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16 prospective RCTs trials (1999 – 16 prospective RCTs trials (1999 – 
2013)2013)

1
3>10.

000

Trial Patients NYHA
class

LVEF(%) LVEDD (mm) SR/AF QRS 
(ms)

ICD

PATH CHF 41 III,IV �35% Not specified SR � 120 No

MUSTIC-SR 58 III �35% �60 SR �150 No

MIRACLE 453 III,IV �35% �55 SR �130 No

MUSTIC AF 43 III �35% �60 AF �200 No

MIRACLE ICD 369 III,IV �35% �55 SR �130 Yes

CONTAK CD 227 II,IV �35% Not specified SR �120 Yes

MIRACLE ICD II 186 II �35% �55 SR �130 Yes

PATH CHF II 89 III,IV �35% Not specified SR �120 Yes/No

COMPANION 1520 III,IV �35% Not specified SR �120 Yes/No

CARE HF 814 III,IV �35% �30 SR �120 & Dys No

RethinQ 172 III,IV �35% Not specified SR ≤130 & Dys Yes

REVERSE 610 I,II <40% �55 SR >120 Yes/No

MADIT CRT 1800 I,II <30% Not specified SR >130 ms Yes

RAFT       1800 II,III <30% >60 SR/AF >130; �200 * Yes

BLOCK-HF 691 I,II,IIII <50% Not specified SR/AF Any Yes/No

Echo-CRT 821 III,IV �35% Not specified SR ≤130 & Dys Yes

BLOCK-HF 791 I-III �50% Not specified  SR / AF No criteria Yes/ no

BIOPACE 1810 No Not SPecified Not specified SR / AF No criteria No

# 10 000 patients included in the RCTs
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• Symptomatische Verbesserung der Herzinsuffizienz

• Verbesserung der Lebensqualität 

• Verbesserung des LV-Reverse-Remodelings

• Reduktion der Hospitalisationen aufgrund HI

• Mortalitätsreduktion
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Sipahi. Arch Intern Med 2011;171: 1454-62; 

QRS duration as a predictor of CRT response

Sipahi. Arch Intern Med 2011;171: 1454-62; 

QRS duration as a predictor of CRT responseQRS-Breite entscheidend für Erfolg

Sipahi, Arch Int Med 2011; 171:1454-62
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Figure 2.
Effect of Cardiac Resynchronization Therapy on Composite Clinical Events in patients with
LBBB (total n = 3,949, I2 = 72.7%, random effects model).
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Figure 3.
Effect of Cardiac Resynchronization Therapy on Composite Clinical Events in patients with
non-LBBB morphology (total n = 1,232, I2 = 0%, fixed effect model).
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QRS-Morphologie entscheidend für Erfolg

Sipahi, Am Heart J 2012; 163:260-7
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rated at the time of enrollment, and the separa-
tion was maintained (Fig. S1 in the Supplementary 
Appendix).

The unadjusted and adjusted hazard ratios for 
death from any cause and for a nonfatal heart-
failure event among patients with and those 
without left bundle-branch block are shown in 
Table 2. For the primary analysis of death from 
any cause, the adjusted hazard ratio of 0.59 in-
dicated that there was a 41% reduction in the 
long-term risk of death among patients with left 
bundle-branch block who were randomly as-

signed to CRT-D therapy, as compared with those 
randomly assigned to ICD therapy alone. For the 
secondary end point of a nonfatal heart-failure 
event, the adjusted hazard ratio of 0.38 indicated 
a reduction in risk of 62% with CRT-D (Table 2).

The effects of CRT-D therapy on mortality 
among patients with left bundle-branch block in 
seven prespecified subgroups are shown in Fig-
ure 3. The survival benefit with CRT-D was con-
sistent in each subgroup analyzed, including pa-
tients with ischemic cardiomyopathy and those 
with nonischemic cardiomyopathy, men and 
women, and patients with a longer QRS duration 
(≥150 msec) and those with a shorter QRS dura-
tion (<150 msec); there were no significant treat-
ment-by-subgroup interactions. The survival ben-
efit provided by CRT-D in patients with left 
bundle-branch block was independent of the 
QRS duration, even when the QRS duration was 
further categorized into quartiles (Fig. S2 in the 
Supplementary Appendix).

CRT-d IN PATIENTS WITHOUT LEFT BUNDLE-BRANCH 
BLOCK

Among patients without left bundle-branch block, 
Kaplan–Meier survival analysis did not show a 
significant difference between the two treatment 
groups in the cumulative probability of death 
from any cause during the period from enrollment 
through 7 years of follow-up (P = 0.21 by the log-
rank test without adjustment) (Fig. 2B). Similarly, 
the cumulative probability of a nonfatal heart-
failure event during 7 years of follow-up did not 
differ significantly between the ICD-only group 
and the CRT-D group (P = 0.58 by the log-rank 
test without adjustment) (Fig. S3 in the Supple-
mentary Appendix).

Cox proportional-hazards regression model-
ing consistently showed a lack of benefit associ-
ated with CRT-D in patients without left bundle-
branch block, with a trend toward an increased 
risk of death observed only after multivariate 
adjustment (Table 2). The differential effect of 
CRT-D on outcomes according to QRS morpho-
logic findings was significant for all end points 
(P<0.05 for interaction of treatment with QRS 
morphologic findings, in unadjusted and adjusted 
analyses) (Table 2). The lack of a survival benefit 
associated with CRT-D in patients without left 
bundle-branch block was consistent among those 
with a longer QRS duration (≥150 msec) or a 
shorter QRS duration (<150 msec), and among 
patients with QRS morphologic findings show-

Pr
ob

ab
ili

ty
 o

f D
ea

th

0.00
0 1 2 3 4 5 7

Follow-up (yr)

B Patients without Left Bundle-Branch Block

A Patients with Left Bundle-Branch Block

P=0.002

No. at Risk
ICD only
CRT-D

520
761

488
734

463
714

40
636

326
527

254
425

41
70

6

94
157

0.30

0.20

0.25

0.15

0.10

0.05

0.00
0 1 2 3 4 5 76

ICD only

CRT-D

0.35
0.30

0.20
0.25

0.15
0.10
0.05
0.00

0 1 2 3 4 5 76

CRT-D

ICD only

Pr
ob

ab
ili

ty
 o

f D
ea

th

0.80

0.40

0.60

1.00

0.20

0.10

0.30

0.50

0.70

0.90

0.80

0.40

0.60

1.00

0.20

0.10

0.30

0.50

0.70

0.90

0.00
0 1 2 3 4 5 7

Follow-up (yr)

P=0.205

No. at Risk
ICD only
CRT-D

209
328

197
312

189
292

156
240

115
182

95
136

10
13

6

24
39

Figure 2. Kaplan–Meier Estimates of the Cumulative Probability of Death 
from Any Cause among Patients with and Those without Left Bundle-
Branch Block.

CRT-D denotes cardiac-resynchronization therapy with defibrillator, and 
ICD implantable cardioverter–defibrillator. The insets show the same data 
on an enlarged y axis.
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rated at the time of enrollment, and the separa-
tion was maintained (Fig. S1 in the Supplementary 
Appendix).

The unadjusted and adjusted hazard ratios for 
death from any cause and for a nonfatal heart-
failure event among patients with and those 
without left bundle-branch block are shown in 
Table 2. For the primary analysis of death from 
any cause, the adjusted hazard ratio of 0.59 in-
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long-term risk of death among patients with left 
bundle-branch block who were randomly as-
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randomly assigned to ICD therapy alone. For the 
secondary end point of a nonfatal heart-failure 
event, the adjusted hazard ratio of 0.38 indicated 
a reduction in risk of 62% with CRT-D (Table 2).
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seven prespecified subgroups are shown in Fig-
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sistent in each subgroup analyzed, including pa-
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(≥150 msec) and those with a shorter QRS dura-
tion (<150 msec); there were no significant treat-
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through 7 years of follow-up (P = 0.21 by the log-
rank test without adjustment) (Fig. 2B). Similarly, 
the cumulative probability of a nonfatal heart-
failure event during 7 years of follow-up did not 
differ significantly between the ICD-only group 
and the CRT-D group (P = 0.58 by the log-rank 
test without adjustment) (Fig. S3 in the Supple-
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Cox proportional-hazards regression model-
ing consistently showed a lack of benefit associ-
ated with CRT-D in patients without left bundle-
branch block, with a trend toward an increased 
risk of death observed only after multivariate 
adjustment (Table 2). The differential effect of 
CRT-D on outcomes according to QRS morpho-
logic findings was significant for all end points 
(P<0.05 for interaction of treatment with QRS 
morphologic findings, in unadjusted and adjusted 
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shorter QRS duration (<150 msec), and among 
patients with QRS morphologic findings show-

Pr
ob

ab
ili

ty
 o

f D
ea

th

0.00
0 1 2 3 4 5 7

Follow-up (yr)

B Patients without Left Bundle-Branch Block

A Patients with Left Bundle-Branch Block

P=0.002

No. at Risk
ICD only
CRT-D

520
761

488
734

463
714

40
636

326
527

254
425

41
70

6

94
157

0.30

0.20

0.25

0.15

0.10

0.05

0.00
0 1 2 3 4 5 76

ICD only

CRT-D

0.35
0.30

0.20
0.25

0.15
0.10
0.05
0.00

0 1 2 3 4 5 76

CRT-D

ICD only

Pr
ob

ab
ili

ty
 o

f D
ea

th

0.80

0.40

0.60

1.00

0.20

0.10

0.30

0.50

0.70

0.90

0.80

0.40

0.60

1.00

0.20

0.10

0.30

0.50

0.70

0.90

0.00
0 1 2 3 4 5 7

Follow-up (yr)

P=0.205

No. at Risk
ICD only
CRT-D

209
328

197
312

189
292

156
240

115
182

95
136

10
13

6

24
39

Figure 2. Kaplan–Meier Estimates of the Cumulative Probability of Death 
from Any Cause among Patients with and Those without Left Bundle-
Branch Block.

CRT-D denotes cardiac-resynchronization therapy with defibrillator, and 
ICD implantable cardioverter–defibrillator. The insets show the same data 
on an enlarged y axis.
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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
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BACKGROUND
Right ventricular pacing restores an adequate heart rate in patients with atrioven-
tricular block, but high percentages of right ventricular apical pacing may promote 
left ventricular systolic dysfunction. We evaluated whether biventricular pacing 
might reduce mortality, morbidity, and adverse left ventricular remodeling in such 
patients.

METHODS
We enrolled patients who had indications for pacing with atrioventricular block; 
New York Heart Association (NYHA) class I, II, or III heart failure; and a left ven-
tricular ejection fraction of 50% or less. Patients received a cardiac-resynchroniza-
tion pacemaker or implantable cardioverter–defibrillator (ICD) (the latter if the 
patient had an indication for defibrillation therapy) and were randomly assigned to 
standard right ventricular pacing or biventricular pacing. The primary outcome was 
the time to death from any cause, an urgent care visit for heart failure that required 
intravenous therapy, or a 15% or more increase in the left ventricular end-systolic 
volume index.

RESULTS
Of 918 patients enrolled, 691 underwent randomization and were followed for an 
average of 37 months. The primary outcome occurred in 190 of 342 patients (55.6%) 
in the right-ventricular-pacing group, as compared with 160 of 349 (45.8%) in the 
biventricular-pacing group. Patients randomly assigned to biventricular pacing had 
a significantly lower incidence of the primary outcome over time than did those 
assigned to right ventricular pacing (hazard ratio, 0.74; 95% credible interval, 0.60 to 
0.90); results were similar in the pacemaker and ICD groups. Left ventricular lead–
related complications occurred in 6.4% of patients.

CONCLUSIONS
Biventricular pacing was superior to conventional right ventricular pacing in patients 
with atrioventricular block and left ventricular systolic dysfunction with NYHA 
class I, II, or III heart failure. (Funded by Medtronic; BLOCK HF ClinicalTrials.gov 
number, NCT00267098.)
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were randomly assigned to biventricular pacing 
than among those assigned to right ventricular 
pacing (Fig. 2), with similar results in the pace-
maker and ICD groups. Sensitivity analyses that 
included censored data yielded similar findings.

The number of patients who had a primary 
outcome event and the number who had a second-
ary outcome event are shown in Table 2, along 

with the corresponding hazard ratios. Among 
patients who reached the end point for the left 
ventricular end-systolic volume index, the index 
increased by an average of 35.3%, from 56.1 to 
74.5 ml per square meter of body-surface area. 
With the left ventricular end-systolic volume in-
dex removed from the analysis of the primary 
outcome, the hazard ratio for death from any 

Table 1. Baseline Clinical and Demographic Characteristics of Patients Who Underwent Randomization.*

Characteristic Pacemaker (N = 484) ICD (N = 207) All Patients (N = 691)

Biventricular  
Pacing

(N = 243)

Right Ventricular  
Pacing

(N = 241)

Biventricular  
Pacing

(N = 106)

Right Ventricular  
Pacing

(N = 101)

Biventricular  
Pacing

(N = 349)

Right Ventricular  
Pacing

(N = 342)

Male sex — no. (%) 181 (74.5) 168 (69.7) 87 (82.1) 81 (80.2) 268 (76.8) 249 (72.8)

Age — yr 74.4±10.2 73.8±10.8 72.0±9.3 71.0±10.0 73.7±10.0 73.0±10.6

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

Left ventricular ejection fraction >35% 
— no. (%)

213 (87.7) 215 (89.2) 30 (28.3) 25 (24.8) 243 (69.6) 240 (70.2)

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

NYHA class — no. (%)†

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

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

III 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) 150 (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) 133 (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)

* Plus–minus values are means ±SD. There were no significant differences between the randomized groups in any of the demographic or clinical 
characteristics. CAD denotes coronary artery disease, ICD implantable cardioverter–defibrillator, and NYHA New York Heart Association.

† Data were missing for 1 patient in the biventricular-pacing group who received a pacemaker.
‡ Cardiomyopathy was recorded at the time of enrollment. The case-report form instructed the study site to check cardiomyopathy if it was known 

as part of the patient’s medical history and, if so, to check the primary cause (ischemic, nonischemic, unknown, or other). Several patients 
had more than one type of cardiomyopathy identified. Cardiomyopathy was not identified for 102 patients in the biventricular-pacing group 
(92 patients with a pacemaker and 10 with an ICD) and for 87 in the right-ventricular-pacing group (75 with a pacemaker and 12 with an ICD).

§ One patient in the right-ventricular-pacing group who received a pacemaker did not have a sufficiently high degree of atrioventricular block to 
satisfy the inclusion criteria and was incorrectly randomly assigned to a study group and underwent implantation.
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Table 2. Primary and Secondary Outcomes.

Outcome Pacemaker (N = 484) ICD (N = 207) Hazard Ratio (95% CI)*

Posterior  
Probability of  

Hazard Ratio <1†

Biventricular 
Pacing

(N = 243)

Right Ventricular 
Pacing

(N = 241)

Biventricular 
Pacing

(N = 106)

Right Ventricular 
Pacing

(N = 101)
Pacemaker
(N = 484)

ICD
(N = 207)

All Patients
(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) 0.9978

Event related to left ventricular end-systolic 
volume index

56 79 31 36

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) 0.9970

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) 0.9802

Death 52 64 23 26 0.83 (0.59–1.17) 0.84 (0.55–1.28) 0.83 (0.61–1.14) 0.8588

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) 0.9922

* The hazard ratios reflect the comparison of biventricular pacing with right ventricular pacing for the listed outcome. The Bayesian hierarchical model allowed for the hazard ratios for the 
comparison of biventricular pacing with right ventricular pacing in the two device groups to differ. The model generated the hazard ratio for each device group, and the hazard ratio for 
all 691 patients is the overall hazard ratio for biventricular pacing, as compared with right ventricular pacing, derived with the use of a weighted average of estimates from the pacemaker 
and ICD groups. CI denotes credible interval.

† The posterior probability for each outcome corresponds to the hazard ratio for all patients.
‡ Data include outcome events that occurred after visits for which there were missing data on the left ventricular end-systolic volume index.
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Block-HF: Ergebnisse
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Primärer Endpunkt: Tod aufgrund HF, HF-
Hospitalisation oder Verschlechterung HF
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations Class Level
CRT is recommended for symptomatic patients with HF in SR with a QRS duration
≥150 ms and LBBB QRS morphology and with LVEF ≤35% despite OMT in order to
improve symptoms and reduce morbidity and mortality.

I A

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% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

I B

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration ≥150 ms and non-LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

IIa B

CRT may be considered for symptomatic patients with HF in SR with a QRS duration
of 130–149 ms and non-LBBB QRS morphology and with LVEF ≤35% despite OMT in
order to improve symptoms and reduce morbidity and mortality.

IIb B

Recommendations for cardiac resynchronization therapy implantation in 
patients with heart failure (1)

AF = atrial fibrillation; AV = atrio-ventricular; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter-defibrillator; LBBB = left
bundle branch block; LVEF = left ventricular ejection fraction; NYHA= New York Heart Association; OMT= optimal medical therapy (class I recommended medical therapies for at least 3 months); QRS =Q, R, and S 
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recommended medical therapies for at least 3 months); QRS =Q, R, and S waves (combination of three of the graphical deflections); RV = right ventricular; SR = sinus rhythm.
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Zusammenfassung Teil I

• Bei Pat. mit hochgradig eingeschränkter LV-EF (<=35%) und 
LSB ist die Resynchronisationstherapie eine etablierte und 
gute Therapie

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

• Das His-Bündel-Pacing könnte zukünftig eine Alternative zur 
Resynchronisations-Therapie werden
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BACKGROUND
Mortality and morbidity are higher among patients with atrial fibrillation and 
heart failure than among those with heart failure alone. Catheter ablation for 
atrial fibrillation has been proposed as a means of improving outcomes among 
patients with heart failure who are otherwise receiving appropriate treatment.

METHODS
We randomly assigned patients with symptomatic paroxysmal or persistent atrial 
fibrillation who did not have a response to antiarrhythmic drugs, had unaccept-
able side effects, or were unwilling to take these drugs to undergo either catheter 
ablation (179 patients) or medical therapy (rate or rhythm control) (184 patients) 
for atrial fibrillation in addition to guidelines-based therapy for heart failure. All 
the patients had New York Heart Association class II, III, or IV heart failure, a left 
ventricular ejection fraction of 35% or less, and an implanted defibrillator. The 
primary end point was a composite of death from any cause or hospitalization for 
worsening heart failure.

RESULTS
After a median follow-up of 37.8 months, the primary composite end point oc-
curred in significantly fewer patients in the ablation group than in the medical-
therapy group (51 patients [28.5%] vs. 82 patients [44.6%]; hazard ratio, 0.62; 95% 
confidence interval [CI], 0.43 to 0.87; P = 0.007). Significantly fewer patients in the 
ablation group died from any cause (24 [13.4%] vs. 46 [25.0%]; hazard ratio, 0.53; 
95% CI, 0.32 to 0.86; P = 0.01), were hospitalized for worsening heart failure (37 
[20.7%] vs. 66 [35.9%]; hazard ratio, 0.56; 95% CI, 0.37 to 0.83; P = 0.004), or died 
from cardiovascular causes (20 [11.2%] vs. 41 [22.3%]; hazard ratio, 0.49; 95% CI, 
0.29 to 0.84; P = 0.009).

CONCLUSIONS
Catheter ablation for atrial fibrillation in patients with heart failure was associ-
ated with a significantly lower rate of a composite end point of death from any 
cause or hospitalization for worsening heart failure than was medical therapy. 
(Funded by Biotronik; CASTLE-AF ClinicalTrials.gov number, NCT00643188.)
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Patientencharakteristika
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Characteristic Treatment Type

Ablation 
(N = 179)

Medical Therapy 
(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. (%)
I 20/174 (11) 19/179 (11)
II 101/174 (58) 109/179 (61)
III 50/174 (29) 49/179 (27)
IV 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 31.5
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)

Indication for ICD implantation — no. (%)
Primary prevention 160 (89) 163 (89)
Secondary prevention 19 (11) 21 (11)

History of amiodarone use — no./total no. (%)¶
Failure 78/175 (45) 82/176 (47)
Unacceptable side effects 21/175 (12) 24/176 (14)
Nonuse 76/175 (43) 70/176 (40)

*  Baseline evaluation was performed after the run-in period, which continued for 5 weeks after enrollment. 
Characteristics at the time of enrollment are shown in Table S1 (for patients who reached the baseline evaluation and 
were included in the primary analysis) and Table S2 (for patients who underwent randomization), medications at base-
line and last follow-up in Table S3, and additional baseline characteristics in Table S4, all in the Supplementary 
Appendix. CRT-D denotes cardiac resynchronization therapy defibrillator and ICD implantable cardioverter–defibrillator.

†  Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  There was a significant difference between the two groups regarding the cause of heart failure (P = 0.022).
§  In all the patients, devices were implanted before enrollment.
¶  Data on the history of use of more than one antiarrhythmic agent were not collected. Failure indicates recurrence of 

atrial fibrillation despite receipt of a therapeutic dose, and nonuse indicates patient unwillingness to take the drug ow-
ing to concern about possible side effects or contraindications as explained by the physician.

Table 1. Characteristics of the Patients at Baseline.*
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Baseline Characteristics-CASTLE AF 

Ablation group 
(179 patients) 

Conventional group 
(184 patients) 

   ACE-inhibitor or ARB – no. (%) 94 91 

   Beta-blocker – no. (%) 93 95 

   Diuretic – no. (%) 93 93 

   Digitalis – no. (%) 18 31 

   Oral anticoagulant  – no. (%) 93 96 

   Antiarrhythmic drug – no. (%) 32 30 

      Amiodarone – no. (%) 97 85 

Marrouche NF et al. N Engl J Med 2018;378:417-427
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Results-CASTLE AF 
AF Burden Derived from Memory of Implanted Devices 
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had actually undergone ablation and who were 
followed for up to 60 months was 50.0% (75 of 
151 patients), with an average of 1.3±0.5 ablation 
procedures per treated patient. The atrial fibril-
lation burden is described in Tables S9 and S10 
and Figures S6 and S7 in the Supplementary 
Appendix.

Procedural Complications and Serious 
Adverse Events

Three patients in the ablation group had pericar-
dial effusion, and one of these patients required 
pericardiocentesis. Three patients had severe 
bleeding that required blood transfusion (with 
two bleeding episodes from femoral puncture 
sites and one pseudoaneurysm, which was cor-
rected surgically). Asymptomatic pulmonary-vein 
stenosis was diagnosed in one patient at follow-
up. Other complications and serious adverse 
events in the two trial groups are listed in Table 
S11 in the Supplementary Appendix.

Discussion

In the CASTLE-AF trial, we found that the use 
of ablation for atrial fibrillation in patients with 
heart failure was associated with a significantly 
lower rate of a composite of death and hospital-
ization for heart failure than medical therapy. 
We also found that there was a benefit in all-
cause mortality alone, which was driven by a 
significantly lower rate of cardiovascular death 
in the ablation group. Furthermore, catheter 
ablation reduced the burden of atrial fibrillation, 
increased the distance walked in 6 minutes, and 
improved the LVEF.

Several trials have reported improvements in 
soft end points with catheter ablation. In the 
PABA-CHF (Pulmonary Vein Antrum Isolation 

Figure 2. Kaplan–Meier Curves Comparing Survival 
Free of the Primary End Point (Death from Any Cause 
or Admission for Worsening Heart Failure) and Its  
Two Components in the Two Trial Groups.

Day 0 is the time of the baseline visit. Panel A shows 
the probability of freedom from death from any cause 
or admission for worsening heart failure, Panel B the 
probability of freedom from death from any cause, and 
Panel C the probability of freedom from admission for 
worsening heart failure.
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had actually undergone ablation and who were 
followed for up to 60 months was 50.0% (75 of 
151 patients), with an average of 1.3±0.5 ablation 
procedures per treated patient. The atrial fibril-
lation burden is described in Tables S9 and S10 
and Figures S6 and S7 in the Supplementary 
Appendix.
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two bleeding episodes from femoral puncture 
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stenosis was diagnosed in one patient at follow-
up. Other complications and serious adverse 
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Discussion

In the CASTLE-AF trial, we found that the use 
of ablation for atrial fibrillation in patients with 
heart failure was associated with a significantly 
lower rate of a composite of death and hospital-
ization for heart failure than medical therapy. 
We also found that there was a benefit in all-
cause mortality alone, which was driven by a 
significantly lower rate of cardiovascular death 
in the ablation group. Furthermore, catheter 
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increased the distance walked in 6 minutes, and 
improved the LVEF.

Several trials have reported improvements in 
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Free of the Primary End Point (Death from Any Cause 
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the probability of freedom from death from any cause 
or admission for worsening heart failure, Panel B the 
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had actually undergone ablation and who were 
followed for up to 60 months was 50.0% (75 of 
151 patients), with an average of 1.3±0.5 ablation 
procedures per treated patient. The atrial fibril-
lation burden is described in Tables S9 and S10 
and Figures S6 and S7 in the Supplementary 
Appendix.
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Three patients in the ablation group had pericar-
dial effusion, and one of these patients required 
pericardiocentesis. Three patients had severe 
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two bleeding episodes from femoral puncture 
sites and one pseudoaneurysm, which was cor-
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events in the two trial groups are listed in Table 
S11 in the Supplementary Appendix.
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In the CASTLE-AF trial, we found that the use 
of ablation for atrial fibrillation in patients with 
heart failure was associated with a significantly 
lower rate of a composite of death and hospital-
ization for heart failure than medical therapy. 
We also found that there was a benefit in all-
cause mortality alone, which was driven by a 
significantly lower rate of cardiovascular death 
in the ablation group. Furthermore, catheter 
ablation reduced the burden of atrial fibrillation, 
increased the distance walked in 6 minutes, and 
improved the LVEF.
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Figure 2. Kaplan–Meier Curves Comparing Survival 
Free of the Primary End Point (Death from Any Cause 
or Admission for Worsening Heart Failure) and Its  
Two Components in the Two Trial Groups.

Day 0 is the time of the baseline visit. Panel A shows 
the probability of freedom from death from any cause 
or admission for worsening heart failure, Panel B the 
probability of freedom from death from any cause, and 
Panel C the probability of freedom from admission for 
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Hazard ratio, 0.62 (95% CI, 0.43–0.87)
P=0.007 by Cox regression
P=0.006 by log-rank test

No. at Risk
Ablation
Medical therapy

179
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114
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70

58
48

22
12
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Medical therapy
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Hazard ratio, 0.53 (95% CI, 0.32–0.86)
P=0.01 by Cox regression
P=0.009 by log-rank test

No. at Risk
Ablation
Medical therapy

179
184

154
168

130
138

94
97

71
63

27
19

Ablation

Medical therapy

C Hospitalization for Worsening Heart Failure
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Hazard ratio, 0.56 (95% CI, 0.37–0.83)
P=0.004 by Cox regression
P=0.004 by log-rank test

No. at Risk
Ablation
Medical therapy

179
184

141
145

114
111

76
70

58
48

22
12

Ablation

Medical therapy
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Management of atrial fibrillation
in patients with heart failure

AF = atrial fibrillation; AVN = atrioventricular node; ECV = electrical cardioversion;
HF = heart failure; i.v. = intravenous; PV = pulmonary vein. 
Colour code for classes of recommendation: Green for Class of recommendation I;
Yellow for Class of recommendation IIa; Orange for Class of recommendation IIb; Red
for Class of recommendation III (see Table 1 for further details on classes of 
recommendation).
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Recommendations Class Level
CRT is recommended for symptomatic patients with HF in SR with a QRS duration
≥150 ms and LBBB QRS morphology and with LVEF ≤35% despite OMT in order to
improve symptoms and reduce morbidity and mortality.

I A

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% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

I B

CRT should be considered for symptomatic patients with HF in SR with a QRS
duration ≥150 ms and non-LBBB QRS morphology and with LVEF ≤35% despite
OMT in order to improve symptoms and reduce morbidity and mortality.

IIa B

CRT may be considered for symptomatic patients with HF in SR with a QRS duration
of 130–149 ms and non-LBBB QRS morphology and with LVEF ≤35% despite OMT in
order to improve symptoms and reduce morbidity and mortality.

IIb B

Recommendations for cardiac resynchronization therapy implantation in 
patients with heart failure (1)

AF = atrial fibrillation; AV = atrio-ventricular; CRT = cardiac resynchronization therapy; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; ICD = implantable cardioverter-defibrillator; LBBB = left
bundle branch block; LVEF = left ventricular ejection fraction; NYHA= New York Heart Association; OMT= optimal medical therapy (class I recommended medical therapies for at least 3 months); QRS =Q, R, and S 
waves (combination of three of the graphical deflections); RV = right ventricular; SR = sinus rhythm.



HFrEF – NYHA III- 82 J. Pat.in   
Fantatastischen Vier !
Betablocker 
MRI 

Sacubitril-Valsartan
SGLT II Hemmer 

Labor :
GFR 27,6ml/min 
K: 4,4
Nt Pro 3434 pg/ml
KG konstant –
keine ödeme

RR 130/80 mmHg. 



KHK mit Ria 100%  und ICD –dann AV Block III- Seit 2006  CRTD mit 
Grundfreq.60 /min-im DDDR Modus  

Hohes R in V1 mit RSB spricht für 
gute biventrikuläre Stimulation 



Hilft hier das Telemonitoring ? Ja 
Seit Ablation 2/22 keine erneute Atriale Tachykardie –

nt pro BNP halbiert – Az wieder gebessert.

V
T 

Vorhofflattern 

Nach 
Flatterablat
ion 

22.9.22



§ 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 
für Mortalität und Rehospitalisierung verbunden zu sein

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

Zusammenfassung Teil II



Vielen Dank !


