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Outline

e Strain Imaging (focus on STE)
* Advantages
* Disadvantages LV P4 11
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HR =69 bpm
R. Time SD =411

e Adult Guidelines

 Utility in Congenital Heart Disease
* Tetralogy of Fallot
* Single Ventricle

 Utility in Acquired Heart Disease
([ ] Ca rdiOtOXiCity Enter AVC time.
* Inherited Cardiomyopathy _—
° Pulmonary HypertenSion LV AP4 Endo Peak L. Strain= 209 %
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Advantages: Directly Measures Myocardial Fiber Changes

Strain =
A Length
Length,

% Thickening

% Thinning

-

Frame 1 Frame i +n

Myocardial speckles in a gray-scale image
can be tracked frame-to-frame

Children’s » Keck School of
Hospital Medicine of UsC ~ Gorcsan et al. JACC 2011 Ho et al. Heart 2006

LOS 'ANGELES:



Advantages: Global & Segmental Strain by STE

=.209 % S — U Strain= 244 %

4-Chamber 3-Chamber 2-Chamber Bullseye

Hospital
LOS ANGELES’

Children’s% Keck School of

Medicine of USC



Advantages: Regional Myocardial Mechanics

Segmental Strain

LGE - MRI

Transmural infarct

Subendocardial
infarct

Normal myocardium

Green & purple = transmural infarct
Blue & red = subendocardial infarct
Yellow & cyan = normal myocardium

Childr-en's% Keck School of .
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Advantages: Can Assess Complex Myocardial Mechanics
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Apical rotation
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EF overlooks these complex mechanics
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Disadvantages STE

* Good quality 2D gray-scale images are required

* Frame rate must be adequate
* |deal 50-90 Hz
* Most PACS systems store DICOM images at default 30 Hz

* Vendor specific software
 Different post-processing algorithms from different vendors

Erg)ilsdrﬁg'f » Keck School of
R Medicine of USC

LOS 'ANGELES:



Efforts to Reduce Inter-Vendor Variability

@ European Heart Journal — Cardiovascular Imaging (2015) 16, 1-11 CONSENSUS PAPER
EUROPEAN doi:10.1093/ehjci/jeu184

SOCIETY OF

Definitions for a common standard for 2D speckle

tracking echocardiography: consensus document
of the EACVI/ASE/Industry Task Force to
standardize deformation imaging

Jens-Uwe Voigt!T, Gianni Pedrizzetti?3T, Peter Lysyansky*l, Tom H. Marwick?,

Helen Houle®, Rolf Baumann’, Stefano Pedri®, Yasuhiro Ito?, Yasuhiko Abe1?,
Stephen Metz'1, Joo Hyun Song'2, Jamie Hamilton'3, Partho P. Sengupta3,

Theodore J. Kolias'4, Jan d’Hooge!, Gerard P. Aurigemma'5, James D. Thomas'¢, and
Luigi Paolo Badano7+*
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Widespread Use and Interpretation

Boston Children's Hospital

Z-Score Calculatar About Contact
Patlent Info
Regression Info
L
Echocardiography 20 stran 2D LV Apical 4ch Longitudingl Strain (Autostrain) vs Age
|
Select regression .,
20 LV Apical 4ch Longitudinal Strain (aCMQ) vs Age
g Calculate m m 2D LV Apical 4ch Longitudinal Strain {Autostrain) vs Age
20 LV Apical 4ch Peak Early Diastolic Longitudinal Strain Rate (aCMQ) vs Age
20 LV Apical 4ch Peak Late Diastolic Longitudinal Strain Rate (aCMQ) vs Age
Z-Score (Undefined) 2D LV Apical 4ch Peak Systolic Longitudinal Strain Rate (aCMQ) vs Age
Value Percentile Sth %ile h ¢

2D LV Short-Axis Mid Circumferential Straln (aCMQ) vs Age

na na n/a na na

https://zscore.chboston.org/
cgnsdrieg'sg' Keck School of
Hospital Medicine of USC
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CENTRAL ILLUSTRATION Prognostic and Management Implications of Abnormal Strain Measurement in Common
Clinical Scenarios

Indication for LV function assessment

Suspected

Asymptomatic LVD CTRCD monitoring Known/suspected valve disease LV hypertrophy Suspected CAD

Heart failure

Measurement of GLS plus standard imaging

l l l

; e Asymptomatic Asymptomatic Asymptomatic
HERER HEeeE severe AS severe AR severe MR

Risk prediction and/or additive value to LVEF

Increased risk of | Superior to LVEF | Increased CV | Reductionearlyin | LV fibrosis Predicts Identification of | Refine Good

CV death and for mortality risk | risk treatment predicts development of | LVD where LVEF is | diagnosis. discriminatory
HF prediction. independent | predictive of LVEF | symptom-drive AVR indication | 'supra-normal.’ Identifies LV ability in
hospitalization. | Identifies of normal decline and AVR and Predicts fibrosis and absence of
Improved mechanical LVEF, LVH CTRCD mortality, post-op postoperative predicts adverse| RWMA or LVEF
functional dispersion and and DD symptomatic LVEF decline outcome in reduction

phenotyping. regional scar recovery HCM

Management implications

Trial Optimal LV Potential Cardiology consult as Potential selection for earlier Disease-specific management. Potential
patient pacing lead  reclassification of per guidelines. Evidence AVR/increased surveillance. Long Potential incorporation into expedited
selection placement SBHF. Therapeutic of therapeutic benefit term outcome evidence awaited. HCM arrhythmic risk guidelines ICA
K k S evidence awaited. awaited.
€C (

Children’s
Hospital . .
LOS 'ANGELES Medicii| Ppotter, E. et al. J Am Coll Cardiol Img. 2018;11(2):260-74.




* Strain imaging shows impaired cardiac

Re 03 | red mechanics in rTOF

* Reduction in strain prior to reduction in EF
Tetra |Ogy Of * Abnormal rotational mechanics
Fa | |Ot  Abnormal VV interaction

 Abnormal atrial mechanics

* Ventricular myocardial mechanics are
associated with EF and dyssynchrony

I

* Emerging data suggests a prognostic value of
strain imaging in rTOF /

> 4

Li et al. JASE 2020;33:788-801 T



Strain in rTOF: Clinical Utility

Adverse Cardiovascular Events

e Diller et al. Circulation 2012

e LV GLS (2DSTE) related to composite
endpoint of SCD/life-threatening

. 100
arrhythmia \\\—\_
| V45 =20

* LV EF not significant on univariate a5’
analysis

LV-LS

1
j V15 =15
1

* LV GLS a/w significantly greater risk

: oo |
of endpoint |

P=0,035

Freedom from SCD/LTA (95)

e LV GLS <15%, RA area >20cm2, RV
FAC <32%
(HR per unit, 2.74; 95%Cl, 1.75-
4.30; P<0.0001)

85 - WY4S=9

80
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Strain in rTOF: Clinical Utility

Exercise Performance

* Alghamdi et al. Eur Heart J Cardiovasc Imaging 2013

e RV LS (2DSTE) had strongest correlation with maximum 02
consumption (r = 0.66, P = 0.0001)

* Correlation with RV/LV EF, RV vol, RV SV, RV OT vol and EF were weak
or absent

Ehilsdrﬁg'f » Keck School of
o3k Medicine of USC

LOS 'ANGELES:



Single Ventricle Patients

* Appealing method for serial
function assessment
e abnormal SV geometry

* ability to assess RV and LV global and
regional function

 Characterization of SV mechanics
throughout SV palliation

* Minimal work on prognostic value

algiil;d rﬁgf » Keck School of
LOS E)ANGELES@ Medicine of USC Goudar et al. Cardiology in the Young 2022




Strain in HLHS: RV Function Adaptation
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Positive correlation: MDI with RV size and mass
Negative correlation: MDI with RV EF




Strain in Carc
2022 Systemi

LV strain is impaired in
children during
treatment and among
long-term survivors.

¢ RV strain changes are not well

characterized.

Cumulative
anthracycline dose and
chest RT are associated
with impaired
myocardial strain.

jotoxicity in Chi
c Review and Meta-Analysis

Limited data suggests
impaired LV contractile
mechanics during stress
in CCS.

dren

Predictive value of early
reduction in strain in
development of
cardiotoxicity is
unknown.

Li et al. JASE 2022;35:629-56.



e Qverall limited data on the use of STE.

Strain in Inherited  Early changes measurable by STE w/wo abnormal
Ca rdiomyopath ies systolic/diastolic function by non-STE methods.

in Children * Need for protocol standardization in measurements and

2021 Systemic reporting.

Review

e Reasonable to report longitudinal strain aside
conventional systolic function parameters.

» Stringent need for prospective, longitudinal studies in '
children to determine exact benefit of adding STE to SOC/

> 4

Dorobantu et al., Diagnostics 2021, 11, 635 _




A RV GLS >14%

1.0

Hypertension % E el [
specificity g
% 1 AUC: 0.848
95% Cl,
ha P=.021
RV GLS > 14% predicted eapaciiny
transplantation-free survival e — —Tea
Wlth 100% SenS|t|V|ty and 54.5% . RV global longitudinal strain > -14%
. 100/) 08 Log Rank x? 4.4
specificity sensitivity | P-03%
= RV global longitudinal strain < -14%
N=11 10 8 7 6 4 3
lc_:lgllsd rﬁg’ls» Keck SChOOl Of ’ Timezfrom firs: echocarc?iogram, y:ars
10S [ANGELES) Medicine of USC Okumura et al. JASE 2014;27:1344-51.




Summary

Strain can provide a more comprehensive assessment
of cardiac mechanics than other functional measures.

Strain parameters provide additional insight into
mechanism of dysfunction.

Strain has been shown to reliably monitor function
and is increasingly being used as a routine part of
functional assessment.

More work is needed to show prognostic value and
clinical utility to current SOC function assessment.




Future Directions

* Routine use in more types of
congenital and acquired heart disease

* Research about prognostic
implications of strain in children

* Incorporation into imaging guidelines
in children

* Reduce inter-vendor variability &
standardize normal values in children

Childr.?n’ls» Keck School of
Hospita Medicine of USC
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SRV

Table 3. Comparison of STI Parameters at Pre-Norwood and Pre-BCPA Examinations
Pre-Norwood Pre-BCPA
Variables Median {25th, 75th Quartile} Median {25th, 75th Quartile} p Value

Basal circumferential variables

Peak strain, % -10.8{—13.9, —8.5} -13.6{—15.2, —11.3} NS

Peak systolic strain, % —10.6{—13.4, —7.6} —10.8{—14.8, —8.2} NS

Time-to-peak strain, % 106 {95,117} 114 {108, 129} 0.006

Post-systolic strain index 0.01 {0.00, 0.08} 0.08 {0.03, 0.25} 0.005

Peak strain rate, %/s —-1.26{—1.44, —0.91} —0.92{-1.03, —0.78} 0.0003

Basal 6 segment MDI, % 21{16, 32} 16 {12, 23} 0.009
4CH longitudinal variables

Peak strain, % —18.3{—20.7, —16.2} —16.2{—18.3, —13.5} <0.05

Peak systolic strain, % —-18.1{—20.6, —15.9} —-145{—-16.5, —12.4} 0.009

Time-to-peak strain, % 101 {98, 104} 112{106, 119} 0.0002

Post-systolic strain index 0.01 {0.00, 0.02} 0.05 {0.01,0.12} <0.0001

Peak strain rate, %/s —1.63{—2.00, —1.27} —0.90{—1.13, —0.76} <0.0001

4CH 6-segment MDI, (%) 23 {15, 26} 16{11,18} <0.0001
4CH/basal strain ratio 1.56 {1.47,2.10} 1.15{1.10, 1.40} 0.001
MDI = mechanical dyssynchrony index; STI = speckle tracking imaging; 4CH = 4-chamber; 4CH/basal strain = ratio of longitudinal/circumferential strain; other
abbreviations as in Table 1.

Children’s
Hospltal
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S Rv Table 5 Circumferential strain variables showing comparisons between the patients with SRVs and those with SLVs of the whole
group (boldface) and at each surgical stage

VS ° Variable SRV SLV P
S LV Strain (%) —13.4 (-25.2 to —4.3) ~14.9 (-28.3 to —7.6) NS
Pre-BCPA -15.1 (-19.2to -9.2) —-14.2 (-28.3 to —7.6) NS
Pre-Fontan -13 (-19.5t0 -10.3) -14.4 (-20.1 to -7.9) NS
Post-Fontan —10.7 (—25.2 to —4.3) —16.0 (—24 to —9.6) NS
SR (%/sec) -1.0(-1.8to -0.7) -1.2(-2.0to —0.6) .01
Pre-BCPA —-1.0(-1.4t0 -0.9) -1.3(-2.0 to —0.6) NS
Pre-Fontan —-0.9(-1.41t0 -0.7) —-1.2(-1.4to -0.7) NS
Post-Fontan —-1.0(-1.8to —0.7) —-1.3(-1.6to -0.9) NS
PSSi (%) 8 (0 to 33) 0(0to 12) <.0001
Pre-BCPA 8 (2 to 33) 0 (0 to 11) .01
Pre-Fontan 8 (0 to 22) 3(0to9) NS
Post-Fontan 7.5 (0 to 25) 0(0to12) NS
MDI (%) 19.5 (2.4 to 38.5) 15.2 (7.0 to 38.0) NS
Pre-BCPA 15.0 (2.4 to 23.6) 13.8 (7.0 to 38.0) NS
Pre-Fontan 18.9 (15.2 to 38.5) 15.6 (10.5 to 37.0) NS
Post-Fontan 26 (3.0 to 37.7) 19.9 (7.7 to 27.4) NS
EDSR (%/sec) 1.4 (0.4 to 2.3) 1.9 (0.7 to 3.4) .03
Pre-BCPA 1.6(1.1t02.2) 1.7 (0.8 to 3.4) NS
Pre-Fontan 1.3 (0.9 t0 2.0) 1.8 (0.7 to 2.9) NS
Post-Fontan 1.3 (0.4 t0 2.3) 2.0 (0.7 t0 3.3) NS

MDI, Myocardial dyssynchrony index.
Data are expressed as median (range).

Children’s» Keck School of

Hospital ..
O ANGELES! Medicine of USC Kaneko et al. JASE 2012;25:1222-30




Adult Imaging in Cancer Therapy Consensus Statement

Plana JC et al. Expert consensus for multimodality imaging evaluation of adult
patients during and after cancer therapy: a report from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging.

J Am Soc Echocardiogr 2014;27:911-939.

Drop of 10 points
to LVEF <53%

v

Relative drop of GLS as
compared to baseline

VAR

< 8% > 15%

l l

Yes »| CTRCD

No evidence of Subclinical > Card IOIOgy
Lngbclmnca] LV dysfunction* g .
ysfunction Consultation

* The data supporting the initiation of cardioprotection for the
treatment of subclinical LV dysfunction is limited.
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RV FWS Predicts Adverse Events in Pediatric PH

RV FWS < 16%
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RV FWS £ 16% as significant associated with increased risk of clinical events.

Keck School of

Medicine of USC Jone et al., Eur Heart J. 2018;19:1026-1033
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