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Resynchronisationstherapie
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Resynchronisationstherapie < \,

Symptomatische Verbesserung der Herzinsuffizienz
Verbesserung der Lebensqualitat

Verbesserung des LV-Reverse-Remodelings
Reduktion der Hospitalisationen aufgrund Hi

Mortalitatsreduktion



Resynchronisationstherapie O
QRS-Breite entscheidend fur Erfolg

COMPANION (QRS, 148-168 ms, n=314)
COMPANION (QRS, >168 ms, n=287)
CARE-HF (QRS, >159 ms, n=505)
REVERSE (QRS, >151 ms, n=307)
MADIT-CRT (QRS, >149 ms, n=1175)
RAFT (QRS, >149 ms, n=1036)
Mela-analysis

COMPANION (QRS, 120-147 ms, n=324)
CARE-HF (QRS, 120-159 ms, n=290)
REVERSE (QRS, 120-151 ms, n=303)
MADIT-CRT (QRS, 130-149 ms, n=645)
RAFT (QRS, 120-149 ms, n=627)
Meta-analysis

Statistics for each study

RR (95% CI) zValue PValue

0.78 (0.59-1.04) -1.70 09
66 (0.47-0.93) -2.35 02
0.60 (0.46-0.79) -3.70 <.001
0.42 (0.22-0.81) -2.61 009
0.48 (0.37-0.63) -5.41 <.001
0.59 (0.48-0.73) -4.93 <.001
0.60 (0.53-0.67) -8.67 <.001
Statistics for each study

RR (95% Cl) z Value P Value
1.01 (0.76-1.35) 0.07 95
0.74 (0.54-1.02) -1.86 .06
1.05 (0.58-1.89) 0.16 87
1.06 (0.74-1.52) 0.32 75
0.99 (0.77-1.27) -0.08 94
0.95 (0.82-1.10) -0.68 49

—m-
_._
—-
]
. 3
0.2 05 1 2 5
CRT Better Control Better
0.2 0.5 1 2 5
CRT Better Control Better

Sipahi, Arch Int Med 2011; 171:1454-62



Resynchronisationstherapie O
QRS-Morphologie entscheidend fur Erfolg

Risk Lower Upper

Study name Ratio Limit limit Z-Value p-Value Risk ratio and 95% CI
COMPANION™0 - L BBB 076 061 095 -243 0.016 ——
CARE-HF1132 - | BBB 070 060 083 -421 <0.0001 _._
MADIT-CRT'21315 - |BBB 0.45 035 058 -6.20 <0.00001 =
RAFT'4 - LBBB 065 054 079 -444 0.00001 ——
Meta Analysis 0.64 052 0.77 -4.55 0.00001 ‘
0.5 1 2
Favors CRT Favors Control

Risk Lower Upper

Study name Ratio Limit Limit Z-Value p-Value Risk ratio and 95% CI
COMPANION™ -Non-LBBB 086 063 117 -096 034 ———
CARE-HF 1132 - RBBB 081 054 122 -099 032 i

CARE-HF11:32 - |vCD 075 024 233 -050 062 -

MADIT-CRT'21315 _RBBB 099 055 179 -0.03 0.97
MADIT-CRT12.13.15 _ |vCD 144 088 236 145 0.15

RAFT' - RBBB 100 062 162 0.00 1.00 s
RAFT'4 — IVCD 110 071 169 043 067 7
Meta Analysis 097 082 115 -0.32 0.75 ’

Favors CRT L Favors Control

Sipahi, Am Heart J 2012; 163:260-7
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Uberlebensvorteil nur bei LSB

A Patients with Left Bundle-Branch Block

1.00 0.30
ICD onl
0.904  0.25- oy
0.80 0.20 _
£ 0704 0157 e
o ¢ :
9 o060 0.104 gt CRT-D
[e) -
> 0504 0.05 pe
% 0.40 0.00 ’I T T T T T
2 0 2 3 4 5 6 7
2  0.304
a
0.20
0.104
0.00
0 1 2 3 4 5 6 7
Follow-up (yr)
No. at Risk
ICD only 520 488 463 40 326 254 94 41
CRT-D 761 734 714 636 527 425 157 70

B Patients without Left Bundle-Branch Block

1.00+ 0.354 4
0.904  0.30 J"
0.804 0257 CE_T‘_D: r
® o704 9207 ' Aicoonly
8 0.60 0.154 i
- -
S 0.104
E 0.50 0.05-
4  0.404 0.00 | | |
]
9  0.304
o
0.20
0.10
0.00
0 1 3 4 5 6 7
Follow-up (yr)
No. at Risk
ICD only 209 197 156 115 95 24 10
CRT-D 328 312 240 182 136 39 13

Goldenberg, NEJM 2014; 370:1694-701
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ORIGINAL ARTICLE ‘

Biventricular Pacing for Atrioventricular
Block and Systolic Dysfunction

Anne B. Curtis, M.D., Seth J. Worley, M.D., Philip B. Adamson, M.D.,
Eugene S. Chung, M.D., Imran Niazi, M.D., Lou Sherfesee, Ph.D.,
Timothy Shinn, M.D., and Martin St. John Sutton, M.D.,
for the Biventricular versus Right Ventricular Pacing in Heart Failure
Patients with Atrioventricular Block (BLOCK HF) Trial Investigators

Curtis, NEJM 2013; 368:1585-1593



Characteristic Pacemaker (N =4384) ICD (N=207) All Patients (N=691)

Biventricular Right Ventricular ~ Biventricular Right Ventricular ~ Biventricular ~Right Ventricular

Pacing Pacing Pacing Pacing Pacing Pacing
(N=243) (N =241) (N=106) (N=101) (N=349) (I 0
Male sex — no. (%) 181 (74.5) 168 (69.7) 87 (82.1) 81 (80.2) 268 (76.8) 24 E F< =50 /O
Age —yr 74.4+10.2 73.8+10.8 72.0+9.3 71.0+£10.0 73.7+10.0 73.9£1U
Left ventricular ejection fraction — %  43.4+6.5 42.5+6.6 33.0+7.8 32.9+8.0 40.3+8.4 39.6+8.3 I
Left ventricular ejection fraction >35% 213 (87.7) 215 (89.2) 30 (28.3) 25 (24.8) 243 (69.6) 240 (70.2)
—no. (%)

Heart rate — beats/min 68.7+23.4 68.7+23.9 68.2+16.9 69.1+17.4 68.5+21.6 68.8+22.2
QRS duration — msec 125.4+32.8 124.5+31.1 122.5+30.1 119.3+30.2 124.6+32.0 123.0+30.8 I
NYHA class — no. (%)

[ 35 (14.4) 47 (19.5) 11 (10.4) 16 (15.8) 46 (13.2) 63 (18.4)

I 141 (58.0) 126 (52.3) 67 (63.2) 58 (57.4) 208 (59.6) 184 (53.8)

i 66 (27.2) 68 (28.2) 28 (26.4) 27 (26.7) 94 (26.9) 95 (27.8)
Cardiomyopathy — no. (%)

Ischemic 94 (38.7) 91 (37.8) 67 (63.2) 59 (58.4) 161 (46.1) 0 (43.9)

Nonischemic 47 (19.3) 65 (27.0) 26 (24.5) 25 (24.8) 73 (20.9) 90 (26.3)

Unknown 2 (0.8) 6 (2.5) 1(0.9) 3 (3.0 3 (0.9) 9 (2.6)

Other 9 (3.7) 6 (2.5) 2 (1.9) 2 (2.0) 11 3.2) 8 (2.3)
CAD — no. (%) 151 (62.1) 147 (61.0) 82 (77.4) 72 (71.3) 233 (66.8) 219 (64.0)
Myocardial infarction — no. (%) 93 (38.3) 77 (32.0) 56 (52.8) 47 (46.5) 149 (42.7) 124 (36.3)
Hypertension — no. (%) 200 (82.3) 200 (83.0) 84 (79.2) 87 (86.1) 284 (81.4) 287 (83.9)
Atrial fibrillation — no. (%) 136 (56.0) 33 (55.2) 44 (41.5) 52 (51.5) 180 (51.6) 185 (54.1)
Diabetes — no. (%) 90 (37.0) 87 (36.1) 47 (44.3) 37 (36.6) 137 (39.3) 124 (36.3)
Atrioventricular block — no. (%)§

1st degree 39 (16.0) 35 (14.5) 29 (27.4) 31 (30.7) 68 (19.5) 66 (19.3)

2nd degree 84 (34.6) 70 (29.0) 35 (33.0) 38 (37.6) 119 (34.1) 108 (31.6)

3rd degree 120 (49.4) 135 (56.0) 42 (39.6) 32 (31.7) 162 (46.4) 167 (48.8)
Bundle-branch block — no. (%)

Left 86 (35.4) 75 (31.1) 37 (34.9) 27 (26.7) 123 (35.2) 102 (29.8)

Right 52 (21.4) 55 (22.8) 21 (19.8) 19 (18.8) 73 (20.9) 74 (21.6)

Curtis, NEJM 2013; 368:1585-1593



Block-HF: Ergebnisse

Outcome Pacemaker (N =484) ICD (N=207) Hazard Ratio (95% Cl)*
Biventricular Right Ventricular Biventricular Right Ventricular
Pacing Pacing Pacing Pacing Pacemaker ICD All Patients
(N=243) (N=241) (N=106) (N=101) (N=484) (N=207) (N=691)
number of patients
Primary outcome 108 127 52 63 0.73 (0.58-0.91) 0.75 (0.57-1.02) 0.74 (0.60-0.90)
Event related to left ventricular end-systolic 56 79 31 36
volume index
Urgent care visit for heart failure 40 38 16 23
Death 12 10 5 4
Secondary outcomes::
Death or urgent care visit for heart failure 78 95 39 44 0.73 (0.56-0.94) 0.73 (0.53-1.02) 0.73 (0.57-0.92)
Death or hospitalization for heart failure 76 89 39 40 0.77 (0.58-1.00) 0.80 (0.58-1.13) 0.78 (0.61-0.99)
Death 52 64 23 26 0.83 (0.59-1.17) 0.84 (0.55-1.28) 0.83 (0.61-1.14
Hospitalization for heart failure 49 63 27 27 0.68 (0.49-0.94) 0.73 (0.50-1.11) 0.70 (0.52-0.93

Curtis, NEJM 2013; 368:1585-1593
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A randomized controlled trial of AV junction ablation and
cardiac resynchronization therapy in patients with
permanent atrial fibrillation and narrow QRS
(APAF - CRT)

Brignole, EHJ 2018; ehy555, https://doi.org/10.1093/eurheartj/ehy555
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109 Randomized

/\

51 Assigned to Ablation and CRT
|

1 Was excluded because of withdrawal of
consent

50 Included in Intention-to-treat
analysis for primary and
secondary end-points

4 Failed ablation and crossed-over to Drug
arm before primary end-point

1 Died before 1-year visit

2 Missed 1-year visit

50 On-treatment analysis
for symptoms and physical
limitation at 1 year

58 Assigned to Drug arm
|

6 Were excluded:
- 3 lost to FU before the first visit
- 3 severe protocol violation

52 Included in Intention-to-treat
analysis for primary and
secondary end-points

2 Crossed-over to Ablation and CRT before
primary-end point (physician’s decision)

10Crossed-over to Ablation and CRT after
primary end-point (3 after 1-year visit)

2 Died before 1-year visit

5 Missed 1-year visit

|
42 On-treatment analysis
for symptoms and physical
limitation at 1 year

Brignole, EHJ 2018; ehy555, https://doi.org/10.1093/eurheartj/ehy555



Patient characteristics on enrolment

Abl + CRT Drug

(n=50) (n=52)
Age, years 71212 72 19
Male sex 28 (56) 28 (54)
History of AF:
- Duration of permanent AF, months 13 (8;36) 18 (8;43)
-Previous attempt/s of catheter ablation of AF 5(10) 5(10)
-Number of hospitalizations in the previous year 1.5*0.7 1.7%1.2
Symptoms and physical capacity:
-New York Heart Association class 2lll 32 (64) 34 (65)
- European Heart Rhythm Association class 2llI 38 (76) 31 (60)
Standard electrocardiogram
- Heart rate, bpm 100+23 103+19
- QRS width, ms 9714 94+12

Echocardiogram

- Ejection fraction 41 £ 12 4012

Brignole, EHJ 2018; ehy555, https://doi.org/10.1093/eurheartj/ehy555
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<« Primarer Endpunkt: Tod aufgrund HF, HF-
~ Hospitalisation oder Verschlechterung HF

100 |-
9 Hazard ratio, 0.38 (95% Cl, 0.18-0.81)
po 80 - P=0.01 by Cox regression
% P=0.01 by log-rank test
2 60F
o
& % Drug
o
> 40F ,_l_
S 25% Abl + CRT
g 20 ﬁ%
3 i 11% ,
0 A ] . ] ] ] ) ] ) ]
0 120 240 360 480 600 720
Days

Number at risk
Group: Abl + CRT

50 46 39 31 25 24 14
Group: Drug

52 41 34 28 1o 13 7

Brignole, EHJ 2018; ehy555, https://doi.org/10.1093/eurheartj/ehy555
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Recommendations
CRT is recommended for symptomatic patients with HF in SR with a QRS duration

>150 ms and LBBB QRS morphology and with LVEF <35%

improve symptoms and reduce morbidity and mortality.
CRT should be considered for symptomatic patients with HF in SR with a QRS

duration of

130-149 ms and LBBB QRS morphology and with LVEF £35%

OMT in order to improve symptoms and reduce morbidity and mortality.
CRT should be considered for symptomatic patients with HF in SR with a QRS

duration 2150 ms and non-LBBB QRS morphology and with LVEF <35%

OMT in order to improve symptoms and reduce morbidity and mortality.
CRT may be considered for symptomatic patients with HF in SR with a QRS duration

order to improve symptoms and reduce morbidity and mortality.

espite OMT in order to

despite

despite

of|130-149 ms and non-LBBB QRS morphology and with LVEF £35%|despite OMT in

Class Level
I
I B
lla B
Iib B

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)
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Recommendations Class Level
CRT rather than RV pacing is recommended for patients with HFrEF regardless of
NYHA class or QRS width who have an indication for ventricular pacing for high |

degree AV block|in order to reduce morbidity. This includes patients with AF.

Patients with an LVEF £35% who have received a conventional pacemaker or an ICD
and subsequently develop worsening HF despite OMT and who have a significant lla B

proportion of RV pacing should be considered for ‘upgrade’ to CRT.

CRT is not recommended in patients with a QRS duration <130 ms|who do not ..
have an indication for pacing due to high degree AV block.

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)



His-Bundel-Pacing

§

 His-Biindel-Elektrode

Aus Derndorfer, M.; Austrian Journal of Cardiology 2021; 28 (5-6):158-165



His-BlUndel-Pacing

50 patients QRS Intention-to-Treat NYHA Intention-to-Treat
LVEF <35% . oy
NYHA II-IV OMT e —
LBBB ms — 3 —
p <0.001 p <0.001 p<0.001  p<0.001
i . 160 25
BiV-CRT arm g His-CRT arm 140
25 patients o 25 patients 2
120
7 Biv (28%) 18 His (72%) 100 15
80
24 Biv (96%) . 1His (4%) 60 1
1 & i : 40
l vy Vv v vV % 0.5
BiV-CRT BiV-CRT His-CRT His-CRT 0 0
Intention-to-Treat Per-protocol Per-protocol Intention-to-Treat Biv-CRT His-CRT Biv-CRT His-CRT
25 patients 31 patients 19 patients 25 patients
‘ \ 4 LVESV Intention-to-Treat
BiV-CRT BiV-CRT His-CRT ns ns
Intention-to-Treat Per-protocol Per-protocol —_— mL ns
25 patients 31 patients 19 patients 25 patients p <0.001 p <0.001 p <0.001 p <0.001
50% r 1 L] 140 I —
45%
40% 120
35% 100
Pacing Thresholds Implantation 6-month FU ;g;ﬂ’ 80
(]
(V at 1 ms dur) (V at1ms dur) 20% 60
0,
LV-leads (n = 31) 11207 15:06* 2 40
0
5% 20
His-leads (n =19) 2212 2.4 x1.6*% 0% 0
Biv-CRT His-CRT Biv-CRT His-CRT
* p <0.05 baseline vs. 6-months FU  +p <0.05 His-leads vs. LV-leads [ Baseline [l 6 months

Vinther,M.; JACC EP 2021 Apr 25;52405-500%(21)00328-5. doi: 10.1016/j.jacep.2021.04.003
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Bei Pat. mit hochgradig eingeschrankter LV-EF (<=35%) und
LSB ist die Resynchronisationstherapie eine etablierte und
gute Therapie

Bei zu erwartendem hohem ventrikularem Pacinganteil (z.B.
hohergradiger AV-Block, geplante AV-Knoten-Ablation) sollte
auch bei bereits leicht- bis mittelgradig eingeschrankter LV-EF
(<50/min) eine CRT-Implantation evaluiert werden
(unabhangig vom Ausgangs-QRS-Komplex)

Das His-Blindel-Pacing kdnnte zukilinftig eine Alternative zur
Resynchronisations-Therapie werden
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Catheter Ablation for Atrial Fibrillation with Heart Failure

Nassir F. Marrouche, M.D., Johannes Brachmann, M.D., Dietrich Andresen, M.D., Jurgen Siebels, M.D.,
Lucas Boersma, M.D., Luc Jordaens, M.D., Béla Merkely, M.D., Evgeny Pokushalov, M.D.,
Prashanthan Sanders, M.D., Jochen Proff, B.S., Heribert Schunkert, M.D., Hildegard Christ, M.D.,
Jurgen Vogt, M.D., and Dietmar Béansch, M.D., for the CASTLE-AF Investigators*



3013 Patients were assessed for eligibility

f—————————=| 2615 Were excluded

398 Were enrolled and underwent
randomization

1 Had violation of inclusion criteria

200 Were assigned to ablation group

197 Were assigned to medical-therapy

18 Were excluded during
run-in period
11 Withdrew consent
4 Were withdrawn in -
accordance with protocol
2 Were lost to follow-up
1 Died

3 Were excluded at baseline
2 Withdrew consent
2 Were withdrawn in
accordance with protocol

group
9 Were excluded during
run-in period
4 Withdrew consent
e 1 Was withdrawn in

accordance with protocol
3 Were lost to follow-up
1 Died

4 Were excluded at baseline
1 Withdrew consent
— 2 Were withdrawn in
accordance with protocol
1 Was lost to follow-up

179 Remained after

baseline evaluation

184 Remained after baseline evaluation

166 Received assigned intervention

151 Received assigned intervention
28 Did not receive assigned intervention

9 Did not have dissolving LAA
thrombus

8 Had medical reasons

6 Declined ablation and further study
participation

3 Were withdrawn by investigator

1 Died

1 Had other reason

18 Did not receive assigned intervention

23 Were lost to follow-up for the primary

end point

10 Were lost to follow-up for the primary
end point

179 Were included in the primary analysis

184 Were included in

the primary analysis

Marro

uche NF et al. N Engl J Med 2018;378:417-427



Patientencharakteristika

Characteristic Treatment Type
Ablation Medical Therapy
(N=179) (N=184)

Age —yr

Median 64 64

Range 56-71 56-73.5
Male sex — no. (%) 156 (87) 155 (84)
Body-mass index

Median 29.0 29.1

Range 25.9-32.2 25.9-32.3
New York Heart Association class — no./total no. (%)

| 20/174 (11) 19/179 (11)

I 101/174 (58) 109/179 (61)

i 50/174 (29) 49/179 (27)

\Y 3/174 (2) 2/179 (1)
Cause of heart failure — no. (%)

Ischemic 72 (40) 96 (52)

Nonischemic 107 (60) 88 (48)
Type of atrial fibrillation — no. (%)

Paroxysmal 54 (30) 64 (35)

Persistent 125 (70) 120 (65)

Long-standing persistent (duration >1 year) 51 (28) 55 (30)
Left atrial diameter

Total no. of patients evaluated 162 172

Median — mm 48.0 49.5

Interquartile range — mm 45.0-54.0 5.0-55.0
Left ventricular ejection fraction

Total no. of patients evaluated 164 172

Median — % 32.5 315 |

Interquartile range — % 25.0-38.0 27.0-37.0
CRT-D implanted — no. (%)§ 48 (27) 52 (28)
ICD implanted — no. (%)§ 131 (73) 132 (72)

Dual-chamber 128 (72) 123 (67)

Single-lead device with “floating” atrial sensing dipole 3(2) 9 (5)

Marrouche NF et al. N Engl J Med 2018;378:417-427




Patientencharakteristika O

ACE-inhibitor or ARB — no. (%)
Beta-blocker — no. (%)

Diuretic — no. (%)

Digitalis — no. (%)

Oral anticoagulant — no. (%)

Antiarrhythmic drug — no. (%)

Amiodarone — no. (%)

Ablation

group Conventional group

(179 patients) (184 patients)

94
93
93
18
93

32

97

91
95
93
31
96

30

85

Marrouche NF et al. N Engl J Med 2018;378:417-427



Ergebnisse

Baseline 3M 51\ 12M 24M 36M 48M
AF Burden

Ablation Conventional

Marrouche NF et al. N Engl J Med 2018;378:417-427



Ergebnisse C

A Death or Hospitalization for Worsening Heart Failure

1.0~
0.9+
o
£ S 0.8
S 077 Ablation
eE 06+
wn < 0.5
w—= O
o8 -
2'a  0.4- Medical therapy
=0
52 034
9% 0.2 Hazard ratio, 0.62 (95% Cl, 0.43-0.87)
a ] P=0.007 by Cox regression
0.14 P=0.006 by log-rank test
0.0 , , | : |
0 12 24 36 43 60
Months of Follow-up
No. at Risk
Ablation 179 141 114 76 58 22
Medical therapy 184 145 111 70 48 12

Marrouche NF et al. N Engl J Med 2018;378:417-427



Ergebnisse

B Death from Any Cause

1.0+
0.9+
0.8
0.7+
0.6
0.5+
0.4+
0.3+
0.2+
0.1+
0.0

Probability of Survival

Hazard ratio, 0.53 (95% Cl, 0.32-0.86)
P=0.01 by Cox regression
P=0.009 by log-rank test

Ablation

Medical therapy

0

No. at Risk
Ablation 179
Medical therapy 184

12 24 36
Months of Follow-up

154 130 94
168 138 97

48 60
/1 27
63 19

Marrouche NF et al. N Engl J Med 2018;378:417-427



Ergebnisse O

C Hospitalization for Worsening Heart Failure

1.0-
0.9+
g5 08
S8 o7 Ablation
o E
25 06-
53 o .
b% 0.54 Medical therapy
% 9 0.4+
ST 03
SE 0| Hazard ratio, 0.56 (95% Cl, 0.37-0.83)
&= 77| P=0.004 by Cox regression
0.14 P=0.004 by log-rank test
0.0 | | | | |
0 12 24 36 48 60
Months of Follow-up
No. at Risk
Ablation 179 141 114 76 58 22
Medical therapy 184 145 111 70 48 12

Marrouche NF et al. N Engl J Med 2018;378:417-427
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Amiodarone
(Class llb)

AVN ablation

(Class Iib)

PV ablation
(Class lla)

— 80—

‘ Berta-blockers
1 (Class lla)

OR
Digoxin/digitoxin
(Class lla)
OR

Amiodarone i.v.
(Class lla)

(Class Ila)
(Class IIb)
ECV

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)
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Zusammenfassung Teil Il CJ

Hinsichtlich VHF-Rezidivrate ist die interventionelle Therapie auch bei
herzinsuffizienten Patienten langfristig effektiver als eine
antiarrhythmische Medikation

Bei HI-Patienten scheint dieses auch mit einer verbesserten Prognose
fur Mortalitat und Rehospitalisierung verbunden zu sein

Daher sollte bei diesem Patientenkollektiv auch aus prognostischer
Indikation friihzeitig eine Ablation evaluiert werden
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