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Srdecni selhani — soucasny pohled

HF je klinicky syndrom charakterizovany:

* symptomy

* znamkami méstnani

e strukturalni nebo funkéni abnormalitou srdce

* zvySenymi plnicimi tlaky nebo snizenym srdecnim vydejem

* echokardiografie je spolu s natriuretickymi peptidy zakladnim
diagnostickym nastrojem.




Echokardiografické vysetreni

-\
\

Adult Card

+ Vel 319 cm/s
PG 41 mmHg

| .
100mni/s '

Muz 65 let, dusnost NYHA IIl, NT pro BNP 6000 ng/I



Diagnostika srdecniho selhani — doporucené postupy pro
pacienty s podezrenim na srdecni selhani

) Recommendations Class® Levelﬁ
History  Examination ECG  Laboratory test
= = In patients with suspected HF, the following laboratory tests are I C
‘ Echocardiography recommended when screening for comorbidities: full blood
count, kidney function (eGFR and UACR), electrolytes, liver
function, thyroid function, HbAlc, lipids, and iron status (TSAT
B AV and ferritin).ﬂ

Individual assessment ) . . ) . .
Natriuretic peptide measurement is recommended in patients I (©

with suspected HF (interpreted in relation to patient age, obesity,
and other factors known to affect natriuretic peptide levelg}. -

Additional tests based on previous findings and individual assessment 148,151-153,169
CTCA/ICA 18F-FDG-PET Genetics EMB
‘ & @ A 12-lead ECG is recommended in patients with suspected HF. | C
Chest radiography (X-ray) is recommended in patients with I C

DPD/PYP/HMDP
scintigraphy RHC suspected HF.

CMR
'g . 0. Transthoracic echocardiogram is recommended in patients with | C

suspected HF to confirm the diagnosis, differentiate between HF
phenotypes and aid in identifying the underlying aetiology of HF.

@Esc

Kober L et. al ; European Heart Journal, ehag100 2026



Novy koncept a echokardiografie v diagnostickém algoritmu

New concepts
| HFrEF has been expanded to include LVEF up to 50% |
HFmrEF has been removed
| HFpEF includes LVEF from 50% and above I
Decompensated HF replaces acute HF
Stages of HF (A—-D) ranging from risk factors to advanced HF have been adopted
New classifications for medical and interventional therapy have been introduced

4 I e I 4 I
Pacient transthorakalni urceni fenotypu HF
Symptomy HF — echokardiografie mel> | oHFrEF
EKG a NT pro BNP IC eHFpEF

(N ) \ ) - 4

Prevzato a upraveno Kober L et. al ; European Heart Journal, ehag100 2026




HFpEF x HFrEF

10 .
e
RA Pathology LA Risk factors RA Pathology LA Risk factors
Increased filling pres- « Atrial Fibrillation « Decreased reservoir, * Dynamic MR 0
lures « Afrial functional MR conduit and booster- Atrial myopathy = {
Increased strain | pump function g :
RA Ditation LA Pathology ; « Decreased RA strain LA Pathology - "y \
« Fibrosis and stiffness |+ Functional tricuspid = Enlargment E !
« Pro-inflammatory celiular, regurgitation + Eccentric hypertrophy ‘3 ne
- phenotype and activity + Loss of compliance HF G'oup
RV Pathology \ ®
Increased stiffness RV Pathology s \ -
RV dilatation / d Agi:gv et + RV dilatation / \ N . Ag";v T s 8 o s EF <50% — HFrEF
 Hypertension Lo A o S - Ischaemic heart disease g s EF >50% ~ HFpEF
« Obesity » Dilated cardiomyopathy
- Diabetes and |+ Increased RV strain + Previous M E
& metabolic syndrome I$§‘ + Smoking 8
v byl « Coronary microvascular v & 024 -
a disease é LV Pathology
g EDPVR LV Pathology g * Myocyte elongation Log rank test, P = 0.807
g 2y « Myocyte thickening, a EDPYR « LV dilatation
> k,’ fibrosis > ¢ » Loss of compliance -
= £ « Concentric hypertrophy = .’ « Eccentric hypertrophy oo
« Diastolic dysfunction i
LV Pressure LV Volume p 2 208 2480 .08 o . s,

Duration of Heart Failure (months)

Prevzato a upraveno Burrage MK et. Al, Cardiovascular Drugs Ther. 2022



Proc praveé echokardiografie?

Echo umoznuje soucasné
hodnotit:

e anatomii

systolickou funkci

diastolickou funkci

chlopenni vady

pravou komoru

plicni hypertenzi

perikard

hemodynamiku




Systolicka funkce levé komory




Hlavni parametry systolické funkce levé komory- EF

* Definice:

Ejekcni frakce je procento objemu krve vypuzené s systole v porovnani s objemem na konci diastoly
EF= (EDV-ESV) / EDV x100

Vyhody:

Jednoduch3, Siroce pouzivana metoda.

Poskytuje rychly prehled o systolické funkci.
* Omezeni:

Nezohlednuje tvar komory a zmény v geometrii.

Normal ranges and severity partition cutoff values for 2DE-derived LV EF and LA volume

Male Female

Normal Mildly Moderately Severely Normal Mildly Moderately Severely

range abnormal abnormal abnormal range abnormal abnormal abnormal
LV EF (%) 52-72 41-51 30-40 <30 54-74 41-53 30-40 <30
Maximgm LA volume/BSA 16-34 35-41 42-48 >48 16-34 35-41 42-48 >48
(mL/m")




Hodnoceni systolické funkce levé komory 2D

Simpsonova metoda
EF = (LVEDV-LVESV)/LVEDV x
100

A b Apical four-chamber view (A4
E End-systolic

-—

&

Apical two-chamber view (A2C) Apical two-chamber view (A2C)

End-diastolic . End-systolic .
g A 3 .~.':, ',-;5

.

-

1 LVEDV(Geom) 216 ml
LVESV(Geom) 107 ml
EF(Geom) 51%
. SV(Geom) 109 ml

CO(Geom)  8.24|/min
HR 76 BPM




Pokrocilé hodnoceni systolické funkce levé komory




Strain a strain rate imaging

e Definice:

Meéreni deformace myokardu béehem
kontrakce

(radialni, cirkumferencialni, longitudinalni
strain).

* Vyhody:
Vysoka citlivost na zmény funkce LK

dfive, nez se projevi snizeni EF. Hodnoceni
lokalni funkce.

 Klinicka aplikace:

Diagnodza subklinického srdecniho
selhdni, monitorovani pacientt s
chemoterapii, ICHS, chlopennimi vadami
atd

Endocardium Mid-wall Epicardium

Longitudinal Radial Circumferential
shortening shortening shortening

w= | ongitudinal shortening

Radial shortening
Circumferential shortening



Strain levé komory

Reference from

Vendor Software n sSD list below
Varying Meta-analysis 2597 1
GE EchoPAC BT 12 247 2.0% 2
EchoPAC BT 12 207 1.6% 3
p_———— EchoPAC BT 12 131 2.4% 4
“--._,___‘_q___:__'____,,,..--‘ EchoPAC 110.1.3 333 2.1% 5
Philips QLAB 7.1 330 2.5% 5
Toshiba Ultra Extend 337 2.4% 5
Siemens VVI 1.0 116 4.6% 6
\C WI1.0 82 2.3% T
Esaote Mylab 50 30 3.1% 8

4
v Vs > 7 7 7’ Vé
Q e—% < -16 % snizeny Seda zéna -16-18% >-18 % normalni

N

0
\

o

S (3) V praxi longitudinalni strain, zkracovani v podélné ose
strain [ . ’ . , , o
(deformace) 7, Metoda speckle tracking- software analyza rutinnich 2 D obrazku




Strain levé komory normalni nalez

Peak Systolic Strain (Mid)




Strain LK - fenotypizace

Normalni nélez Apikalni HKMP Fabryho nemoc Amyloiddza

* Snizeny strain (< 16%) u 50-60% pacient( s HFpEF
* GLS by mél byt zahrnut rutinné do vysetreni pfi suspekci na HFpEF
» Poskytuje prognostické informace a diagnostické indicie k urceni etiologie

Prevzato a upraveno Smiseth OA et al; EHJ Cardiovasculat Imaging 2023



MRI v diferencialni diagnostice hypertrofie LK

Hypertrophic
Cardiomyopathy

Anderson-Fabry Severe Aortic Hypertensive
Disease Stenosis Heart Disease

Prevzato a upraveno Burrage M, Cur Heart Fail Rep; 2020




Myokardialni prace

* hodnoti kolik prace musi srdec¢ni sval vykonat pfi kontrakeci.

» oproti EF nehodnoti jen vysledek kontrakce, ale zohlednuje také tlak, proti kterému leva komora
pracuje.

* Kombinace deformace myokardu (strain) s odhadem tlaku v levé komore.

Normal Cardiomyopathy C Myocardial work parameter “

Segmental work

Global myocardial work index (mmHg x %) 1896 (1292-2505) ®
Global constructive work (mmHg x %) 2232 (1582-2881) *
Global work efficiency (%) 96 (94-97) ®

@ Mean and 95% confidence limits; P Median and limit of normality

D Hypothetical illustration

3500 -
Global work: 1786 mmHg-% mmHg-% Global work: 1277 mmHg-% Myocardial work index (GWl) as

marker of performance and workload

3 Myocardial work efficiency (%) = oS o i Normal )
Wasted work + Constructive work L 2024 mmHg%
Septum LV lateral wall GWI low GWI high ;,'oo
150
W D % \ 591 mmHg% 3028 mmHg%
oressure 100
(mmHg) ‘
50 1000
- mmHg%
0 }
40 5 0 4510 5 0 5
Strain (%) Strain (%)

Pump failure Stimulates
adverse remodelling

(] Constructive work : Wasted work

Prevzato a upraveno Smiseth OA et al; EHJ Cardiovasculat Imaging 2023




Hodnoceni diastolické dysfunkce levé komory

Hallmarks of LV diastolic dysfunction Compensatory increase in LV preload

Ca +Ca
M Troponin
Impaired relaxation w —> LV filling pressure 4

Actin

Y& 5mmsv

Bron®
Loss of restoring forces b _ LV filling pressure 4

e

L L

- it y Adult Card TISO.4 MIO.1
Increased diastolic stiffness Py (e —_) LV filling pressure T \ | : g * 0 Moty
B~ Vs
©dp ’

Relaxation Diastolic stiffness Filling pressure [ ' l“‘“i" ¢ e
Time constant (tau) of LV pressure fall Slope of pressure-volume curve End-diastolic or pre-A [[Pmptingj-empling |

Pressure IVR LV Pressure = LY Pressure
v o Diastolic curve
— ) .
i End-diastole End-diastolic
1 pressure ~
A Pre-A K
Ln Pressure o pressure \.

tau = -1/slop Negative LV pressure

- reflects restoring forces

——— R m—

Time LV Volume Time

Prevzato a upraveno Smiseth OA et al; EHJ Cardiovasculat Imaging 2023



Hodnoceni diastolické dysfunkce levé komory

Recommendations for the Evaluation of Left In patients with normal LV EF
Ventricular Diastolic Function by Echocardiography |

An Update f
Echocardiograpl
of Cz

Sherif F. Naguch, Chair, MD, FASE,
Benamin F. Byrd, 111, MD, FAS
Frank A. Flachskampf, MD, PhD, FES
Patrizio Lanccllotti, MD,

Bogdan Alexandru Popescu, MD, Phl
Odo, Nerway; Phoenix, Arizona; Nasih
Litie, Belgium; Cleveland, Obia; Navay

GUIDELINES AND STANDARDS \

Recommendations for the Evaluation of Left  ® cneoxorupates >50%

Ventricular Diastolic Function by i
Echocardiography and for Heart Failure With

Preserved Ejection Fraction Diagnosis: An Diastolic

Dysfunction
Update From the American Society of i

Echocardiography

Sherif F. Naguch, MD, FASE (Chair), Danita Y. Sanborn, MD, FASE (Co-Chair), Jac K. Oh, MD, FASE,
Bonita Anderson, MApplSc, DMU, ACS, FASE, FASA, Kristen Billick, BS, ACS, RCS, RDCS, FASE,
Genevieve Derumeaux, MD, PhD, Allan Klein, MD, FASE, Konstantinos Koulogiannis, MD, FASE,

Carol Mitchell, PhD, ACS, RDMS, RDCS, RVT, RT(R), FASE, Amil Shah, MD, Kavita Sharma, MD,
Otto A. Smiseth, MD, PhD, Honorary FASE, and Teresa S. M. Tsang, MD, FASE, Houston and Dallas, Texas;
Boston, Massachusetts; Rochester, Minnesota; Brisbane, Australia; San Diego, California; Creteil, France; Cleveland,
Ohio; Morristown, New Jersey; Madison, Wisconsin; Baltimore, Maryland; Oslo, Norway; and Vancouver, British
Columbin, Canadna



Algoritmus hodnoceni diastolické dysfunkce LKS —ASE 2025

STEP1

Assess e’ as marker of impaired
LV relaxation

eg’ septal <6 cm/s or
slateral < 7 or
*Average £ 6.5*

Y& 5mmsv

STEP 2

Assess markers of LA/LV
remodeling and elevated LAP

ﬁ

{ ——

~
eAverage E/e’ > 14

*LARS £ 18%
*E/ASD.8% or 22
olLAVI> 34 mi/m? ¥
"

\

o reservoir {

empting

ﬁ

(A) 71 ""\ |
FAGUS| Nl ]
= /4 Al

passive { active | |

empting |

20-39y 40-65 y =65y
1. Septal &, cm/s <7 <6 <6
2. Lateral &', cm/s <10 <B <7
3. Average €', cm/s <9 <7 <6.5

Diastolic dysfunction

present if:

e¢’ reduced & 1 or more
markers in Step 2 present or

e’ preserved, but 2 or more
markers in Step 2 present




Algoritmus hodnoceni diastolické dysfunkce LKS —ASE 2025

LV Diastolic Function Grading & LAP Estimation m;;,.ms'
Atrial Fibrillation
1. Reduced e’ velocity: septal <6 or lateral £ 7 or average < 6.5 cm/s * :\ﬁ:lardiac o
2. Increased E/e’: septal 2 15 or lateral 2 13 or average 2 14 :::cardial
3. Increased TR velocity =2 2.8 m/s or PASP 2 35 mm Hg constriction
| | | : |
All normal Reduced e’ only Increased TR/PASP only or 3 of the above

Increased E/e’ only or
’—‘ \—‘ Any 2 abnormal variables
|
Pulmonary Vein $/D <0.67 or

LARS = 18% or LAVi > 34 mL/m?

None 21 present
Normal LAP Alternatively — Increased LAP

IVRT €70 ms

If none available or reliable use
Supplemental methodsT

Echo

Prevzato a upraveno Nagueh S et al.; JASE 2025




Diastolicky zatezovy test

Non-invasive diastolic stress test

Baseline Exercise

Mitral flow velocity

TRvel 2.5m/s
=z

ILYCEX SIS
»

[ VR N S . "

0!. { " $7.’} v P '.

A diastolic stress test is positive when all three criteria are met:

1. Septal e’ <7 cm/s at baseline
2. Septal E/e’ > 15 with exercise (or average E/e > 14)

3. TR velocity > 2.8 m/s with exercise

U suspekce na HFpEF pfi normalnim klidovém plnicim tlaku levé komory, tj. u pacientl s
diastolickou dysfunkci I. stupné a a zpozdénou relaxaci (septdlni e ' < 7 nebo lateralnie ' < 10 cm/s)

Prevzato a upraveno Smiseth OA et al; EHJ Cardiovasculat Imaging 2023



Leva sin- strain

A Left atrial enlargement in HFpEF B Left atrial volume as marker of filling pressure Strain, R-wave
- = @ r=0.23
Moderate Left Atrial Size E_ p<0.0001
orsevere M S & 1504
enlargement > =
£ E
| 2 5 ico
o Normal E 3o
x T
66% g £ g Biplane
< ( ) o+ - oot TS _ = - - ~
l S | o . = 10,04 P |
Mild 04, , - ' ' i - 3
enlargement 0 10 2 40 . Pras
7 LV filling pressure (mmHg)
C £ 4 1] g\ Strain, R-wave
Left atrial strain as marker of filling pressure 30.0-
60+ 12 mmHg
= .: i LV filling pressure in patients LVEF < 50% LVEF 2 50%
= : o Within blue area are correctly 10 5 10
c g Ok classified by LA strain. —r"" / r7
< ) ; '
g ‘0‘ (X .: ) os 04 T/
@ 0,0 0 3, " r=0.52 —
&= . . ‘. ® 2 z —
g | p<0.001 £ J Fw Y. /
204 2., §. 7
% k.‘;.o. ** !" h_’.!—!‘—_: _____ 18% @ J o ‘,l_ //
j ., '."' “-é:".. R . . 02 ( — LVFP> 12 mmHg AUC 080 03 [’ — LVFP > 12 mméig: AUC 0.67
2 ". .' . g LVFP > 15 mmig: AUC 081 ’F — LVFP > 15 mmHg: AUCO.71
( 10 40 . e S E PR VT T R
LV filling pressure (mmHg) 1-Specificity 1- Specificity

Prevzato a upraveno Smiseth OA et al; EHJ Cardiovasculat Imaging 2023



Zhodnoceni funkce pravé komory

Funkce PK ma zasadni klinicky vyznam napfic¢ témeér vsemi
kardiovaskularnimi onemocnénimi.

Jeji selhani vyznamné zhorsSuje progndzu —

Kvantifikace funkce by tedy méla byt standardni soucast
echokardiografického vysetreni, podobné jako hodnoceni levé
komory.

RV ale neni jen ,mensi sestra“ levé komory. Jeji

anatomie, funkce i zpusob adaptace se od LV zasadné lisi.

Tyto rozdily znemoznuji jednoduchy prenos nasich znalosti z LV
na RV.

Nonaka et al., Front. Cardiovasc. Med., 2024
Muraru D et al., Eur Heart J Cardiovascular imaging. 2022



Zhodnoceni funkce pravé komory

Adult Card TIS0.6 MI1.2

M3

- RV EDA 38.3 cm?
:RVESA 304 cm?

+15.0

+ Vel 11.3cmis
PG  0mmHg

SVS.0mm
3.2MHz
12.2cm

Sm < 9,5cm/s GLS > -17%, Free wall strain >-19%



Echokardiografické a invazivni zhodnoceni funkce PK a PH

standardni echo

RV dilatation?

RV basal diameter index
>24 mm/m?

RV mid-diameter index:
>21 mm/m?

Tricuspid annulus index
>21 mm/m?

RV end-diastolic
volume index:
>95 mL/m?

RV end-systolic
volume index:
>37 mL/m?

— S—
RV dysfunction:
TAPSE <17 mm onary pressures
RVIDIs' <10cm/s |, oiitary pH:
RVFWS <23% P >20mm|-;g > .
RVGLS  <21% A DR T RV End- 8
3DRVEF <50% » RV End- diastole ¥
FAC <35% : GIER GIE =
st-capillary PH:
P >20 mmHg
PAWP  >15 mmHg

<2WU
Severe RV dysfunction:
Severe PH:
TAPSE <10 mm >5WU i . _GRedAeR

RVTDIs" <6cm/s P >35mmHg . TAPSE-23em
RVFWS <11%

RVGLS <9%
3D RVEF <35%
FAC <22%

Prevzato a upraveno dle Eur Heart J, ehaf194
R.Hahn et al., Europ Heart J 2023
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HFrEF

Dysfunkce u MR

Dysfunkce u AS

DKMP

Adult Echo
X5-1
S50Hz
12cm

TISO4 MI13

ICHS
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Zjednodusena echokardiograficka kritéria pro podporu diagnoz HFpEF

Criteria Echocardiographic threshold
LV mass index
>95 g/m? (female)

LV hypertrophy >115 g/m? (male)
OR

Relative wall thickness >0.42
>34 mL/m? (sinus rhythm)

LA dilatation (volume indexed by BSA) >40 mL/m? (AF)

Increased likelihood of elevated LV filling pressure E/é >9 at rest
>35 mmHg
Raised estimated systolic PA pressure OR

TR velocity at rest >2.8 m/s

Prevzato a upraveno Kober L et. al ; European Heart Journal, ehag100 2026




HFrEF

Mitralni regurgitace

Amyloiddza




Follow —up HF a echokardiografie

Targets of decongestion

)

|

{ !
Clinical ) ‘
D

| |

Congestion score® NPs
Optimal =0 ANPs >30%
Acceptable =1-2 or

NT-proBNP
<1500 pg/mL
. or
Welght loss BNP <250 pg/mL
NYHA Class
NYHA <l

Laboratory j

!
7 Imaging )

|

{ ! ) !
o \ 1\ fllina =
P E/e’ optimal Optimal
" | E/e'<10 Size <21mm
‘ (or AE/e’">5) and
- collapsibility
e index >50%
o Acceptable  Acceptable
G Ele'<15 Size <21 mm
or
E/A ratio <2 fggzgs;";'(')';z'
EDT >130 ms
TRV <2.8 m/s

ites
)

2s
es
)

@ESC—

Stage A
At risk for
heart failure

?
M « Re-assessment of risk
« Clinical exam
- ECG
B « Echocardiogram?
(2) )

Interval 3-5 years©

General practitioner/
Cardiologist

Stage B
Pre-heart
failure

» Clinical exam
- ECG
« Echocardiogram?

Interval 1 year©

Cardiologist/
General practitioner

Stage C
Symptomatic
heart failure

» Clinical exam

- ECG

+ Echocardiogram?
+ Laboratory tests
« CIED analysis?

« If deteriorating:

CPET, RHC,
referral to advanced
HF centreP

Interval 6-12 months®

HF-MDT/
General practitioner

+ Clinical exam

- ECG

« Echocardiogram?

« Laboratory tests

« CIED analysis?

« Referral to advanced

Stage D
Advanced
heart failure

HF centre, advance
care planning

Interval 3—6 months®©

HF-MDT/
Advanced HF centre /
General practitioner/

Palliative care

Prevzato a upraveno Kober L et. al ; European Heart Journal, ehag100 2026
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Akutni srdecni selhani

Bedside ECHO

e Jaka je EF?
* Tamponada?
e Akutni MR?
* Infarkt?

* RV selhani?

* Plicni embolie?

Rychlé rozhodnuti




Take-home messages

* Echokardiografie je zakladni zobrazovaci metoda u vSech pacientu se
srdecnim selhanim.

* EF sama nestaci.

* GLS a parametry diastolické funkce vyznamneé zpresnuiji diagnostiku i
prognozu.

* Hodnoceni pravé komory je nezbytnou soucasti vysetreni.

* Echo zasadné ovliviuje terapeuticka rozhodnuti véetné
farmakoterapie, CRT, ICD, TEER, TAVI i transplantace.




Take home messages Il

Nové trendy

3D echokardiografie
automatické méreni EF

Al analyza

strain vsech srdecnich oddilu

kontrastni echo

integrace s MRI




Dékuji za pozornost

L,



