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Aktivace komor Formy CRT

iV-CRT = site A and E/
HBP-CRT = site
LBBP-CRT = site C
LVSP-CRT = side D
HOT-CRT = site B and E
LOT-CRT = site C/D and E

LBBB
Madhavan, JACC 2017;69:211-35 J. Cardiovasc. Dev. Dis. 2024,
11, 76
4 CRT Super-
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Implantation Responder
l Responder
“Non
progressor”

Negative Non-responder
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-

Time
Steffel, Circulation 2014,;130:87-90




Jak dosahnout maximalniho efektu CRT?

Pred implantaci — Selekce kandidati CRT
Symptomatické srdec¢ni selhani
LVEF < 35%
LBBB x nonLBBB
Site QRS (= 150ms)
Vysokeé % komorové stimulace trvalého PM

Implantace

Spravné umisténi LV elektrody- misto pozdni aktivace
Spravné umisténi RV elektrody

Po implantaci — Dosazeni maximalni resynchronizace
a % BiV stimulace

Optimalizace morfologie stimulovaného QRS komplexu
Zajisténi ,true“ BiV stimulace ve >95% Casu

Lécba frekventnich KES

Dobra ,rate control” fibrilace sini (v€etné pfipadné RFA AVN)
ECHO optimalizace AV a VV zpozdéni




Selekce kandidatu BiV

@ ESC European Heart Journal (2021) 00, 1-94

European Society dei:10.1093/eurheartjehab364
of Cardiology

ESC GUIDELINES

2021 ESC Guidelines on cardiac pacing and
cardiac resynchronization therapy
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Clinical impacts of sacubitril/valsartan on patients eligible for CRT
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54 At 1 year
8 -9.6% vs. -14.4%

Percentage change in LVESVi (%)

—&— Eligible for CRT (Group 1)
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Follow-up period (day)
No. of patients
Group 1 309 287 263 230 210 178 128
Group2 859 819 790 719 663 565 423

(A) ESC Heart Failure 2022, Volume: 9, Issue: 6, 3825-3835 (B)



Hazard ratio for CRT
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Selekce kandidatu BiV
Dyssynchronie

Sife QRS komplexu
— celkové trvani aktivace komor

Morfologie QRS komplexu
— aktivacni sekvence komor

QRS=130ms = 2x 1t mortalita

For every 10 ms increase in QRS

duration, mortality rate increases 10%
Kalahasti V, AJC 2003 Oct 1;92(7):798-803

Mortality endpoint

—— Smoothed estimate
- == 95% bootstrap confidence bounds

T T T T T T T T T T T T 1 T T

T
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 25
QRS duration

l Cleland JG, European Heart Journal (2013) 34, 3547-3556

Recommendations

LBBB QRS morphology

CRT is recommended for symptomatic patients
with HF in SR with LVEF <35%, QRS duration
>150 ms, and LBBEB QRS morphology despite
OMT, in order to improve symptoms and reduce
morbidity and mortality 373940254~ 266263264
CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130—149 ms, and LBEBB QRS morphol-
ogy despite OMT, in order to improve symp-
toms and reduce morbidity and

mortality, 37-3%:40254-266.283.284

Non-LBBB QRS morphology

CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS

duration >150 ms, and non-LBBB QRS morphol-

ogy despite OMT, in order to improve symp-

. 1 37,39,40,254 - 266,283,284
toms and reduce morbidity. -

CRT may be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130— 149 ms, and non-LBBB QRS mor-
phology despite OMT, in order to improve
symptoms and reduce morbidity.?’> 278281
QRS duration

CRT is not indicated in patients with HF and

QRS duration <130 ms without an indication for

RV pacing %4282

Class® Level®

@ ESC 2021

ESC guidelines 2021 (cardiac pacing)



Recommendations

Selekce kandidatu BiV mmomsmmme

Dyssynchronie

Sife QRS komplexu
— celkové trvani aktivace komor

Morfologie QRS komplexu
— aktivacni sekvence komor

LBBB
Non-LBBB

CRT is recommended for symptomatic patients
with HF in SR with LVEF <35%, QRS duration
2150 ms, and LBBB QRS morphology despite
OMT, in order to improve symptoms and reduce
morbidity and mortality, 3940254~ 266,283,284

CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130—149 ms, and LBBB QRS morphol-
ogy despite OMT, in order to improve symp-

toms and reduce morbidity and
mortality, 373940254 -266.283.284

Non-LBBB QRS morphology>

CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS

duration 2150 ms, and non-LBBB QRS morphol-

ogy despite OMT, in order to improve symp-

. 1 37,39,40,254 266,283,284
toms and reduce morbidity. -

CRT may be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130—149 ms, and non-1 BBB QRS mor-
phology despite OMT, in order to improve

symptoms and reduce morbidity.?’> ~278281

QRS duration
CRT is not indicated in patients with HF and
QRS duration <130 ms without an indication for

RV pacing. %282

Class® Level®

ESC guidelines 2021 (cardiac pacing)

EESC 2021



Riedlbauchova L, PACE 2020;43(5):486-494
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Aktivacni sekvence obou komor v pfitomnosti typické LBBB

- Casna aktivace volné stény PK, nasleduje aktivace septa, mezikomorové zpozdéni 38+18ms.
- misto pozdni aktivace lokalizovano vzdy v bazalni nebo stfedni tfetiné LK lateralné.
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* QRS =120ms

Wiiie® L sy viave
* dominantni S (QS nebo rS)

* mirné STE a pozitivni asymetricka T vina
* Svody |, aVL, V5, V6:

* §iroky, monofazicky R kmit

* absence Q kmitu

* vétSinou mirné STD a neg.asymetricka T vina
* Svod aVR: * vétSinou QS komplex s pozitivni T vinou

Hl S A * Patients with LBBB with mid-QRS notching or slurring
Sl e in front-to-back (V1, V2) or left-to-right leads (I, aVL,

.' V5, V6), have better response to CRT than do patients

+ = with LBBB without notches or with intraventricular

i conduction delays.

* Presence of LBBB with mid-QRS notching or slurring
is a strong predictor of super-response to CRT and may
help to identify patients suitable for this treatment.

Tian Y, Europace 2013;15:1499-1506




Proportion of patients
with

Mean ORS  Total numper  comduction abnormality

Study Duration of patients LEBE RBEBBE IVCD

Prospective randomized studies™
PATH-CHF I 17430 42 93% I 0%
PATH-CHF II° 15520 86 88% 5% 6%
CONTAK CD? 15527 490 9%  14%  33%
MIRACLE* 166+21 453 80%  11% 9%
MIRACLE ICD IFF 166+24 186 NA 17% NA
COMPANION® 158 1520 M% 1% 18%
CARE-HF 1601 813 94% 2% 1%
REVERSE® 151+23 680 94% 8%  19%
MADIT-CRT* 152+18 1817 0% 13% 17%
RAFT™ 158+24 1866 69% 9% 1%

Auricchio A, Circ Arrhythm Electrophysiol. 2014,;7:532-542.




t=0 t=60 t=80 t=100 t=120!t=140 t=160 t=180

Narrow
LV septum- RAO

LV free wall- LL

NICD

Derwal N, Circ Arrhythm Electrophysiol. 2017

LBBB
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Auricchio A, Circ Arrhythm Electrophysiol. 2014;7:532-542.

RBBB
* QRS 2120ms
* Svody V1 a V2:
* rsR” komplex+ slurring R’
* STD a neg. asymetricka T vina
* Svody V4-V6, |, aVL:
* hluboky a Siroky S kmit
* slurring S kmitu
* Svod aVR:
* QR komplex+ slurring R+ neg.T

,RBBB masking LBBB*
* Svody |, aVL:
* Siroky R kmit + slurring/ notching
* sklon osy doleva
* [, aVL- dominantné pozitivni QRS
* 11, lll, aVF- dominantné neg.QRS

RBBB+LAH x RBBB:
- mensi reverzni remodelace

- srovnatelna mortalita
(MADIT-CRT)



UmiSténi LK elektrOdy NE: LV anterior/ LV apex

Speckle tracking- latest peak radial strain
- dyssynchrony

Basal LV Level

Great Cardiac Vein

12:00

Anterior

Lateral .

A _ILateral

Posterior

Lateral . Posterior
Yagishita v 3 Fe 2y Latevral
JACC EP 2021;7:796-805 “MiPosterior [/ ‘ N
! Y A Posterior
6:00 6:00
EN HANCE_CRT Middle Cardiac Vein Middle Cardiac Vein

sadny rozdil v kompozitnim endpointu TARGET StUdy (Am Coll Cardiol 2012;59:1509-18)
(INYHA, HF hospitalizace , umrti) STARTER study (Circ Heart Fail 2013;6:427-34)




Variabilita vétveni CS

Stabilita el. v cilové vétvi Kvad r|p0|érn|’ elektrOdy

Dobré stimulacni parametry

stabilizace elektrody v cilové vétvi
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Bipolarni Kvadripolarni

van Everdingen, W.M. et al. J Am Coll Cardiol EP. 2015; 1(4):225-37.




Detailnéjsi vysetreni aktivacni sekvence komor

Elektricka dyssynchronie

UHF-ECG ECG-belt ECG imaging Endocardial EAM
RV Lateral 4
' “ N . Wall L LV Lateral !
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Non-invasive

Nguyen. J. Cardiovasc. Dev. Dis. 2024, 11, 76.

Mechanicka dyssynchronie

ECHO, MRI




Jak dosahnout maximalniho efektu CRT?

Pied implantaci — Selekce kandidati CRT
Symptomatické srdecni selhani
LVEF < 35%
LBBB x nonLBBB
Site QRS (= 150ms)
Vysoké % komorové stimulace trvalého PM

Implantace

Spravné umisténi LV elektrody- misto pozdni aktivace
Spravné umisténi RV elektrody

Po implantaci — Dosazeni maximalni resynchronizace
a % BiV stimulace

»1rue” BiV stimulace ve >95% Casu

Lécba frekventnich KES

Dobra ,rate control fibrilace sini (v€etné pripadné RFA AVN)
ECHO optimalizace AV a VV zpozdéni



Efekt CRT = BiV stimulace =292-95% casu

Pric¢iny snizeného % BiV stimulace:

@ Neadekvatni nastaveni AV delay u SR
- pri vysSsich SF se uplatni spont. prevod na komory

— Uprava nastaveni AV zpozdéni reprogramaci

@ Vznik fibrilace sini nebo jiné SVT se spont. prevodem na
komory

— léCba SVT (kontrola rytmu- antiarytmika, ablace)
— dobra , rate control“(véetné pripadné RFA AVN)

@ Vyskyt zvySené extrasystolie (SVES, KES)
— antiarytmika, ablace

@ Poruchy sensingu/ pacingu




Optimalizace
AV a VV delay

ECHO

PW Doppler of mitral inflow

Mi VTI

MR jet

Aortic/ LVOT VTI

Tissue doppler imaging
Speckle tracking strain imaging

Diastolic fillin

Isovolumetric—j

contraction

sovolumetric
relaxation

Systolic ejection

Brabham, Journal of Arrhythmia 29 (2013) 153-161

Table 1: Options for Optimisation of Atrioventricular Delays and ventriculoventricular Timing in CRT Pacing

Echocardiographic Methods

Ritter: pulsed wave Doppler of mitral inflow
AV optimisation only

Doppler echocardiographic measurement of the time of MVC. AV delay [QRS,_,,-MVC,, QRS -
MVC,,,]+ SAVD, where SAVD and LAVD are short (50-60 msec) and long AV delays (160-200 msec),
respectively, and -MVC is the time interval between QRS onset (QRS,..) and MVC at short and long AV
delay

Iterative: pulsed wave Doppler of mitral inflow
AV optimisation only

AV delay is programmed by assessing mitral inflow pattern to allow for biventricular capture and
separation of E and A waves without A wave truncation

Simplified (Meluzin): pulsed wave mitral inflow
AV optimisation only

Longest AV delay with full biventricular capture — (5-10 msec) - (the time from the end of the A wave
to onset of systolic MR)

Diastolic MR method (Ishikawa)
AV optimisation only

Long AV delay is set to observe diastolic MR, and the LAVD — duration of diastolic MR is the optimal AV
delay

Aortic or LVOT VTI: continuous wave Doppler of aortic flow
AV and W optimisation

AV delay and W timing are serially programmed to achieve maximum aortic or LVOT VTl

Mitral VTI AV delay and VWV timing are serially programmed to maximise diastolic mitral inflow of both E and A
AV and VWV optimisation wave
MR jet The slope of continuous wave Doppler of the MR jet is measured as a marker of Lv contractility. The AV

AV and WV optimisation

and WV delays are serially programmed to maximise dP/dt

Tissue Doppler imaging
AV and WV optimisation

WV timings are optimised to the maximum tissue Doppler velocity sum of all 16 segments of the LV

Speckle tracking strain imaging
W optimisation only

VV timings are optimised to peak global longitudinal strain of the Lv

Device-based Methods

SmartDelay™ (Boston Scientific)
AV optimisation only

IEGM-based method that uses sensed atrial and paced atrial AV intervals and intrinsic RV to LV
conduction time to calculate AV delay to allow for fusion between native septal activation and
biventricular pacing

QuickOpt™ (Abbott)
AV and WV optimisation

IEGM-based method that calculates AV interval based an length of RA lead IEGM duration to allow

for ventricular pacing to occur after atrial depolarisation is complete. VV interval is calculated by
comparing instrinic conduction between the RV and LV [EGMs and conduction time between RV and LV
during RV and LV pacing

AdaptiveCRT™ (Medtronic)
AV and WV optimisation

IEGM-based method that dynamically calculates AV delay every minute. Lv-only pacing is delivered for
native AV interval <220 msec and AV delay is time from RA sense or RA pace to RV sense — 40 msec.
If instrinic AV interval »220 msec, then biventricular pacing is delivered after the end of the atrial IEGM
and >50 msec before RV sense. VV interval is based on AV interval and time between RV sense and
end of the ventricular IEGM on the far field signal

SyncAV™ (Abbott)
AV optimisation only

IEGM-based method that calculates and dynamically sets AV delay by assessing instrinic AV delay
every 256 beats and subtracting a programmed offset (50 msec nominally, but can be set to 10-60
msec)

SonR™ (LivaNova)
AV and WV optimisation

Using a lead-based micro-accelerometer to detect mechanical vibrations (endocardial acceleration
signal), AV and WV delays are dynamically optimised weekly during rest and exercise to maximise the
peak endocardial acceleration signal, which is a surrogate for LV contractility

CRT AutoAdapt™ (Biotronic)
AV and WV optimisation

IEGM-based method similar to AdaptiveCRT. AV interval to RV and LV is measured based on sensed and
paced atrial beats. LV-only pacing is delivered if A-paced AV interval is <250 msec and A to LV interval
is longer than A to RV interval, otherwise biventricular pacing is delivered. AV delay is dynamically set
at 70% of AV interval or AV interval — 40 msec, depending on which is shorter

Invasive haemodynamic
AV and VWV optimisation

An open-lumen micromanometer catheter or pressure wire directly placed in the LV is used to target
maximum rate of increase of LV pressure (dP/dt_,) to optimise AV and VV timing

Impedance cardiography (Task Force® Monitor Systems,
CNSystems)
AV and W optimisation

Multiple electrodes placed on the chest, neck, and abdomen measure transthoracic impedance.
Increased aortic blood flow and cardiac output are associated with lower transthoracic impedance. AV
and VV timings are optimised to target the lowest impedance value, which corresponds to maximum
cardiac output

Acoustic cardiography (Audicor, Inovise Medical)
AV and WV optimisation

using an ECG electrodes in V3 and v4 positions to detect the first, second and third heart sounds and
the QRS, time from onset of the Q wave to the mitral component of S1 is measured (electromechanical
activation time) and the strength of S3 is assessed. AV and WV timings are optimised for the shortest
electromechanical activation time and strongest S3

Finger plethysmography
AV and WV optimisation

AV and VWV delays are optimised using finger oximetry to target the maximum pulse amplitude of the
finger plethysmogram wave form

Noninvasive blood pressure measurement
AV and WV optimisation

AV and W delays optimised with serial blood pressure measurements targeting the peak mean systolic
blood pressure over multiple measurements

v@n mz:ular AV Iég

cardiag efgctei‘r’am LAYD = /gam
mia-

tricula fd’eg ﬁﬁ@ yﬂ;g;nm gfér;% tﬁcute Aﬁ;ﬁ -Jnitral rggﬁ &i [g.‘ éjtg g }e d§ i 0 7



Selekce kandidati CRT

Zave rem Spravné umisténi stimulaéni(ch) elektrod(y)
Dosazeni maximalni resynchronizace a % BiV stimulace

Selekce mista stimulace

dle rezidualni dyssynchronie
RTG na polohu elektrod
(AP, bocna) » Reprogramace (kvadripolarni el.)

, Dislokace/ >
12svod EKG nevhodna poloha - zména konfigurace LV stimulace

(nativ, RVP, LVP, BiV) - multipoint LV pacing

Revize/ repozice/ zavedeni
pfidatné LV elektrody/ CSP

CRT OFF
Kontrola CIED —— > 9 BijV stimulace

Arytmie v paméti CIED — | g&ba arytmii, dobra ,rate control“ AF
Profil SF (chron.kompetence)— Aktivace ,R*

CRT non-respondér
(cca 30%)

Algoritmy AV/ VV optimalizace—» AVD/ VVD optimalizace

Titrace terapie HFrEF

v

Farmakoterapie HFrEF

VyloucCeni jiné pfriciny selhani,
vylouCeni anemie

v

Laborator vé. NTproBNP




Déekuji za pozornost
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Selekce kandidatu BiV
non-LBBB

QRS > 150ms — prodlouzené vedeni

v obou raméncich — CRT efektivni
(MADIT CRT)

RBBB + vyznamna mechanicka
dyssynchronie (radialni strain)
— CRT efektivni

Recommendations

LBEBBE QRS morphology

CRT is recommended for symptomatic patients
with HF in SR with LVEF <35%, QRS duration
>150 ms, and LBBB QRS morphology despite
OMT, in order to improve symptoms and reduce
morbidity and mortality.7340254266.263284
CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130—149 ms, and LBBB QRS morphol-
ogy despite OMT, in order to improve symp-

toms and reduce morbidity and
mortality, 739:40254-266.263,284

(Hara H, Eur Heart J. 2012;33:2680-2691) @n-LBBB QRS mnrphologD

CRT should be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration >150 ms, and non-LBBB QRS morphol-

ogy despite OMT, in order to improve symp-
37,39,40,254 266,283,284

toms and reduce morbidity.

CRT may be considered for symptomatic
patients with HF in SR with LVEF <35%, QRS
duration 130— 149 ms, and non-LBBB QRS mor-
phology despite OMT, in order to improve

symptoms and reduce mczrrbidit)r.w3 278281

QRS duration
CRT is not indicated in patients with HF and
QRS duration <130 ms without an indication for

RV pacing %*282

Class® Level®

@ ESC 2021

ESC guidelines 2021 (cardiac pacing)



LTrue® BiV stimulace
v >959% casu

DDT(R)/V-Mode -
Ap Vp n:Eiﬂ Ap

DDDIR)-Mode
Ap Vp Ag Ag

Figure 2 the first beat shows an atral and ventricular
pacing without sensing an intrinsic ventricular beat; the second
shows a P sensed followed by an intrinsic ventricular beat that

trigger a biventricular pace within 10 msec.
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