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BACKGROUND
The role of catheter ablation in patients with symptomatic atrial fibrillation and end-
stage heart failure is unknown.

METHODS
We conducted a single-center, open-label trial in Germany that involved patients with 
symptomatic atrial fibrillation and end-stage heart failure who were referred for heart 
transplantation evaluation. Patients were assigned to receive catheter ablation and 
guideline-directed medical therapy or medical therapy alone. The primary end point 
was a composite of death from any cause, implantation of a left ventricular assist 
device, or urgent heart transplantation.

RESULTS
A total of 97 patients were assigned to the ablation group and 97 to the medical-
therapy group. The trial was stopped for efficacy by the data and safety monitoring 
board 1 year after randomization was completed. Catheter ablation was performed 
in 81 of 97 patients (84%) in the ablation group and in 16 of 97 patients (16%) in the 
medical-therapy group. After a median follow-up of 18.0 months (interquartile range, 
14.6 to 22.6), a primary end-point event had occurred in 8 patients (8%) in the abla-
tion group and in 29 patients (30%) in the medical-therapy group (hazard ratio, 0.24; 
95% confidence interval [CI], 0.11 to 0.52; P<0.001). Death from any cause occurred 
in 6 patients (6%) in the ablation group and in 19 patients (20%) in the medical-
therapy group (hazard ratio, 0.29; 95% CI, 0.12 to 0.72). Procedure-related compli-
cations occurred in 3 patients in the ablation group and in 1 patient in the medical-
therapy group.

CONCLUSIONS
Among patients with atrial fibrillation and end-stage heart failure, the combination 
of catheter ablation and guideline-directed medical therapy was associated with a 
lower likelihood of a composite of death from any cause, implantation of a left ven-
tricular assist device, or urgent heart transplantation than medical therapy alone. 
(Funded by Else Kröner-Fresenius-Stiftung; CASTLE-HTx ClinicalTrials.gov number, 
NCT04649801.)
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In patients with advanced end-stage 
heart failure, timely referrals for heart trans-
plantation and implantation of a left ventricu-

lar assist device are essential to achieve favorable 
outcomes. Patients with heart failure and symp-
tomatic atrial fibrillation who undergo catheter 
ablation have a lower likelihood of death or wors-
ening heart failure than those who do not.1-4 Data 
from prospective randomized trials on the effec-
tiveness of catheter ablation in improving these 
outcomes in patients with end-stage heart failure 
are lacking, and professional society guidelines 
do not provide recommendations regarding the 
appropriate strategy to manage atrial fibrillation 
in these patients. We conducted the randomized 
CASTLE-HTx (Catheter Ablation for Atrial Fibril-
lation in Patients with End-Stage Heart Failure and 
Eligibility for Heart Transplantation) trial to assess 
the safety and efficacy of catheter ablation in pa-
tients with end-stage heart failure and symptom-
atic atrial fibrillation who were referred to our 
center for evaluation for heart transplantation or 
implantation of a left ventricular assist device.

Me thods

Trial Design and Oversight

CASTLE-HTx was a single-center, open-label, in-
vestigator-initiated, superiority, randomized clini-
cal trial. The rationale for and design of the trial 
have been published previously.5 This trial was 
conducted at Herz- und Diabeteszentrum Nor-
drhein-Westfalen (Bad Oeynhausen, Germany), a 
referral center for heart transplantation with an 
annual volume of approximately 80 transplanta-
tions and a total volume of approximately 3000 
since 1989.6 The trial was supported by an unre-
stricted educational grant from Else Kröner-
Fresenius-Stiftung, a foundation that had no role 
in the design or execution of the trial or in the 
preparation of the manuscript. The German health 
insurance system covered all costs related to cath-
eter ablation, including materials.

Investigators who were affiliated with Herz- 
und Diabeteszentrum Nordrhein-Westfalen, Ruhr-
Universität Bochum, designed the trial, collected 
and managed the data, and performed the sta-
tistical analyses (see the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). The trial was approved by the institu-
tional review board at Ruhr-Universität Bochum, 
and all the patients provided written informed 

consent. An independent data and safety monitor-
ing board oversaw the trial and reviewed accumu-
lated trial outcomes to safeguard the well-being of 
the patients. The authors had unrestricted access 
to the data and vouch for the accuracy and com-
pleteness of the data and for the fidelity of the 
trial to the protocol, which is available at NEJM 
.org. The first author made the decision to submit 
the manuscript for publication.

Patients

Patients with end-stage heart failure and symptom-
atic atrial fibrillation who were referred for assess-
ment of eligibility for heart transplantation or im-
plantation of a left ventricular assist device with 
the use of the International Society for Heart and 
Lung Transplantation listing criteria and the posi-
tion statement of the Heart Failure Association of 
the European Society of Cardiology were screened 
for inclusion in the trial.7,8 To be eligible for en-
rollment, patients had to have symptomatic atrial 
fibrillation, New York Heart Association class II 
or higher heart failure, a left ventricular ejection 
fraction of 35% or less, and impaired functional 
capacity, as assessed with the use of the 6-min-
ute walk test. At the time of randomization, all 
the patients had to be in a clinically stable con-
dition. In addition, all the patients had an im-
plantable cardiac device with activated arrhyth-
mia detection allowing for continuous rhythm 
monitoring to ensure prompt management of 
rhythm or rate in the event of arrhythmia recur-
rence. Details on the representativeness of trial 
patients are provided in Table S1, and a complete 
list of enrollment inclusion and exclusion criteria 
is provided in Table S2.

Randomization

The investigational site scheduled the date for 
enrollment and baseline testing after verifying the 
inclusion and exclusion criteria and documenting 
demographic data and medical history. Patients 
were randomly assigned in a 1:1 ratio to receive 
either catheter ablation and guideline-directed 
medical therapy or medical therapy alone. Ran-
domization was performed by means of computed 
block randomization.

Interventions

Patients who presented with symptomatic atrial 
fibrillation who were assigned to the ablation 
group underwent direct current cardioversion af-
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ter the transseptal puncture. If this was not suc-
cessful, the catheter-ablation procedure was start-
ed with the patient in atrial fibrillation, and 
direct-current cardioversion was attempted after 
ablation around the pulmonary veins. The aim 
was to achieve electrical isolation of all pulmo-
nary veins and to restore sinus rhythm. Ablation 
beyond the pulmonary veins was performed at the 
discretion of the operators. If atrial fibrillation 
recurred in patients assigned to the ablation group, 
additional ablation procedures were recommend-
ed on the basis of clinical judgment. All catheter-
ablation procedures were performed by two 
operators who had performed at least 400 such 
procedures. Antiarrhythmic medication for atrial 
fibrillation was discontinued after ablation and 
could be reinitiated in case of an arrhythmia re-
currence at the discretion of the treating physician.

Patients who were assigned to receive medical 
therapy only for atrial fibrillation were treated in 
accordance with the guidelines of American Heart 
Association–American College of Cardiology–
Heart Rhythm Society and the European Society 
of Cardiology, available at the time of initiation of 
the trial.9,10 The recommendation was to maintain 
the patient in sinus rhythm and to maintain heart-
rate control.1

Follow-up

Clinical follow-up visits were scheduled for pa-
tients every 3 months for the first year and then 
annually thereafter. At the follow-up visits, pa-
tients underwent echocardiography, implanted 
devices were interrogated, patients were inter-
viewed by their physician on heart-failure status 
and arrhythmia symptoms, and adverse events 
were documented. Data that were available by 
May 16, 2023, were assessed in all the patients.

Trial End Points

The primary end point was a composite of death 
from any cause, implantation of a left ventricular 
assist device, or urgent heart transplantation. The 
secondary end points included the components of 
the primary end point, death from cardiovascular 
causes, the left ventricular ejection fraction, and 
the atrial fibrillation burden at 6 and 12 months 
(Table S4).

The cumulative duration of all atrial arrhyth-
mia episodes, expressed as a percentage of total 
time in the 3 months preceding the visit, was used 

to calculate the atrial fibrillation burden. At 12 
months, patients were classified as having per-
sistent atrial fibrillation if they had any epi-
sodes of uninterrupted atrial fibrillation for at 
least 7 days during the previous 3 months or had 
undergone electrical cardioversion during that 
period. Patients were classified as being in sinus 
rhythm if they were without any episodes of atrial 
fibrillation lasting 30 seconds or more during the 
previous 3 months. All other patients were clas-
sified as having paroxysmal atrial fibrillation.

Statistical Analysis

Under the assumption of an annualized event 
rate of 20% in the medical-therapy group and a 
hazard ratio for a primary end-point event in the 
ablation group of 0.50, we calculated that a sam-
ple of 194 patients would provide the trial with 
80% power at a two-sided alpha level of 0.05. The 
trial was designed to test whether immediate 
catheter ablation and medical therapy would be 
superior to medical therapy alone with respect to 
the cumulative incidence of primary end-point 
events at 3 years. The original plan for analysis 
of the primary end point was to analyze the 
3-year incidence data for the primary end point 
with the use of the log-rank test. On May 3, 2023, 
approximately 1 year after enrollment was com-
pleted, the data and safety monitoring board 
reviewed the outcomes and recommended im-
mediate cessation of the protocol-mandated 
medical-therapy group, having observed an un-
expectedly large difference in the primary end-
point results favoring ablation, with a (post hoc) 
P value of less than 0.001, which complied with 
the Haybittle–Peto rule. The trial leadership ac-
cepted this recommendation, which was imple-
mented on May 16, 2023. Through an amendment 
to the protocol, the decision regarding whether 
to recommend catheter ablation was at the dis-
cretion of the cardiologist caring for the patient. 
Clinical follow-up of all the patients was man-
dated for at least 3 years after the last patient 
had undergone randomization. The protocol 
amendment also stipulated that the primary end 
point be analyzed with follow-up censoring by 
the end of the day on May 15, 2023.

The analysis of the primary and secondary 
end points was conducted according to the inten-
tion-to-treat principle. Cox proportional-hazards 
modeling was used to generate hazard ratios and 
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Ablation 
Group 

(N = 97)

Medical-Therapy 
Group 

(N = 97)

Age — yr 62±12 65±10

Male sex — no. (%) 85 (88) 72 (74)

Body-mass index† 28±4 28±5

NYHA functional class — no. (%)‡

II 33 (34) 28 (29)

III 52 (54) 54 (56)

IV 12 (12) 15 (15)

Left ventricular ejection fraction — % 29±6 25±6

Type of atrial fibrillation — no. (%)

Paroxysmal 28 (29) 31 (32)

Persistent 54 (56) 54 (56)

Long-standing persistent: duration of >1 yr 15 (15) 12 (12)

Duration of atrial fibrillation — yr 4±5 3±4

History of cardioversion — no. (%) 64 (66) 62 (64)

Heart rate — beats/min 80±21 82±20

Cause of heart failure — no. (%)

Ischemic 37 (38) 39 (40)

Nonischemic 60 (62) 58 (60)

Left atrial diameter — mm 49±6 48±8

Diabetes mellitus — no. (%) 25 (26) 31 (32)

Implantable cardiac device — no. (%)

ICD 57 (59) 52 (54)

CRT-D 35 (36) 38 (39)

Rhythm monitor 3 (3) 4 (4)

Pacemaker 2 (2) 3 (3)

N-terminal pro-BNP level

No. of patients evaluated (%) 46 (47) 52 (54)

Value — pg/ml 3852±3261 4461±5191

6-Min walk test

Test performed — no. (%) 26 (27) 24 (25)

Distance — m 308±69 299±66

Test not feasible — no. (%) 71 (73) 73 (75)

Medications — no. (%)

Amiodarone 44 (45) 46 (47)

Beta-blocker 93 (96) 91 (94)

Diuretic 71 (73) 76 (78)

ACE inhibitor or ARB 31 (32) 40 (41)

MRA 45 (46) 53 (55)

Sacubitril–valsartan 66 (68) 57 (59)

SGLT2 inhibitor 23 (24) 24 (25)

*	�Plus–minus values are means ±SD. Patients in the ablation group were assigned to receive catheter ablation and medi-
cal therapy, and those in the medical-therapy group were assigned to receive medical therapy alone. Baseline evaluation 
was performed before randomization. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, 
BNP B-type natriuretic peptide, CRT-D cardiac resynchronization therapy defibrillator, ICD implantable cardioverter– 
defibrillator, MRA mineralocorticoid-receptor antagonist, and SGLT2 sodium–glucose cotransporter 2.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�The New York Heart Association (NYHA) functional class ranges from I (no symptoms) to IV (symptoms at rest or on 

minimal activity).
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95% confidence intervals for the time-to-event 
analyses. For the end points that did not include 
death from any cause, the hazard ratios must be 
interpreted as cause-specific hazard ratios, with 
censoring of follow-up at the time of the com-
peting risk event of unrelated death. The incidence 
of end-point events over time was analyzed with 
the use of Kaplan–Meier curves. The proportion-
al-hazards assumption was not violated for the 
primary and secondary end-point analyses.

As of May 15, 2023, the primary end-point 
status of all randomly assigned patients was 
known, and follow-up censoring was applied. 
We evaluated changes at 6 and 12 months for 
the left ventricular ejection fraction and the 
atrial fibrillation burden by calculating the dif-
ference relative to baseline if both measure-
ments were available. Using the independent  
t-test, we determined 95% confidence intervals 
for between-group differences in mean change. 
For the primary end point, a two-sided log-rank 
P value was calculated. Because the trial protocol 
did not include a provision for correction for 
multiplicity, results for secondary end points are 
reported as point estimates with 95% confi-
dence intervals, without statistical testing. The 
widths of the confidence intervals have not been 
adjusted for multiplicity, so they should not be 
used to infer definitive treatment effects for 
secondary end points. Analyses were conducted 
with the use of SPSS Statistics software, version 
29 (IBM).

Figure 1. Cumulative Incidence of Trial End Points.

Patients in the ablation group were assigned to re-
ceive catheter ablation and medical therapy, and those 
in the medical-therapy group were assigned to receive 
medical therapy alone. The primary end point was a 
composite of death from any cause, implantation of a 
left ventricular assist device, or urgent heart trans-
plantation in the intention-to-treat population during 
the trial period (from the time of randomization to the 
end of the day on May 15, 2023). Panel A shows the 
results of the primary end-point analysis. The results 
for death from any cause are shown in Panel B, and 
the results for implantation of a left ventricular assist 
device are shown in Panel C. The insets show the 
same data on an enlarged y axis. Because the trial pro-
tocol did not include a provision for correction for 
multiplicity, statistical analyses of the secondary end 
points only include Kaplan–Meier curves and esti-
mates of the (cause-specific) hazard ratios together 
with their 95% confidence intervals.
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R esult s

Patients

From November 2020 through May 2022, a total 
of 97 patients were randomly assigned to the ab-
lation group and 97 to the medical-therapy group. 
The baseline characteristics of the two groups 
are shown in Table 1.

Ablation was performed in 81 of 97 patients 
(84%) in the ablation group and in 16 of 97 pa-
tients (16%) in the medical-therapy group (Table 
S3 and Fig. S1). Of the 97 patients assigned to 
the ablation group, 81 underwent ablation at a 
median of 20.0 days after randomization (inter-
quartile range, 2.0 to 55.5). Details of when 
catheter ablation was performed are provided in 
Figure S2. In the ablation group, 51 patients 
underwent pulmonary-vein isolation alone and 
30 patients underwent pulmonary-vein ablation 
as well as ablation of other areas. Nine patients 
(9%) underwent multiple catheter-ablation pro-
cedures. A total of 16 patients (16%) in the 
medical-therapy group underwent a catheter-
ablation procedure. There were 4 procedure-
related complications (in 3 patients in the ablation 
group and in 1 patient in the medical-therapy 
group), all of which were related to the vascular 
access site.

Primary End Point and Its Components
The median duration of follow-up was 18.0 months 
(interquartile range, 15.2 to 22.3) in the ablation 
group and 17.9 months (interquartile range, 
14.2 to 22.3) in the medical-therapy group (over-
all population, 18.0 months; interquartile range, 
14.6 to 22.6). A primary end-point event occurred 
in 8 patients (8%) in the ablation group and in 
29 patients (30%) in the medical-therapy group 
(hazard ratio, 0.24; 95% confidence interval [CI], 
0.11 to 0.52; P<0.001) (Fig. 1A and Table 2). Ka-
plan–Meier estimates of the cumulative incidence 
of primary end-point events at 1 and 2 years 
were 6% and 9%, respectively, in the ablation 
group and 28% and 31%, respectively, in the 
medical-therapy group.

Death from any cause occurred in 6 patients 
(6%) in the ablation group and in 19 patients 
(20%) in the medical-therapy group (hazard ratio, 
0.29; 95% CI, 0.12 to 0.72) (Fig. 1B and Table 2). 
Kaplan–Meier estimates of 1-year and 2-year cu-
mulative mortality were 4% and 6%, respectively, 
in the ablation group and 14% and 23%, respec-
tively, in the medical-therapy group. Five of the 
deaths in the medical-therapy group occurred 
after implantation of a left ventricular assist 
device or after heart transplantation; except for 
one death in each group, all deaths were attrib-

Table 2. Primary and Secondary End Points.

End Point

Ablation 
Group 

(N = 97)

Medical-Therapy 
Group 

(N = 97)
Hazard Ratio 

(95% CI)* P Value†

no. (%)

Primary end point‡ 8 (8) 29 (30) 0.24 (0.11 to 0.52) <0.001

Secondary end points

Death from any cause 6 (6) 19 (20) 0.29 (0.12 to 0.72)

Cardiovascular 5 (5) 18 (19) 0.25 (0.09 to 0.68)

Cerebrovascular 0 1 (1)

Cancer 1 (1) 0

Death after nonfatal primary end point 0 5 (5)

Implantation of left ventricular assist device 1 (1) 10 (10) 0.09 (0.01 to 0.70)

Urgent heart transplantation 1 (1) 6 (6) 0.15 (0.02 to 1.25)

*	�Because the trial protocol did not include a provision for correction for multiplicity, results for secondary end points are 
reported as point estimates with 95% confidence intervals, without further statistical testing. The widths of the confi-
dence intervals have not been adjusted for multiplicity, so they should not be used to infer definitive treatment effects 
for secondary end points.

†	�The P value was calculated from a two-sided log-rank test.
‡	�The primary end point is composite of death from any cause, implantation of a left ventricular assist device, or urgent 

heart transplantation.
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utable to a cardiovascular cause. A left ventricu-
lar assist device was implanted in 1 patient (1%) 
in the ablation group and in 10 patients (10%) in 
the medical-therapy group (cause-specific haz-
ard ratio, 0.09; 95% CI, 0.01 to 0.70) (Fig. 1C and 
Table 2). Urgent heart transplantation was per-
formed in 1 patient (1%) in the ablation group 
and in 6 patients (6%) in the medical-therapy 

group (cause-specific hazard ratio, 0.15; 95% CI, 
0.02 to 1.25) (Table 2). A subgroup analysis of 
the primary end point is provided in Table S5.

Other End Points

The improvement in the left ventricular ejection 
fraction and the reduction in the atrial fibrilla-
tion burden are presented in Table 3 and Table 

Table 3. Additional End Points.*

End Point
Ablation 
Group

Medical-Therapy 
Group

Mean Between-
Group Difference 

(95% CI)†

Left ventricular ejection fraction

At baseline

No. of patients evaluated 97 97

Value — % 29.0±6.4 27.7±6.3

At 6 mo

No. of patients evaluated 92 74

Baseline value — % 29.4±6.2 28.7±5.9

Value at 6 mo — % 36.2±8.7 29.9±7.1

Improvement — percentage points 6.7±6.5 1.2±6.4 5.5 (3.5 to 7.5)

At 12 mo

No. of patients evaluated 92 70

Baseline value — % 29.4±6.2 28.7±6.0

Value at 12 mo — % 37.2±9.1 30.1±8.0

Improvement — percentage points 7.8±7.6 1.4±7.2 6.4 (4.1 to 8.7)

Atrial fibrillation burden

At baseline

No. of patients evaluated 97 97

Value — % 50.2±31.9 49.3±34.4

At 6 mo

No. of patients evaluated 90 71

Baseline value — % 50.8±31.0 50.7±34.7

Value at 6 mo — % 20.0±28.3 42.4±35.2

Reduction — percentage points 30.8±33.3 8.3±25.2 22.5 (13.1 to 31.9)

At 12 mo

No. of patients evaluated 89 66

Baseline value — % 50.9±31.2 52.4±35.2

Value at 12 mo — % 19.6±28.0 43.7±36.2

Reduction — percentage points 31.4±33.3 8.6±26.3 22.7 (13.0 to 32.5)

*	�Plus–minus values are means ±SD.
†	�Values were calculated with unpaired t-test methods that applied the changes at 6 and 12 months relative to baseline. 

Because the trial protocol did not include a provision for correction for multiplicity, results for secondary end points are 
reported as point estimates with 95% confidence intervals, without further statistical testing. The widths of the confi-
dence intervals have not been adjusted for multiplicity, so they should not be used to infer definitive treatment effects 
for secondary end points.
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S6. In the ablation group, the left ventricular 
ejection fraction improved by a mean (±SD) of 
6.7±6.5 percentage points among 92 patients at 
6 months and 7.8±7.6 percentage points among 
92 patients at 12 months, as compared with 
1.2±6.4 percentage points among 74 patients at 
6 months and 1.4±7.2 percentage points among 
70 patients at 12 months in the medical-therapy 
group (mean between-group difference, 5.5 per-
centage points [95% CI, 3.5 to 7.5] at 6 months 
and 6.4 percentage points [95% CI, 4.1 to 8.7] at 
12 months). In the ablation group, the atrial 
fibrillation burden was reduced by a mean of 
30.8±33.3 percentage points in 90 patients at 6 
months and 31.4±33.3 percentage points in 89 
patients at 12 months, as compared with reduc-
tions of 8.3±25.2 percentage points in 71 patients 
at 6 months and 8.6±26.3 percentage points in 
66 patients at 12 months in the medical-therapy 
group (mean between-group difference, 22.5 per-
centage points [95% CI, 13.1 to 31.9] at 6 months 
and 22.7 percentage points [95% CI, 13.0 to 32.5] 
at 12 months). At 12 months, 54 of 97 patients 
(56%) in the ablation group were free of primary 
end-point events and not in persistent atrial fi-
brillation, as compared with 9 of 97 patients (9%) 

in the medical-therapy group. A total of 28 of 
97 patients (29%) in the ablation group and 55 
of 97 patients (57%) in the medical-therapy group 
were treated with amiodarone at 12 months 
(Table 4).

Discussion

In the CASTLE-HTx trial, we found that catheter 
ablation of atrial fibrillation plus medical thera-
py in patients with end-stage heart failure who 
were referred for transplantation evaluation was 
associated with a lower likelihood of a compos-
ite of death from any cause, implantation of a left 
ventricular assist device, or urgent heart trans-
plantation than medical therapy alone. Fewer 
deaths from any cause and implantations of a 
left ventricular assist device occurred among the 
patients who received catheter ablation than among 
those who received medical therapy alone. There 
were few, minor adverse events related to cath-
eter ablation.

Catheter ablation for patients with heart fail-
ure and atrial fibrillation has been shown to 
reduce arrhythmia burden, reverse left ventricu-
lar remodeling, and reduce mortality.1-3,11-13 The 
role of catheter ablation for atrial fibrillation for 
patients with end-stage heart failure is unknown 
because these patients have been excluded from 
major trials.1,3 Our trial suggests that in patients 
with atrial fibrillation and end-stage heart fail-
ure, catheter ablation may ameliorate the clinical 
course. Whether our findings are generalizable 
to patients with asymptomatic atrial fibrillation 
is unknown.14,15 Differences in the occurrence of 
primary end-point events between the trial groups 
appeared to emerge early and be sustained dur-
ing follow-up. However, consideration for catheter 
ablation should not postpone listing for trans-
plantation.

It has become evident that arrhythmia bur-
den is an important determinant of prognosis 
in patients with atrial fibrillation and heart 
failure.1,13,16,17 It also seemed important to reduce 
arrhythmia burden through catheter ablation since 
antiarrhythmic drugs may reduce the arrhythmia 
burden but not improve clinical outcomes.18-20 
Catheter ablation appeared more likely to revert 
persistent to paroxysmal atrial fibrillation and pre-
vent its progression than medical therapy (Ta-
ble 4). A recent trial supports the benefit of cath-
eter ablation over drug therapy for reducing the 

Table 4. Atrial Fibrillation Classification and Amiodarone Use at 12 Months.

Variable

Ablation 
Group 

(N = 97)

Medical-Therapy 
Group 

(N = 97)

number (percent)

Atrial fibrillation classification

Baseline

Persistent 69 (71) 66 (68)

Paroxysmal 28 (29) 31 (32)

12 mo

With primary end-point event 8 (8) 29 (30)

Without primary end-point event 89 (92) 68 (70)

Persistent 35 (36) 59 (61)

Paroxysmal 49 (51) 8 (8)

Sinus rhythm: no atrial fibrillation 5 (5) 1 (1)

Amiodarone use

Baseline: receiving amiodarone 44 (45) 46 (47)

12 mo

With primary end-point event 8 (8) 29 (30)

Without primary end-point event 89 (92) 68 (70)

Receiving amiodarone 28 (29) 55 (57)
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burden of atrial fibrillation.21 Appropriate timing 
of referral for consideration of catheter ablation 
may be challenging but may also result in less 
progression of heart failure, and the patient may 
still be amenable to interventions for advanced 
heart failure.7,22,23

Our trial has limitations. One limitation is 
that it was conducted at a single referral center. 
Another potential limitation is the early termi-
nation of the trial based on the recommendation 
of the data and safety monitoring board, and it 
is possible that the findings may have differed 
with longer-term follow-up. The open-label design 
might have influenced treatment decisions regard-
ing the components of the primary end point. 
However, these decisions were made without 
knowledge of the patient’s trial-group assignment 

during heart-team meetings. In addition, 16 pa-
tients in the medical-therapy group crossed over 
to undergo catheter ablation. However, because 
our analyses were reported on an intention-to-treat 
basis, this potentially may have decreased the 
treatment benefit associated with assignment to 
the ablation group.

In this trial involving patients with symptom-
atic atrial fibrillation and end-stage heart failure, 
catheter ablation plus medical therapy was as-
sociated with a lower likelihood of a composite 
of death from any cause, implantation of a left 
ventricular assist device, or urgent heart trans-
plantation than medical therapy alone.

Supported by Else Kröner-Fresenius-Stiftung.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.

Appendix
The authors’ affiliations are as follows: the Clinics for Electrophysiology (C.S., L.B., T.F., M.E.H., M.M., V.S., P.S.), Thoracic and Car-
diovascular Surgery (H.F., A.C.-J., R.S., J.G.), and General and Interventional Cardiology–Angiology (V.R.) and the Center for Interdis-
ciplinary Management of Advanced Heart Failure (H.F., A.C.J., R.S., J.G.), Herz- und Diabeteszentrum Nordrhein-Westfalen, Ruhr-
Universität Bochum, Bad Oeynhausen, the Department of Cardiology, Angiology, and Intensive Care Medicine, Charité Campus Mitte, 
German Heart Center of Charité–University Medicine Berlin (G.H.), and the Institute of Biometry and Clinical Epidemiology, Charité–
Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Humboldt-Universität zu Berlin (F.K.), Berlin, the Depart-
ment of Electrophysiology, Heart Center Leipzig, Leipzig (N.D.), and the Department of Cardiology and Angiology, University of Gies-
sen and Kerckhoff Heart Center, Bad Nauheim (S.S.) — all in Germany; the Cardiology Department, Tulane University School of 
Medicine, New Orleans (N.F.M.); and the Department of Cardiology and Cardiovascular Research Institute Maastricht, Maastricht 
University, Maastricht (H.J.G.M.C.), and the Department of Cardiology, Amsterdam University Medical Centers, University of Amster-
dam, Amsterdam (J.G.P.T.) — both in the Netherlands.

References
1.	 Marrouche NF, Brachmann J, Andre-
sen D, et al. Catheter ablation for atrial 
fibrillation with heart failure. N Engl J 
Med 2018;​378:​417-27.
2.	 Sohns C, Zintl K, Zhao Y, et al. Impact 
of left ventricular function and heart 
failure symptoms on outcomes post ab-
lation of atrial fibrillation in heart fail-
ure: CASTLE-AF Trial. Circ Arrhythm Elec-
trophysiol 2020;​13(10):​e008461.
3.	 Packer DL, Mark DB, Robb RA, et al. 
Effect of catheter ablation vs antiarrhyth-
mic drug therapy on mortality, stroke, 
bleeding, and cardiac arrest among pa-
tients with atrial fibrillation: the CABANA 
randomized clinical trial. JAMA 2019;​321:​
1261-74.
4.	 Prabhu S, Taylor AJ, Costello BT, et al. 
Catheter ablation versus medical rate con-
trol in atrial fibrillation and systolic dys-
function: the CAMERA-MRI study. J Am 
Coll Cardiol 2017;​70:​1949-61.
5.	 Sohns C, Marrouche NF, Costard-
Jäckle A, et al. Catheter ablation for atrial 
fibrillation in patients with end-stage 
heart failure and eligibility for heart 
transplantation. ESC Heart Fail 2021;​8:​
1666-74.

6.	 Gummert JF. Heart transplantation in 
Bad Oeynhausen, Germany: the heart trans-
plant program at the Heart and Diabetes 
Center Bad Oeynhausen, University Hos-
pital, Ruhr–University Bochum Universi-
ty, Germany. Eur Heart J 2017;​38:​3411-3.
7.	 Crespo-Leiro MG, Metra M, Lund LH, 
et al. Advanced heart failure: a position 
statement of the Heart Failure Associa-
tion of the European Society of Cardiolo-
gy. Eur J Heart Fail 2018;​20:​1505-35.
8.	 Mehra MR, Canter CE, Hannan MM, 
et al. The 2016 International Society for 
Heart Lung Transplantation listing crite-
ria for heart transplantation: a 10-year 
update. J Heart Lung Transplant 2016;​35:​
1-23.
9.	 January CT, Wann LS, Calkins H, et 
al. 2019 AHA/ACC/HRS focused update of 
the 2014 AHA/ACC/HRS guideline for the 
management of patients with atrial fibril-
lation: a report of the American College of 
Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines 
and the Heart Rhythm Society. J Am Coll 
Cardiol 2019;​74:​104-32.
10.	 Hindricks G, Potpara T, Dagres N, et 
al. 2020 ESC guidelines for the diagnosis 

and management of atrial fibrillation de-
veloped in collaboration with the Euro-
pean Association for Cardio-Thoracic Sur-
gery (EACTS): the task force for the 
diagnosis and management of atrial fi-
brillation of the European Society of Car-
diology (ESC) developed with the special 
contribution of the European Heart 
Rhythm Association (EHRA) of the ESC. 
Eur Heart J 2021;​42:​373-498.
11.	 Hsu L-F, Jaïs P, Sanders P, et al. Cath-
eter ablation for atrial fibrillation in con-
gestive heart failure. N Engl J Med 2004;​
351:​2373-83.
12.	Khan MN, Jaïs P, Cummings J, et al. 
Pulmonary-vein isolation for atrial fibril-
lation in patients with heart failure. N Engl 
J Med 2008;​359:​1778-85.
13.	 Brachmann J, Sohns C, Andresen D, 
et al. Atrial fibrillation burden and clinical 
outcomes in heart failure: the CASTLE-AF 
Trial. JACC Clin Electrophysiol 2021;​7:​594-
603.
14.	 Kirchhof P, Camm AJ, Goette A, et al. 
Early rhythm-control therapy in patients 
with atrial fibrillation. N Engl J Med 2020;​
383:​1305-16.
15.	 Willems S, Borof K, Brandes A, et al. 

The New England Journal of Medicine 
Downloaded from nejm.org by Diego Montes on August 28, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med﻿﻿  nejm.org﻿10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Systematic, early rhythm control strategy 
for atrial fibrillation in patients with or 
without symptoms: the EAST-AFNET 4 tri-
al. Eur Heart J 2022;​43:​1219-30.
16.	Körtl T, Stehle T, Riedl D, et al. Atrial 
fibrillation burden specifically deter-
mines human ventricular cellular  re-
modeling. JACC Clin Electrophysiol 2022;​
8:​1357-66.
17.	 Pabel S, Knierim M, Stehle T, et al. 
Effects of atrial fibrillation on the human 
ventricle. Circ Res 2022;​130:​994-1010.
18.	Wyse DG, Waldo AL, DiMarco JP, et 
al. A comparison of rate control and 

rhythm control in patients with atrial fi-
brillation. N Engl J Med 2002;​347:​1825-
33.
19.	 Torp-Pedersen C, Møller M, Bloch-
Thomsen PE, et al. Dofetilide in patients 
with congestive heart failure and left ven-
tricular dysfunction. N Engl J Med 1999;​
341:​857-65.
20.	 Zhao Y, Krupadev V, Dagher L, et al. 
Pharmacological rhythm versus rate con-
trol in patients with atrial fibrillation and 
heart failure: the CASTLE-AF trial. J In-
terv Card Electrophysiol 2021;​61:​609-15.
21.	 Andrade JG, Deyell MW, Macle L, et 

al. Progression of atrial fibrillation after 
cryoablation or drug therapy. N Engl J Med 
2023;​388:​105-16.
22.	Morris AA, Khazanie P, Drazner MH, 
et al. Guidance for timely and appropriate 
referral of patients with advanced heart 
failure: a scientific statement from the 
American Heart Association. Circulation 
2021;​144(15):​e238-e250.
23.	McDonagh TA, Metra M, Adamo M, et 
al. 2021 ESC guidelines for the diagnosis 
and treatment of acute and chronic heart 
failure. Eur Heart J 2021;​42:​3599-726.
Copyright © 2023 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by Diego Montes on August 28, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 


