA HCM | ----- LVH

Apex-to-base gradients in absolute regional strain were present in all groups
Absolute GLS in CA << HCM or AS (p<0.001)
GLS Gradients in CA >> AS (p<0.001), but no different than HCM

Regional LS is significantly lower in CA vs HCM groups at all 3 levels
(p<0.001)

Heart 2012;98:1442e1448.






Anderson-Fabry Disease

X-linked lysosomal storage disorder caused by deficiency in a-galactosidase A enzyme

Concentric LVH Pap muscle hypertrophy Pap muscle hypertrophy

* Complex and heterogeneous
strain patterns

e Greater impairment of basal
vs. apical segments

 Reduced inferolateral strain
despite septal hypertrophy

e Reduced strain in all basal
segments occurs with
advanced disease

J Clin Med. 2021 May; 10(9): 1994.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8124634/

Application of a Parametric Display of
Two-Dimensional Speckle-Tracking Longitudinal
Strain to Improve the Etiologic Diagnosis of Mild to
Moderate Left Ventricular Hypertrophy

Dermot Phelan, MB, BCh, PhD, Paaladinesh Thavendiranathan, MD, MSc, Zoran Popovic, MD, PhD,
Patrick Collier, MB, BCh, PhD, Brian Griffin, MD, James D. Thomas, MD, and
Thomas H. Marwick, MBBS, PhD, MPH, Cleveland, Ohio; Toronto, Ontario, Canadn; Hobart, Australin

Background: The distinction of hypertrophic cardiomyopathy (HCM) or cardiac amyloidosis (CA) from hyper-
tensive heart disease may be difficult. The aim of this study was to determine the impact of parametric (polar)
maps of regional longitudinal strain on identification of the etiology of mild to moderate left ventricular hyper-
trophy (LVH).

Methods: Twenty-four consecutive echocardiographic studies with mild to moderate LVH (eight with CA, eight
with HCM, and eight with hypertensive heart disease) were selected on the basis of the availability of adequate
images to assess longitudinal strain and absence of electrocardiographic criteria for low voltage or LVH or a
pseudoinfarct pattemn. Twenty level 3—trained readers provided the most likely of three diagnoses (CA, HCM,
or hypertensive heart disease) and scored their confidence in making the diagnosis from two-dimensional im-
ages and diastolic parameters. A teaching exercise was provided on the interpretation of longitudinal strain in
these cohorts, and interpretation was repeated with the addition of the strain polar map.

Results: Baseline concordance among the readers was poor (k = 0.28) and improved with the addition of strain
data (x = 0.57). Accuracy was improved with the addition of polar maps for the entire study cohort (P < .001),
with 229 of cases reclassified correctly. The largestimprovements in sensitivity (from 40% to 86%, P < .001),
specificity (from 84% to 95%, P < .001), and accuracy (from 70% to 92%, P < .001) were seen for CA. The
strain polar map significantly improved reader confidence in making the correct diagnosis overall (P < .001).

Conclusions: Regional variations in strain are easily recognizable, accurate, and reproducible means of differ-
entiating causes of LVH. The detection of LVH etiology may be a useful clinical application for strain. (J Am Soc
Echocardiogr 2014;27:888-95.)

Keywords: LV hypertrophy, Hypertension, Hypertrophic cardiomyopathy, Amyloidosis, Strain




LVEF = 60%
MWT = 14.5 mm

Detection of LVH etiology may be a useful clinical application for strain

J Am Soc Echocardiogr 2014;27:888-95



Key take home messages

Strain imaging reflects the direction of the wall movement rather than the
direction of the muscle fibers themselves

GLS is the most robust & widely used strain parameter in clinical practice

Despite being systolic phase parameters, LV-GLS and LVEF do not
necessarily correlate

In HFrEF, strain may not be needed for the diagnosis, but provides
incremental prognostic value

In HFmMrEF, strain may be useful for the diagnosis when LVEF is difficult to
assess

In HFpEF, strain can provide significant diagnostic and prognostic value

In HCM, the degree of wall thickening, and severity of fibrosis correlate
closely with abnormalities in regional and global longitudinal strain

Regional variations in strain can be easily recognizable, accurate, &
reproducible means of differentiating causes of LVH



Match the strain plot to the correct patient
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Match the strain plot to the correct patient
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Match the strain plot to the correct patient
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