2D strain v echokardiografii
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Strain = (L-Lo)/Lo = AL/Ls
Strain rate (SR) = (v,-v,)/d
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Speckle tracking echocardiography (STE)




2D strain

Radialni strain (+)

Cirkumferencialni strain (-)

Longitudinalni strain (-)




Longitudinalni svalova vlakna

* Lokalizovana subendokardialné a subepikardialné

* Diky vétSimu poloméru zakriveni vystavena vétSimu napéti (,wall

stress”) nez cirkularni vlakna
e Subendokardialni vlakna jsou jako prvni vystavena ischemii

e Zejména pri tlakovém pretizeni (HT, AoS)

nebo ischemii dochazi k omezeni jejich kontrakce.



Porucha longitudinalni kontrakce ¢asto predchazi
poruchu radialni kontrakce.

EF jesté normalni
(radidlni kontrakce nékdy i kompenzacné zvysSena),
ale longitudinalni kontrakce jiz snizena

Koncentricky hypertroficka LK:
EF zGstava dlouho normalni i pri vyznamné systolické
dysfunkci myokardu




ni strain — GLS

Globalni longitudina
leveé komory

* Prumér longitudinalniho strainu ze vSech segmentu
* Robustni

* \/lysoce reproducibilni (v tomto lepsi nez EF)

* 2D GLS je technicky i klinicky validovan a klinicky pouzitelny
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Interpretace hodnot GLS

e U zdravych: obvykle (-) 18 — 25 %
* Do (-) 15-16 %: lehce snizeny
* (-) 14 % a méné: vyznamna systolicka dysfunkce LK

* U nehypertrofickych komor (DKMP)
pravidlo: 3 |GLS| = EF

* U komor s koncentrickou hypertrofii/remodelaci disociace GLS a EF



GLS v diagnostice dysfunkce LK

Citlivejsi nez EF pro detekci incipientni systolické dysfunkce LK

e Cytotoxicka chemoterapie: pred zahajenim i v jejim pribéhu predikuje pozdéjsi
pokles EF — doporuceny parametr pro kontrolu kardialniho poskozeni

e DKMP
- GLS je nékdy snizen jiz v Casném stadiu onemocnéni

* Srdecni selhani se zachovanou EF

Detekuje systolickou dysfunkci u LK s koncentrickou hypertrofii/remodelaci

e HKMP (amyloiddza: zvlasté vysoky pomér EF/GLS (EFSR)
e Aortalni stenodza
* HT




Latentni systolicka dysfunkce LK u genetickée DKMP

P<0.001

1
i ey mm ke

A2 1
o Mutation Mutation Mutation
negative positive positive

R 157

3

O

3 P=0.036 GLS GLS
181 -20.9 % 14.6 %

21
E LVEF LVEF
59% 56%
GNFN GPFN GPFP

-21,741,5% -19,7+3,5 % /

Eur Heart J CV Imaging 2019;20(6):694-699




Subklinicka dysfunkce LK u kardiotoxické chemoterapie

Drop of 10 points
to LVEF <53%

Yes

v

Relative drop of GLS as
compared to baseline

/N

<8%

>15%

l

l

No evidence of
subclinical
LV dysfunction

Subclinical
LV dysfunction*

* The data supporting the initiation of cardioprotection for the

>

CTRCD

treatment of subclinical LV dysfunction is limited.

CTRCD:
chemotherapy related cardiac dysfunction

Eur Heart J CV Imaging 2014;15:1063-1093
(Position Paper of EACVI)



GLS — silny predi

* Srdecni selhani se zac

ctor prognozy

hovanou EF i s nizkou EF:

- predikuje progndézu (mortalita, hospitalizace pro SS) |épe nez EF

Study
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Baumgartner H, Hung J, Bermejo J, et al. Recommendations on the echo-
cardiographic assessment of aortic valve stenosis: a focused update from the
European Association of Cardiovascular Imaging and the American Society of
Echocardiography. J Am Soc Echocardiogr 2017; 30:372-392.

Novel parameters of LV function

Global longitudinal strain (GLS) measurements in severe AS may de-
tect impairment of LV systolic function when EF is still normal and
may predict prognosis although further studies are needed to con-
firm its prognostic value.®>=® In addition, myocardial fibrosis is associ-
ated with unfavourable outcomes in AS patients and may be
reflected in reduced GLS.°””* However, limitations to the clinical
utility of GLS include inter-vendar differences in_strain measure-
ments,”” afterload dependence, and outcome data largely limited to

studies of symptomatic patients. Thus, the role of GLS in asymptom-
atic AS for the detection of early myocardial dysfunction and as a par-
ameter that may improve timing of intervention remains insufficiently
defined. Nevertheless, its use as an additional piece of information
within an integrated approach to assess AS can be helpful in selected
patients.



Segmentalni/regionalni strain

* Méné dat pro zprumérovani

* Vice ovlivnitelny artefakty

* Vice citlivy na definovani zajmové oblasti (ROI)

* Vice relevantnimi se stavaji algoritmy pro tracking a regularizaci

* Oproti GLS podstatné hure reproducibilni a to se liSi mezi vyrobci

softwaru



Distribuce strainu: sarkomericka HKMP
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Distribuce strainu: Amyloidoza

,Apical sparing”




Fabryho choroba

Peak Systolic Strain

ANT.SEPT

E-Journal of Cardiology Practice 2016;14(9) 26 Apr



Takotsubo KMP

www.specklepedia.com



Tvar segmentalnich krivek:
ischemie

Peak Systolic Strain (Mid)
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Post Systolic Index




Normalni nalez

Peak Systolic Strain (Mid)

ANT SEPT




Mechanicka disperze: A(RV)C

Asymptomatic

: . ARVC patient
mutation carrier

Healthy individual
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Eur Heart J CV Imaging 2017;18:237-253




Mechanicka disperze: A(RV)C

Parameter Abnormal if:
PLAX RVOT (mm)? >29
PLAX RVOT index (mm/m?)? >16
PSAX RVOT (mm)? >32
PSAX RVOT index (mm?)* >18
RV basal diameter (mm) >41
RV fractional area change (%)* <40
TAPSE (mm) <17
3D RV-EF (%) <40
*Minor criteria from the TFC 2010.

®Three-segment model and six-segment model.

Eur Heart J CV Imaging 2017;18:237-253



Mechanicka disperze LK u LQTS v predikci
arytmickych prihod

0.9 4

0.8 -

0.7 4

086 4

05 4

04 4

Sensitivity

0.3 4

02 4

——Mechanical dispersion longitudinal
01 4 —QTC

0 T T T T T T T 1

0 01 02 03 04 05 06 07 08 08 1
1 - Specificity

Figure 4. ROC curves of cardiac events in 101 LQTS mutation
carriers. Mechanical dispersion demonstrates better discrimina-
tion of patients who experience cardiac events compared with
QTc. AUC for mechanical dispersion is 0.87 (95% CI, 0.79 to
0.94) versus 0.71 for QTc (95% CI, 0.61 to 0.81; P<0.01).

Haugaa KH et al. Circ 2010;122:1355-1363



Longitudinalni 2D strain PK a prognoza

Table 1. Conditions and right ventricular longitudinal strain values demonstrating poor prognosis

Heart failure (HFrEF) Death, transplant or hospitalization over 5 years -14.8% 9

Myocardial infarction Major adverse cardiovascular events (MACE) -15.5% 14
and 5-year survival

Aortic stenosis (low-flow low-gradient) Increased risk of mortality -13% 18

Pulmonary hypertension Predicted of mortality -13.7% 31

Curr Opinion in Cardiol 2018;33:486-492

Implantace LVAD: RVFWS nezdavislym prediktorem selhani PK (na rozdil od TAPSE)
Grant AD et al., JACC 2012,60:521-8



Longitudinalni 2D strain levé siné
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FIGURE 1. Strain nomenclature based on choice of zero
reference point. The electrocardiographic P-wave is used on
the left and the QRS complex on the right. & =strain.
Reproduced with permission from Hoit BD. Left atrial size
and function: role in prognosis. JACC 2014;63(6):
493-505.



/aver

e 2D strain predstavuje dalsi zpusob hodnoceni srdec¢ni funkce.
* GLS levé komory je dobre validovany a zraly k rutinnimu pouziti.

* Segmentalni strain méne validovan, méné reproducibilni
- charakteristické obrazy (,,patterns®)

* Longitudinalni strain PK, LS —obtizneéjsi, zatim méneé dat
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Obsah prednasky

* Strain — definice

e 2D strain —“Speckle tracking echocardiography” (STE)
* Longitudinalni strain —segmentalni a globalni (GLS)

* Technické aspekty

* Klinické aplikace



GLS leve komory u chlopennich vad

Aortdlni stendza Vyznamny prognosticky prediktor u AoS s vysokym i nizkym gradientem,
s normalni i nizkou EF (mortalita)
i u asymptomatické AoS (AVR, mortalita)

Aortalni regurgitace GLS (ev. normalizovany na EDV) detekuje pocinajici systolickou dysfunkci LK
dfive nez EF a v 1 studii byl nezavislym prediktorem AVR a umrti

Mitralni regurgitace GLS (ev. normalizovany na EDD) predikuje pooperacni dysfunkci LK (EF<50%),
a to i u nemocnych s predoperacni EF > 60 %,
a celkovou mortalitu



Familiarni DKMP —asymptomaticka nositelka genu

Peak Systolic Strain {Mid)
ANT SEPT

EF Simpson BP 50 %
GLS -15,6 %







Pacient s HLK, dekomp. HT, tachyFiS

6.5 cm
delka 6.5 cm
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var segmentalnich krivek: LBBB

A

{A) A characteristic left bundle branch block (L28HE] opposng wall motian s presont, ndicating typecal LE8E actwation, including early terminated shortensng n the RIS um et a/' jA CC 201 5/'66_' 631 -41

septal wall (blue arrows) with early (pre-stretch) in the Lateral wall (yellow arrow) and late Lateral peak contraction (red arrow). (B) Atypical LEBE pattern.
Segments show synchronous peak shortening timed a1 sortic valve closure (blue arrow)



Distribuce strainu u hypertrofické LK

Overall normal deformation and Overall reduced deformation and markedly
markedly reduced systolic + postsystolic reduced systolic + postsystolic deformation
deformation in the basal septal segment in the basal (infero-) lateral segment.
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Heart 2010,;96:716-22
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Rotace (°)
Twist (°) - rozdil mezi hrotem a bazi

LV TORsION Torsion (°/cm) - twist/délka




VeV

Strizny (,,shear®) strain
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Supplemental Table 6 Normal LV strain values from meta-analysis and individual recent publications using specific vendors’
equipment and software

vendor Software n Reference

Meta-analysis

GE EchoPAC BT 12 247 31
EchoPAC BT 12 207 i
EchoPAC BT 12 131 !
EchoPAC 110.1.3 333 32

Philips QLAB 7.1 330 32

Toshiba Ultra Extend 337 32

Siemens wi 116 197
wi 82 198

Esaote Mylab 50 30 199

LLN, Lower limit of normal range.
“T. Kouznetsova and J. Staessen, Department of Cardiology, Catholic University Leuven, personal communication,
'P. Barbier, University Milano, personal communication.

Lang RM et al. Eur Heart J CV Imaging 2015,;16:233-271



IcC GLS
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ICHS —time to peak strain

Time to Peak Longitudinal Strain AVC+200.0
< EPT
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Longitudinalni 2D strain levé siné

* Abnormalni hodnoty jsou spojeny s diastolickou dysfunkci LK a zvysenym LVEDP
* Muze detekovat zvySeny LVEDP Iépe neZ E/Em a |épe koreluje s CWP
* Koreluje s toleranci zatéze a s VO,max

e Je prediktorem prognozy u srdecniho selhani

* T.C. neni akceptovan jako parametr pouzitelny pro klinickou praxi.

* Hlavni limitaci je jeho obtizné stanoveni pfi tenké sténé levé siné.




