Nahradi fyziologicka stimulace (CSP) biventrikularni
stimulaci?
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Prvni implantace v CR-22.6.1999

« 54 |ety muz s progresivni dusnosti (pfi chizi do 1-2. patra)
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Dalsi sledovani

* Bezprostredni symptomaticke zlepseni

 Po 1roce —NYHA II, LVEF 30-35%, VO2
max 20.9 ml/kg/min

* Rekreacni sport




Podzim 2008
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Dalsi sledovani

Klinicky stabilni, NYHA Il

2011 sepse nejasného puvodu, hospitalizace
VvV regionalni nemocnici

2012 LVEDD 53mm, LVEF 40-45%

2014 polynodozni struma, totalni
thyreoidektomie




Pokracujici sledovani

» 2015 epizody rychlé sinove aktivity (AHRE)
» 1/2016 klinicky dokumentovana FS
 NYHA Il, LVEDD 64, LVEF 35%

* 10/2016 TEP (levostranna)
* 1/2018 vymena pristroje pro ERI




Jak to bylo dale?

* 1/2019 dekompenzace srdeCniho [
selhani pri nefunkcni elektrode LK y

* Plicni hypertenze, trombus v IK

« 5/2019 aneurysma abdominalni
aorty, implantace stentgraftu

* 6/2019 dekompenzace srdecniho
selhani, 3.7.2019 implantace LVAD
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Jak to dopadlo?

« Stabilizace stavu, bez projevu
srdecniho selhavani

 12/2021 infekce covid, izolacni
rezim

» zhorSeni dusnosti, otoky kloubu,
teploty

« Krvaceni do mozku, umrti (po
22 letech lecby)
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Biventrikularni pacing ma
radu randomizovanych studii
na svou podporu




Metaanalyza casnych studii

Study CRT Control OR (fixed) OR (fixed)
or sub-category niN niN 95% Cl (%) 95% Cl
MUSTIC*** 1/29 0/29 > 0.28 3.11 [0.12, 79.43)
MIRACLE"™* 12/263 16/269 B 7.80 0.76 [0.35, 1.63)
MUSTIC AF' 1728 o/18 < » o.z28 2.27 (0.09, 58.84)
COMPANION'""** 131/617 77/308 i 41.80 0.81 [0.59, 1.12)
CARE-HF" 827409 120/404 —8— 49.87 0.59 [0.43, 0.82)
Total (85% CI) 1343 1028 - 100.00 0.71 [0.57, 0.88)
Total events: 227 (CRT), 213 (Control)
Test for heterogeneity: X* = 3.12,df = 4 (P=0.54), /* = 0%
Test for overall effect: Z = 3.14 (P=0.002)
01 02 0s 1 2 s 10
Favours CRT  Favours control
Figure 2 Effect of CRT alone vs. control on overall mortality.
Study CRT Control OR (random) Weight OR (random)
or sub-category niN niN 95% Cl (%6) 95% ClI
MUSTIC'*#* 0/29 0/29 Not estimable
MIRACLE"** 4/263 10/269 — - 6.98 0.40 [0.12, 1.29)
MUSTIC AF"™ 0/28 os18 Not estimable
COMPANION""** $3/617 34/308 B 46.51 0.76 [0.48, 1.19)
CARE-HF " 33/409 56/404 e 46.51 0.55 [0.3S, 0.86)
Total (85% CI) 1343 1028 > 100.00 0.62 [0.46, 0.85)

Total events: S0 (CRT), 100 (Control)

Test for heterogeneity: X*=1.59,df =2 (P=045),/7=0%
Test for overall effect: Z=3.01 (P =0.003)

01 02 05
Favours CRT

1 2 s
Favours control

10

Figure 3 Effect of CRT alone vs. control on heart failure mortality.

Rivero-Ayerza M, et al. European Heart Journal (2006) 27, 2682-2688
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MADIT CRT (NYHA II) — prevence HF udalosti

: l Reverzni remodelace
T 0.9 Mo [J ICD only (N=620) [l CRT-ICD (N=746)
S = ] "-'-a < < =
g © : “’” CRT-ICD P<0.001 P<0.001 P<0.001
n - b TS (O Ittt ---- ¢ 0.10
o« £ 0.8+ S —_ k-]
23 " E g
EI T lI'-‘I ;ET ‘g
5% (7] 3 401 S 005
n 9 = > E
[ . £ ar
=% 1 peoo0 ICD only g H
0.6 £ 80+ £ 0.00+--- o
- (@) 15 mlvs. 52 ml 18 mlvs. 57 ml = 0.03 vs. 0.11
v decrease decrease v increase
0.0 T T T T T T T 1 from baseline from baseline from baseline
0 1 2 3 4 LVEDV LVESV LVEF
Years since Randomization
No. at Risk (Probability of Survival)
ICD only 731 621 (0.89) 379 (0.78) 173 (0.71) 43 (0.63)
CRT-ICD 1089 985 (0.92) 651 (0.86) 279 (0.80) 58 (0.73)

Moss AJ, et al. N Engl J Med 2009;361:1329-38 BALL s s s s s b n IllsF



Kanadska studie

B Death A Death or Hospitalization for Heart Failure
1.0+ 1.0+
s
3 %% ICD-CRT 5 9.8
g 3
S
:,”6 0.6 ICD ‘;—E 0.6 ICD-CRT
[
£ &
§ 0.4 % 0.4 ICD
>
[ B2
z -
0.2 8 0.2+
Hazard ratio, 0.75 (95% Cl, 0.62—0.91) n-_°. Hazard ratio, 0.75 (95% Cl, 0.64—0.87)
P=0.003 P<0.001
00 I I I I T 1 0.0 T T T T T 1
0 1} 2 3 4 5 6 0 1 2 3 4 5 6
Years of Follow-up Years of Follow-up
No. at Risk No. at Risk
ICD-CRT 894 849 685 502 333 167 53 ICD-CRT 894 790 615 429 278 130 41
ICD 904 841 670 482 289 149 35 ICD 904 770 572 384 214 101 19

Tang ASL, et al. N Engl ] Med 2010;363:2385-95 st s Tl n IKE



Biventrikularni pacing lze
zlepsit multipolarni stimulaci
(nebo stimulaci vice mist)




Nase vysledky — MSP zvysuje dP/dT

n=20, DKMP s LBBB, vék: 62 == 13 let, zeny: 7 [35%], NYHA II-Ill, LVEF: 25 =+ 5%,
nat|Vn|’ QRS 177 i 15 ms Relative change of dP/dT Max

50 1

40 1

30 A

204

relative change compared to
RA pacing (%)

Nejvyssi dP/dT max
méreno pro max BVP

Sramko M, et al. JACC Clin Electrophysiol. 2023;9(11):2329- DRI EX'EE}BE OGIE n II§;F
2338.



MPP funguje zejména u zvetsenych komor

506 pts s kvadripolarni LK elektrodou, 3-9 més pozdéji, 188 BIV z jednoho mista,
43 MPP-AS (s Sirokou separaci mist stimulace), hodnoceny zmény LVEDV

100%

90%

80%

70%

% of patients

60%

50%

Clinical responder rates
p=0.023

—

p=1

79%
(n=94)
65%
(n=94)
Heart Size > Median LVEDVI Heart Size < Median LVEDVI
B MPP-AS BiV

Subgroups

Age (n=345)

Gender (Female vs Male) (n=345)

QRS duration (n=345)

LVEF (n=345)

LVEDVI, ) ian (larger heart)

MPP-AS vs. BIV (n=118)
MPP-Other vs. BiV (n=149)

LVEDVI 1 cdian (smaller heart)

MPP-AS vs. BiV (n=113)

MPP-Other vs. BiV (n=153)

0dds Ratio (95% Cl)

0.98 (0.96 - 1.00)
0.67 (0.39-1.15)
1.00(0.99-1.01)
1.00(0.99-1.06)

6.67 (1.78 - 43.61)

p-value

] 0.087
- 0.146
) 0.956
o 0217

— . 0.003

0.95 (0.47 - 1.94) = B 0.884
] |
1.00 (0.32 - 3.86) — B 0.997 N " 2 19
0.64 (0.30-1.36) — 0.247 - »
1 1 00 1
No d )

Verma N, et al. Circ EP 2020
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Stimulace CSP?
(HBP nebo LBBP)

KLINIKA KARDIOLOGIE



CRT pomoci LBBP

implantace 3.4.2025

* 79 leta zena s nIKMP, EF LK 35%, NYHA Il
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Dalsi sledovani

« Zatim neni k dispozici

* Ale muze toto nefungovat? - = _
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Historie CSP mnohem mladsi

TAFIB/

Featured Review

2016

Journal of Atrial Fibrillation

www. jafib.com

His Bundle Pacing Or Biventricular Pacing For Cardiac
Resynchronization Therapy In Heart Failure: Discovering New
Methods For An Old Problem

Parikshit S. Sharma & Pugazhendhi Vijayaraman

Rush University Medical Center, Chicago, IL and Geisinger Heart Institute, Wilkes Barre, PA
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Zejmeéna stimulace leveho raménka

‘ | ()
¢ & Cmga)rk Q9®

ELSEVIER

Canadian Journal of Cardiology 33 (2017) 1736.e1—1736.e3 www.onlinecjc.ca
N
Case Report

A Novel Pacing Strategy With Low and Stable Output:
Pacing the Left Bundle Branch Immediately Beyond the
Conduction Block
Weijian Huang, MD, FHRS,* Lan Su, MD," Shengjie Wu, MD," Lei Xu, MD,* Fangyi Xiao, MD,*
Xiaohong Zhou, MD," and Kenneth A. Ellenbogen, MD, FHRS*

“ Department of Cardiology, First Affiliated Hospital of Wenzhou Medical University, Key Lab of Cardiovascular Disease of Wenzhou, Wenzhou, China
b CRHF Division, Medsronic PLC, Mounds View, Minnesota, USA
 Department of Cardiology, Virginia Commonwealth University Health System, Richmond, Virginia, USA
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All patients
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__ 1404 g __ 1404 g
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E e } E - 35 pacientud, pram LVEF
£ 1301 2 E 130 2
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Curila K, et al. JACC Clin Electrophysiol 2024:10:1722-1732 TIINIKA & oo e n II§F



Patients with non-ischemic cardiomyopathy
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Prvni randomizovane studie




40 NICM Patients
SR + CLBBB

Randomization (1:1)

Treatment Effect at 6 Months:5.6

(95% CI: 0.3-10.9)

P=0.039

w
o
]

3

g

LBBP-CRT Group Y BiVP-CRT Group
(n=20) (GEPI))

Change of LVEF from Baseline (%)

o
1

LBBP-CRT BiVP-CRT

BiVP-CRT
Intention-to-Treat
(n=20)

Wang Y, et al. J Am Coll Cardiol. 2022;80(13):1205-1216.



LEVEL-AT study

CENTRAL ILLUSTRATION: CSP and BiVP Obtained Similar Degree of Cardiac

Resynchronization
A B
i Conduction System Pacing ‘Noninferiority of CSP comp‘ared
Baseline Final to BiVP:
1. Decrease of LVAT
P<0.001
150
LVAT 98 ms LVAT 65 ms
@ 120
ALVAT -33 ms E
: . . =
Biventricular Pacing § 90 4
Baseline Final .
60
Baseline Final Baseline Final
2. Left ventricular reverse remodeling
3. Hospitalization due to heart failure or mortality fi I{g:ﬂm
LVAT 108 ms LVAT 75 ms 4. NYHA functional class improvement
ALVAT -33 ms 5. ORS interval shortening

Pujol-Lopez M, et al. J Am Coll Cardiol EP. 2022;8(11):1431-1445.
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Observacni studie
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LBBAP vs BIV pro CRT — observacni studie

Left Bundle Branch Area
Pacing (LBBAP)

=== LBBAP
= BVP

Biventricular Pacing (BVP)

28.0%

Death or Heart Failure Hospitalization (HFH)

0.1+
HR: 1.495 (95% Cl: 1.213-1.842)
0.0- P <0.001
L) 1 1 1 1 T
0 1 2 3 4 5
Time to Death or HFH
BVP 981 728 546 352 166 18
LBBAP 797 574 342 152 18 0

.o . . . I INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY +
Vijayaraman P, et al. ] Am Coll Cardiol. 2023;82(3):228-241. T n IKE



LBBAP vs BIV pro CRT

Time to Death or HFH in LBBB

0.30 -
25.7%
N =1,073
0.25 1
T 0.20 -
=
S 015
K —
=]
[1:]
& 010
0:05- HR: 1.543 (95% Cl: 1.150-2.071);
0.00 4 log rank P = 0.004
0 1 2 3 4 5
Time to Death or HFH
— 626 481 359 239 116 1
447 333 191 79 13 0
— LBBAP — BVP

.o . . . = INSTITUT KLINICKE A EXPERIMENTALNI MEDICINY an
Vijayaraman P, et al. ] Am Coll Cardiol. 2023;82(3):228-241. T n IKE



BIVP vs

LBBAP In pts with HF and EF <50%

Morcos R et al., HeartRhytm 2025, in press

QRS Duration Biventricular Pacing vs LBBAP In Patients Ejection Fraction
with Heart Failure and LVEF s50%
160 as
Primary Outcome of Death or HFH (PSM, n=1560) ¥
150 a4 0
T --- LBBAP
140 I o9 ---BVP
5 5 35
£
S o8|
130 3
£ o . 22.2% 30
120 £
E osl o
S ¥ 25
- 3 30.8%
2 o HR 0.81 (95% Cl 0.66-0.99); log-rank p = 0.048
100 7 20
Baseline Post-CRT Basline Post-CRT
° : 2 3 P s .
mBVP mLBBAP Time to Death or HFH (Years) =BVP mLBBAP
* p<0.001
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B Reduction in LVEDD

LBBAP vs BIV
pro
resynchronizacni
léecbu:
metaanalyza

Yousaf A, et al.
Heart Rhythm O.2023;4:671—
680)
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LBBP BivP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Guo et al, 2020 -11 11.6 21 -9.4 10.4 21  10.0% -0.14 [-0.75, 0.46] 2020 —
Li et al, 2020 =-7.2 11.7 27 -3.2 99 54 12.9% -0.38 [-0.84, 0.09] 2020 —
Wang et al, 2020 -11.1 45 10 -8.7 6.8 30 8.2% -0.37 [-1.09, 0.35] 2020 —
Chen et al, 2022 -12.6 9 49 -7.4 13.2 51 14.6% -0.46 [-0.85, -0.06) 2022 —
Rademakers et al, 2022 -6.9 10.3 40 -1.6 11.8 40 13.4% -0.47 [-0.92, -0.03] 2022 _—
Hua et al, 2022 -106 12 21 -53 10.8 20 9.8% -0.45(-1.08,0.17) 2022 —_—
Wang et al, 2022 -11.4 1.2 20 -10.64 1.2 20 9.5% -0.62 [-1.26, 0.02] 2022 —l
Vijayaraman et al, 2023 -46 7.8 797 -52 86 981 21.5% 0.07 [-0.02, 0.17) 2023 o
Total (95% CI) 985 1217 100.0% -0.31[-0.57, -0.05] -
Heterogeneity: Tau® = 0.08; Chi* = 21.01, df = 7 (P = 0.004); I = 67% _51 -0: ; 015 1
Test for overall effect: Z = 2.35 (P = 0.02) Favour§ LBBP Favou}s BiVP
C Hospitalization for heart failure exacerbation
LBBP BivP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Guo et al, 2020 0 21 0 21 Not estimable 2020
Li et al, 2020 0 27 0 54 Not estimable 2020
Wang et al, 2020 0 10 1 30 0.3% 0.94 [0.04, 21.40] 2020
Wu et al, 2021 0 32 3 54 0.3% 0.24 [0.01, 4.47] 2020
Hua et al, 2022 4 21 4 20 1.6% 0.95 [0.27, 3.30] 2022 b E—
Liang et al, 2022 16 154 60 337 9.2% 0.58 [0.35, 0.98] 2022 —
Wang et al, 2022 0 20 0 20 Not estimable 2022
Rademakers et al, 2022 1 29 2 36 0.4% 0.62 [0.06, 6.51] 2022 EE————
Chen et al, 2022 2 49 5 51 1.0% 0.42 [0.08, 2.05] 2022 -_—
Vijayaraman et al, 2023 166 797 275 981 87.2% 0.74 [0.63, 0.88] 2023
Total (95% CI) 1160 1604 100.0% 0.72 [0.62, 0.85] 4
Total events 189 350
" 2 _ . 2 _ - - R = + 4 + 4
Test fof overal ffeck 2 = 4,04 ¢ < 00001 oo ol o 10
g : i Favours LBBP Favours BiVP
D All-cause mortality
LBBP BiVP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Wang et al, 2020 0 10 0 30 Not estimable 2020
Hua et al, 2022 1 21 1 20 0.7% 0.95 [0.06, 14.22] 2022
Rademakers et al, 2022 2 40 2 40 1.4% 1.00 [0.15, 6.76] 2022
Wang et al, 2022 0 20 0 20 Not estimable 2022
Chen et al, 2022 0 49 0 51 Not estimable 2022
Vijayaraman et al, 2023 99 797 168 981 97.9% 0.73 [0.58, 0.91] 2023 .
Total (95% CI) 937 1142 100.0% 0.73 [0.58, 0.92] <
Total events 102 171
Heterogeneity: Tau? = 0.00; Chi? = 0.14, df = 2 (P = 0.93); I = 0% 055 052 é 250

Test for overall effect: Z = 2.71 (P = 0.007)

Favours LBBP Favours BiVP
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Existuje vsak zatim rada
nejasnosti a limitu..




Nedostatek randomizovanych
studii




Vysetreni MRI: Interakce mezi velikosti septalni jizvy a
metodou resynchronizace

Reverse remodeling in the low septal scar burden groups

A P=0.037 B P<0.001
17.0 (10.0-21.8) 304

12.0)14-0 (10.2-20.0)
10.0 (3.0-18.5) 9.0 (5.5-12.0)

o
1

LVEF improvement, %
LVEDD reduction, mm
=
1

-
(=]

T 1
LBBAP BVP  LBBAP

T
BVP

BVP LBBAP
Reverse remodeling in the high septal scar burden groups
D P=0.085 E F
— P=0.064 P=0.046

60 = 807 r Em Response
= 8.0 (4.0-13.0) 30+ 2 67.9% P
) 3.0 (-2.0-11.0) E o B Non-response
= £ 6.0 (3.0-11.0) 2 60 57.1%
- - 3.0 (1.0-6.0) ]
£ E 5
8 . B G 40-
o o Q

e =]

E oo ) =z £
Lo T 1 v a € 20}
> £ e
= = e @

-20 T T -10 T T o 0

BVP LBBAP BVP  LBBAP

Chen Z, et al. JACC Clin Electrophysiol 2024,;10:1439-1

c

)
-
o
o
]

Percentage of group (%

=]
o
1

60

40+

20+

P=0.025

|
90.0% mm Response

Em Non-response

10.0%

BVP

LBBAP

Odds ratio of LBBAP vs BVP

20,

LVEF improvement, %

20

10 15
1

5

for remodeling response

P for interaction=0.002  CRT strategy B fgg AP

0 10 20 30 40
Septal scar burden, %

T T T
0 5 10 15 20 25 30
Septal scar burden, %

APFSHRTUT KLINICKE A EXPERIMENTALNI MEDICINY

Spline curves showing the
association between septal
scar burden and LVEF
improvement stratified by
cardiac resynchronization
therapy (CRT) strategy.

The relative odds of reverse
remodeling response after
LBBAP vs BVP according to
septal scar burden with
95% Cl (dotted black line).

ARLINIKA KARDIOLOGIE

<R
M



Zda se, ze je dulezité stimulovat skutecné levé

rameénko!!!
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CRT pomoci LBBP
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Dabel se skryva v detailu

* Prukaz proximalniho LBBB pomoci EFV
e Bez LGE
o Stimulace za mistem bloku =

Popis

Objemy komor (HR 66 /min, vwyika 166 cm, hmotnost 66 kg, BSA 1,73 m2)

LK EF 40 %, EDV 116 ml, ESV 71 ml, SV 48 ml, CO 3,17 l/min; EDVi 69 ml/m2, ESVi 41 ml/m2
PK EF 59 %, EDV 83 ml, ESV 35 ml, SV 49 ml, CO 3,22 |/min; EDVi 48 ml/m2, ESVi 20 ml/m2

LK: Bez dilatace. Dyssynchronni kontrakce IVS pfi LBBB. Jinak bez poruchy kinetiky. Lumen bez tromb@. Myokard
priméfené &ife, IVS 8 mm. Myok. mass 66 g (38 g/m2).
LS: Bez dilatace. LAD 23 mm

PK: Bez dilatace. Bez poruchy kinetiky.

Chlopné: Vizudlné i dle méfeni bez vady.

Aorta: Oblouk levostranny. Siny 37 mm. Asc Ao 37 mm
Plicnice: Bez dilatace, MPA 30 mm

Perikard: bez vypotku ¢i zesileni
Bez jiné zjevné patologie v oblasti hrudniku

Zavér
Stiedné sniZena EF LK pfi LBBB
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Dabel se skryva v detailu

* Prukaz proximalniho LBBB r F

. Bez LGE S
X2)

g r
. p g . srdce - kardiomyopatie
2 cine SSFP, Klidova perfiize, T1 PSIR pro LGE, cine tagged

Popis

Objemy komor (HR 66 /min, vwyika 166 cm, hmotnost 66 kg, BSA 1,73 m2)

LK EF 40 %, EDV 116 ml, ESV 71 ml, SV 48 ml, CO 3,17 I/min; EDVi 69 ml/m2, ESVi 41 ml/m2
PK EF 59 %, EDV 83 ml, ESV 35 ml, SV 49 ml, CO 3,22 |/min; EDVi 48 ml/m2, ESVi 20 ml/m2

' LK: Bez dilatace. Dyssynchronni kontrakce IVS pfi LBBB. Jinak bez poruchy kinetiky. Lumen bez trombd. Myokard
priméfené &ife, IVS 8 mm. Myok. mass 66 g (38 g/m2).

LS: Bez dilatace. LAD 23 mm
PK: Bez dilatace. Bez poruchy kinetiky.
PS: Bez dilatace.

' ( Gl ez mek pozdniho nasy(em.,

Chlopné: Vizudlné i dle méfeni bez vady.

Aorta: Oblouk levostranny. Siny 37 mm. Asc Ao 37 mm
Plicnice: Bez dilatace, MPA 30 mm
Perikard: bez vypotku ¢i zesileni

\ Bez jiné zjevné patologie v oblasti hrudniku

Zavér
Stiedné sniZena EF LK pfi LBBB
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Zavery l.

Biventrikularni stimulace ovlivnila zasadné zivot tisicim
pacientu se srdeCnim selhanim a poruchou vedeni vzruchu v
komorové svalovine, ma za sebou radu velkych RCT a vice jak
25 letou klinickou zkusenost

CSP muze byt u nékterych pacientd vyhodnéjsi, ale existuji
nejasnosti o jejich vyberu, chybi data z velkych studii a take
dlouholeté zkusenosti

Zatim zustava biventrikularni stimulace zlatym standardem pro
CRT
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Zavery ll.
CSP — CRT se mohutné rozviji
Bude potfeba dalsich studii a zkusenosti

CSP — CRT je vhodné pro selektovanou skupinu pacientu
Pro nekteré pacienty naopak vhodné neni
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CRT neni ,,one size fits all*!
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Nahradi fyziologicka stimulace
biventrikularni stimulaci?

Nejspise ne.
Spise se obé metody budou doplinovat.
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