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• Gerandomiseerde, 
prospectieve studie

• 4060 patienten  
• Leeftijd  >65 year
• 1 andere RF voor CVA
• FU gemiddelde 3,5jaar.  

'Ritme’ controle strategie geen betere overleving noch 
minder kans op beroerte, bloeding of cardiaal arrest noch 
op levenskwaliteit of functionele status, functional status

Is het wel zo belangrijk om te trachten het sinusritme te behouden? 

Het verhaal van CABANA begint in 2002 met de AFFIRM studie 



"In this analysis, the presence of sinusrhythm was associated with 
a considerable reduction in the risk of death". 

"Currently available AADs are not associated with improved 
survival, which suggests that any beneficial effect of AAD are 
offset by their adverse effects". 

AFFirm ‘on treatment’ Analysis Circulation 2004;109: 1509-1513

Dus het is het sinusritme dat prognose bepaalt en het onsuccesvol 
bereiken of behoud van sinusritme met anti-aritmische medicatie 
is de limitatie van de studie. 

Als er een meer efficiente methode zou bestaan om het sinusritme 
te behouden met minder neveneffecten zou dit harde eindpunten 
wel positief kunnen beinvloeden….  



CABANA studie  

• Investigator-initiated, multicenter, 
gerandomiseerde studie (126 centra in 10 
landen, november 2009-april 2016)

• 2204 AF patiënten (>65j, <65j + ≥1 CVA RF  
• Randomisatie in 2 groepen: ablatie-groep 

(N=1108) en medicatie-groep (N=1096)
• Primaire eindpunt: gemengd eindpunt van 

overlijden, CVA, bloeding of hartstilstand 



Hoofdvraag van CABANA 

Slaagt ablatie wel in dit 
opzet? 

De verwachting met ablatie 
minder AF, dus minder 

beroertes en betere 
overleving



Mooie balans in baseline karakteristieken, hoge burden van co-morbiditeiten
Table 1. Baseline Demographics and Clinical Characteristics

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Patients

Age, median (Q1, Q3), y 68 (62, 72) 67 (62, 72)

<65 375 (33.8) 391 (35.7)

65-<75 577 (52.1) 553 (50.5)

≥75 156 (14.1) 152 (13.9)

Sex

Male 695 (62.7) 690 (63.0)

Female 413 (37.3) 406 (37.0)

Racea

White 1018 (92.0) 1007 (92.1)

Black or African American 39 (3.5) 38 (3.5)

Otherb 50 (4.5) 48 (4.4)

Ethnicity

Hispanic or Latino 30 (2.7) 32 (2.9)

Not Hispanic or Latino 1074 (97.3) 1062 (97.1)

Body mass index,
median (Q1, Q3)c

30 (27, 34) 30 (26, 35)

AF severity (CCS class)d

0 (Least severe) 105 (9.5) 118 (10.8)

1 166 (15.1) 173 (15.9)

2 350 (31.8) 353 (32.4)

3 401 (36.5) 382 (35.0)

4 (Most severe) 78 (7.1) 65 (6.0)

Heart function severity
(NYHA class)e

I (Least severe) 153 (13.9) 126 (11.6)

II/III (Most severe) 376 (34.3) 400 (36.7)

Medical history

Hypertension or LVH 924 (83.4) 927 (84.7)

Hypertension 876 (79.1) 900 (82.2)

LVH 334 (38.7) 328 (42.1)

Diabetes 280 (25.3) 281 (25.7)

Sleep apnea 262 (23.6) 246 (22.5)

Coronary artery disease 208 (18.8) 216 (19.7)

Heart failure 174 (15.7) 163 (14.9)

Family history of AF 130 (11.8) 122 (11.2)

Prior CVA or TIA 117 (10.6) 103 (9.4)

Prior CVA 68 (6.1) 58 (5.3)

Thromboembolic events 41 (3.7) 49 (4.5)

Ejection fraction ≤35% 38/790 (4.8) 31/740 (4.2)

Comorbidities

CHA2DS2-VAScf

Median (Q1, Q3) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0)

0-1 (Lowest risk) 208 (18.8) 187 (17.1)

2 273 (24.6) 291 (26.6)

3 308 (27.8) 329 (30.0)

4 178 (16.1) 151 (13.8)

≥5 (Highest risk) 141 (12.7) 138 (12.6)
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Table 1. Baseline Demographics and Clinical Characteristics (continued)

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Arrhythmia History

Time since onset of AF, y

Median (Q1, Q3) 1.1 (0.3, 4.1) 1.1 (0.3, 3.7)

Type of AF at enrollmentg

Persistent 524 (47.3) 518 (47.3)

Paroxysmal 470 (42.4) 476 (43.5)

Long-standing persistent 114 (10.3) 101 (9.2)

Prior hospitalization for AF 449 (40.6) 425 (38.8)

Prior direct cardioversion 398 (36.0) 411 (37.5)

History of atrial flutter 140 (12.9) 158 (14.6)

Prior ablation for atrial flutter 48 (4.3) 60 (5.5)

Rhythm control therapyh

1 Rhythm control drug 398 (81.6) 452 (82.2)

≥2 Rhythm control drugs 90 (18.4) 98 (17.8)

Abbreviations: AF, atrial fibrillation; CCS, Canadian Cardiovascular Society; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular
disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female);
CVA, cerebral vascular accident; LVH, left ventricular hypertrophy; NYHA, New York Heart Association; Q1, Q3, quartiles
(25th and 75th percentiles); TIA, transient ischemic attack.
a Race was determined by the site investigator in conjunction with the patient based on predefined categories as required

by the National Institutes of Health (NIH) using NIH-specified categories.
b Asian, American Indian/Alaskan Native, Hawaiian, or other Pacific Islander and multiracial.
c Calculated as weight in kilograms divided by height in meters squared.
d On a scale of 0 to 4, with 0 indicating the least severe and 4, the most severe symptoms of AF.
e On a scale of I to IV, with I indicating the least severe and IV, the most severe symptoms of heart failure.
f On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the highest risk of stroke.
g Persistent = AF episode sustained for !7 days or cardioversion is performed more than 48 hours after AF onset.

Paroxysmal = AF episodes lasting !1 hour in duration that terminate spontaneously within 7 days or cardioversion is
performed within 48 hours of AF onset. Long-standing persistent = continuous AF of >1 year duration.

h Current or past use of rhythm control therapy reported at the time of enrollment.

Table 2. Primary and Secondary Outcomes by Intention-to-Treat Analysis

Events, No. (%) Kaplan-Meier 4-Year Event Rate, %

Hazard Ratio
(95% CI)a P Value

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096)

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096) Absolute Reduction

Primary end point
(death, disabling stroke,
serious bleeding, or
cardiac arrest)b

89 (8.0) 101 (9.2) 7.2 8.9 1.7 0.86
(0.65-1.15)c

.30

Components of primary
end point

Death 58 (5.2) 67 (6.1) 4.7 5.3 0.6 0.85
(0.60-1.21)

.38

Disabling stroke 3 (0.3) 7 (0.6) 0.1 0.7 0.6 0.42
(0.11-1.62)

.19

Serious bleeding 36 (3.2) 36 (3.3) 3.0 3.7 0.7 0.98
(0.62-1.56)

.93

Cardiac arrest 7 (0.6) 11 (1.0) 0.7 1.1 0.4 0.62
(0.24-1.61)

.33

Secondary end point

Death or cardiovascular
hospitalization

573 (51.7) 637 (58.1) 54.9 62.7 7.8 0.83
(0.74-0.93)

.001

a Hazard ratio for comparing catheter ablation group vs drug therapy group.
b Patients who experienced more than 1 of the component events are counted

only once for the primary end point comparison based on the time until the
first event. The numbers listed for the individual component events sum to

more than the number of patients with a primary event because some patients
experienced more than 1 of the component events.

c The hazard ratios and 95% CIs are based on 2 995 989 patient-days of
follow-up.
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Middelheim (N=1000) 

60 ± 10 

42,3%  

58,5%  
41,0% 

0,7%  

1±1 



Trial Monitoring
An independent data and safety monitoring board appointed
by the National Heart, Lung, and Blood Institute performed in-
terim reviews of the study at regular intervals during the trial.
One formal interim treatment comparison of primary end point
data was performed and monitored with the use of 2-sided,
symmetric O’Brien-Fleming23 boundaries generated with the
Lan-DeMets α-spending function approach to group sequen-
tial testing.24 A significance level of .049 was required for the
primary end point at the final analysis to adjust for the in-
terim analysis.

All analyses were performed using SAS software version
9.4 or later versions (SAS Institute).

Results
Study Population
Between November 2009 and April 2016, 2204 patients from
126 sites across 10 countries were randomly assigned to re-
ceive catheter ablation (1108 patients) or drug therapy (1096
patients) (Figure 1). Follow-up continued through December
31, 2017, for a median duration of 48.5 months (25th percen-
tile: 29.9 months, 75th percentile: 62.1 months).

Characteristics at Baseline
The 2 treatment groups showed the balance in baseline fac-
tors expected from randomization (Table 1). The patients ran-
domized to catheter ablation had a median age of 68 years,
37.3% were women, and 10.2% belonged to racial or ethnic
minorities. The patients randomized to drug therapy had
a median age of 67 years, 37.0% were women, and 10.2%
belonged to racial or ethnic minorities. Paroxysmal AF was
present in 42.4% of patients in the catheter ablation group
and 43.5% in the drug therapy group, with the remainder
having persistent or long-standing persistent AF (Table 1).
The study population had a substantial burden of CV risk fac-
tors (Table 1): 80.6% with hypertension, 25.5% with diabetes,
19.2% with coronary artery disease, 10.0% with a prior stroke
or transient ischemic attack, 15.3% with history of congestive
heart failure, and 56.5% with a CHA2DS2-VASc score greater
than 2 (median, 3).

Treatments
Among the 1108 patients randomly assigned to the catheter ab-
lation group, 1006 (90.8%) underwent ablation at a median of
29 days following randomization, and 102 patients did not re-
ceive ablation due to patient or family refusal (82.4%) or phy-
sician decision (13.7%) (see eTable 3 in Supplement 3 for a com-
parison of patients who did vs did not undergo ablation).
Among the catheter ablation patients, 25 underwent repeat ab-
lation during the blanking period, with 190 patients undergo-
ing at least 1 repeat ablation during the postblanking period,
for a total of 215 patients (19.4%) with repeat procedures
(Figure 1). Among the catheter ablation patients, 44.6% also
received antiarrhythmic drugs at some point during the
postblanking period (eTable 4 in Supplement 3), but only 26.5%
of the catheter ablation patients were still taking an antiar-
rhythmic drug at last follow-up.

Among the 1096 patients assigned to the drug therapy
group, 1092 (99.6%) received drug therapy, with 545 receiv-
ing 1 antiarrhythmic drug, 296 receiving 2, 106 receiving 3, and
22 receiving 4 or more different antiarrhythmic drugs over the
course of the trial (eTable 4 in Supplement 3). Most patients
(n = 969 [88.4%]) in the drug therapy group received rhythm
control drugs during the trial. A total of 301 drug therapy pa-
tients (27.5%) crossed over to catheter ablation during the
follow-up period (Figure 1). A comparison of these patients and
other patients exclusively treated with drugs is provided in
eTable 5 in Supplement 3.

ITT (As Randomized) Treatment Comparisons
A primary outcome event occurred in 89 patients (8.0%) in the
catheter ablation group and in 101 patients (9.2%) in the drug
therapy group (HR for ablation vs drug therapy, 0.86 [95% CI,
0.65-1.15]; log-rank P = .30) (Table 2 and Figure 2). Four-year
Kaplan-Meier event rates were 7.2% for catheter ablation and
8.9% for drug therapy patients (absolute difference, 1.7%;
Table 2). For the key secondary end point of all-cause mortal-
ity, a total of 58 patients (5.2%) in the catheter ablation group
and 67 patients (6.1%) in the drug therapy group died during
follow-up (HR, 0.85 [95% CI, 0.60-1.21]; log-rank P = .38)
(Table 2 and Figure 3A). Four-year mortality rates were 4.7%

Figure 1. Randomization and Patient Flow in the CABANA Trial

2204 Randomizeda

1108 Randomized to catheter ablation

215 Received repeat ablation(s)b

1006 Received catheter ablation
102 Did not receive catheter

ablation
84 Patient or family

refusal
14 Physician discretion
4 Insurance issues

1096 Randomized to drug therapy

301 Received catheter ablation

1092 Received drug therapy
853 Received rhythm and

rate control
123 Received rate control

only
116 Received rhythm

control only
4 Did not receive drug

therapy
3 Withdrew consent
1 Physician decided not

to prescribe

1108 Included in the primary analysisc 1096 Included in the primary analysisc

1002 Completed the study
79 Withdrew consent <3 y
27 Lost to follow-up

966 Completed the study
112 Withdrew consent <3 y
18 Lost to follow-up

a Sites were not required to provide screening logs during the recruitment
phase; thus, the number of patients assessed for eligibility is not available.

b Twenty five patients underwent repeat catheter ablation during the blanking
period; 190 patients had at least 1 repeat catheter ablation during the
postblanking period for a total of 215.

c Outcomes of patients who did not complete the study (ie, withdrew consent
or were lost to follow-up) were included to the point of consent withdrawal or
final contact. Primary and key secondary end points were analyzed using
time-to-event methodology; thus, all available follow-up information was
used. For patients who did not complete the study and did not experience an
outcome event, their time-to-event measure was censored at the last contact
date. There was no imputation of outcome events. At the end of the trial, a
publicly available death registry search was performed for patients enrolled in
North America who were lost or withdrew from the trial.
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Wel numeriek minder events doch geen significant verschil in 
primair eindpunt, wel in secundair eindpunt 

De meest pure wetenschappelijke benadering: ITT analyse   

Table 1. Baseline Demographics and Clinical Characteristics (continued)

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Arrhythmia History

Time since onset of AF, y

Median (Q1, Q3) 1.1 (0.3, 4.1) 1.1 (0.3, 3.7)

Type of AF at enrollmentg

Persistent 524 (47.3) 518 (47.3)

Paroxysmal 470 (42.4) 476 (43.5)

Long-standing persistent 114 (10.3) 101 (9.2)

Prior hospitalization for AF 449 (40.6) 425 (38.8)

Prior direct cardioversion 398 (36.0) 411 (37.5)

History of atrial flutter 140 (12.9) 158 (14.6)

Prior ablation for atrial flutter 48 (4.3) 60 (5.5)

Rhythm control therapyh

1 Rhythm control drug 398 (81.6) 452 (82.2)

≥2 Rhythm control drugs 90 (18.4) 98 (17.8)

Abbreviations: AF, atrial fibrillation; CCS, Canadian Cardiovascular Society; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular
disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female);
CVA, cerebral vascular accident; LVH, left ventricular hypertrophy; NYHA, New York Heart Association; Q1, Q3, quartiles
(25th and 75th percentiles); TIA, transient ischemic attack.
a Race was determined by the site investigator in conjunction with the patient based on predefined categories as required

by the National Institutes of Health (NIH) using NIH-specified categories.
b Asian, American Indian/Alaskan Native, Hawaiian, or other Pacific Islander and multiracial.
c Calculated as weight in kilograms divided by height in meters squared.
d On a scale of 0 to 4, with 0 indicating the least severe and 4, the most severe symptoms of AF.
e On a scale of I to IV, with I indicating the least severe and IV, the most severe symptoms of heart failure.
f On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the highest risk of stroke.
g Persistent = AF episode sustained for !7 days or cardioversion is performed more than 48 hours after AF onset.

Paroxysmal = AF episodes lasting !1 hour in duration that terminate spontaneously within 7 days or cardioversion is
performed within 48 hours of AF onset. Long-standing persistent = continuous AF of >1 year duration.

h Current or past use of rhythm control therapy reported at the time of enrollment.

Table 2. Primary and Secondary Outcomes by Intention-to-Treat Analysis

Events, No. (%) Kaplan-Meier 4-Year Event Rate, %

Hazard Ratio
(95% CI)a P Value

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096)

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096) Absolute Reduction

Primary end point
(death, disabling stroke,
serious bleeding, or
cardiac arrest)b

89 (8.0) 101 (9.2) 7.2 8.9 1.7 0.86
(0.65-1.15)c

.30

Components of primary
end point

Death 58 (5.2) 67 (6.1) 4.7 5.3 0.6 0.85
(0.60-1.21)

.38

Disabling stroke 3 (0.3) 7 (0.6) 0.1 0.7 0.6 0.42
(0.11-1.62)

.19

Serious bleeding 36 (3.2) 36 (3.3) 3.0 3.7 0.7 0.98
(0.62-1.56)

.93

Cardiac arrest 7 (0.6) 11 (1.0) 0.7 1.1 0.4 0.62
(0.24-1.61)

.33

Secondary end point

Death or cardiovascular
hospitalization

573 (51.7) 637 (58.1) 54.9 62.7 7.8 0.83
(0.74-0.93)

.001

a Hazard ratio for comparing catheter ablation group vs drug therapy group.
b Patients who experienced more than 1 of the component events are counted

only once for the primary end point comparison based on the time until the
first event. The numbers listed for the individual component events sum to

more than the number of patients with a primary event because some patients
experienced more than 1 of the component events.

c The hazard ratios and 95% CIs are based on 2 995 989 patient-days of
follow-up.
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Table 1. Baseline Demographics and Clinical Characteristics (continued)

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Arrhythmia History

Time since onset of AF, y

Median (Q1, Q3) 1.1 (0.3, 4.1) 1.1 (0.3, 3.7)

Type of AF at enrollmentg

Persistent 524 (47.3) 518 (47.3)

Paroxysmal 470 (42.4) 476 (43.5)

Long-standing persistent 114 (10.3) 101 (9.2)

Prior hospitalization for AF 449 (40.6) 425 (38.8)

Prior direct cardioversion 398 (36.0) 411 (37.5)

History of atrial flutter 140 (12.9) 158 (14.6)

Prior ablation for atrial flutter 48 (4.3) 60 (5.5)

Rhythm control therapyh

1 Rhythm control drug 398 (81.6) 452 (82.2)

≥2 Rhythm control drugs 90 (18.4) 98 (17.8)

Abbreviations: AF, atrial fibrillation; CCS, Canadian Cardiovascular Society; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular
disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female);
CVA, cerebral vascular accident; LVH, left ventricular hypertrophy; NYHA, New York Heart Association; Q1, Q3, quartiles
(25th and 75th percentiles); TIA, transient ischemic attack.
a Race was determined by the site investigator in conjunction with the patient based on predefined categories as required

by the National Institutes of Health (NIH) using NIH-specified categories.
b Asian, American Indian/Alaskan Native, Hawaiian, or other Pacific Islander and multiracial.
c Calculated as weight in kilograms divided by height in meters squared.
d On a scale of 0 to 4, with 0 indicating the least severe and 4, the most severe symptoms of AF.
e On a scale of I to IV, with I indicating the least severe and IV, the most severe symptoms of heart failure.
f On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the highest risk of stroke.
g Persistent = AF episode sustained for !7 days or cardioversion is performed more than 48 hours after AF onset.

Paroxysmal = AF episodes lasting !1 hour in duration that terminate spontaneously within 7 days or cardioversion is
performed within 48 hours of AF onset. Long-standing persistent = continuous AF of >1 year duration.

h Current or past use of rhythm control therapy reported at the time of enrollment.

Table 2. Primary and Secondary Outcomes by Intention-to-Treat Analysis

Events, No. (%) Kaplan-Meier 4-Year Event Rate, %

Hazard Ratio
(95% CI)a P Value

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096)

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096) Absolute Reduction

Primary end point
(death, disabling stroke,
serious bleeding, or
cardiac arrest)b

89 (8.0) 101 (9.2) 7.2 8.9 1.7 0.86
(0.65-1.15)c

.30

Components of primary
end point

Death 58 (5.2) 67 (6.1) 4.7 5.3 0.6 0.85
(0.60-1.21)

.38

Disabling stroke 3 (0.3) 7 (0.6) 0.1 0.7 0.6 0.42
(0.11-1.62)

.19

Serious bleeding 36 (3.2) 36 (3.3) 3.0 3.7 0.7 0.98
(0.62-1.56)

.93

Cardiac arrest 7 (0.6) 11 (1.0) 0.7 1.1 0.4 0.62
(0.24-1.61)

.33

Secondary end point

Death or cardiovascular
hospitalization

573 (51.7) 637 (58.1) 54.9 62.7 7.8 0.83
(0.74-0.93)

.001

a Hazard ratio for comparing catheter ablation group vs drug therapy group.
b Patients who experienced more than 1 of the component events are counted

only once for the primary end point comparison based on the time until the
first event. The numbers listed for the individual component events sum to

more than the number of patients with a primary event because some patients
experienced more than 1 of the component events.

c The hazard ratios and 95% CIs are based on 2 995 989 patient-days of
follow-up.
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describes results for 3 of 13 prespecified secondary end
point comparisons. Quality-of-life outcomes are reported
separately.17 For the secondary end point of all-cause mor-
tality, catheter ablation, compared with drug therapy, in the
ITT analysis had an HR of 0.85 (95% CI, 0.60-1.21). The
4-year Kaplan-Meier mortality rates were 4.7% for the cath-
eter ablation group and 5.3% for the drug therapy group.
The secondary end point of mortality or CV hospitalization
showed a significant 17% relative lower event rate for the
catheter ablation group. There were no differences in seri-
ous bleeding between treatment groups, and disabling
strokes were infrequent, although directionally favoring the
catheter ablation group, as seen in other studies.10 The
small number of strokes may be due to background therapy
or a high level of adherence to ongoing anticoagulation
(eTable 11 in Supplement 3).

The trial was originally projected to be able to detect a
30% mortality reduction with catheter ablation, assuming
a 4% per year drug therapy mortality rate (approximately 12%
at 3 years), based on previous AF trial data.11 Lower precision
of the effect size estimate and an inconclusive statistical
result for the primary end point by ITT is a predictable conse-
quence of the lower-than-expected drug therapy group mor-
tality rates (4.1% at 3 years).

Treatment Assignment Sensitivity Analyses
ITT-based analyses preserve the benefit of randomization in
protecting from treatment selection biases, but the results
may be seriously biased by postrandomization crossovers
and deviations from protocol-specified care.26 For example,
a catheter ablation patient who does not get an ablation
remains assigned to the ablation arm in an ITT analysis, but
cannot provide any information about the prognostic ben-
efits of ablation. No completely satisfactory solution exists

for such complexities. Useful insights can be obtained by
examining ITT analysis results in combination with sensitiv-
ity analyses on the ITT estimates using the treatment actu-
ally received and also by comparing treatment outcomes of
the patient groups who followed the treatment-assignment
protocol. In this trial, the smaller ITT relative treatment
effect size (15% reduction in mortality rather than the 30%
predicted) may be at least partially due to postrandomiza-
tion biases created by patients crossing over from their
assigned treatment group (9.2% of catheter ablation
patients declined their assigned procedure and 27.5% of
drug therapy patients crossed over to ablation) (Figure 1).
The treatment received and per-protocol analyses resulted
in HR estimates ranging from 0.60 to 0.69, respectively, for
catheter ablation, compared with drug therapy, with respect
to mortality and HRs ranging from 0.67 to 0.74, respec-
tively, for the primary end point. The treatment received
and per-protocol analyses potentially mitigate different
forms of bias present in the ITT estimate of the treatment
effect size but may add biases if compliance with treatment
assignment is correlated with outcome independent of
treatment effects.26

Decisions about use of catheter ablation in individual
patients need to consider both relative and absolute treat-
ment differences as well as procedural risks. Given the 4-year
Kaplan-Meier event rates, for many patients meeting the eli-
gibility criteria of this trial, expected treatment differences
on an absolute scale will likely not be of sufficient magnitude
to support a recommendation for catheter ablation on that
basis alone.

Prior Randomized and Observational Comparisons
of Catheter Ablation and Drug Therapy
The improvement in mortality or CV hospitalization out-
comes, a secondary end point in CABANA, complements

Figure 3. Kaplan-Meier Estimates of All-Cause Mortality and Mortality or Cardiovascular Hospitalization by Intention-to-Treat Analysis
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for catheter ablation and 5.3% for drug therapy patients (ab-
solute difference, 0.6%; Table 2). The composite secondary end
point of death from any cause or CV hospitalization occurred
in 573 patients (51.7%) in the catheter ablation group and 637
patients (58.1%) in the drug therapy group (HR, 0.83 [95% CI,
0.74-0.93]; log-rank P = .001), with 4-year rates of 54.9% for
catheter ablation and 62.7% for drug therapy patients (abso-
lute difference, 7.8%; Table 2 and Figure 3B). Details regard-
ing the causes of CV hospitalizations are provided in eTable 6
in Supplement 3.

Adjustment for site as a random effect (post hoc analysis)
did not change the estimated treatment effect (HR, 0.86 [95%
CI, 0.64-1.15]; Wald test P = .29).

Subgroup Analysis
Examination of prespecified subgroups based on clinical and
demographic characteristics did not identify relative varia-
tions in the treatment effect of ablation large enough to be clini-
cally significant while also possessing sufficient precision to
exclude the null effect (ie, HR, 1) (Figure 4).

Treatment Received Analyses
In the prespecified treatment received analyses, the HR for
catheter ablation vs drug therapy with respect to the pri-
mary end point was 0.67 (95% CI, 0.50-0.89; P = .006). For
all-cause mortality, the corresponding HR was 0.60 (95% CI,
0.42-0.86; P = .005) and for death or CV hospitalization, the
HR was 0.83 (95% CI, 0.74-0.94; P = .002). No deaths
occurred in the first 30 days after initiation of drug therapy
or catheter ablation. One disabling stroke occurred in the
drug therapy group within the first 30 days of treatment
(eTable 7 in Supplement 3).

Per-Protocol Treatment Comparisons
In per-protocol treatment comparisons, patients randomized
to catheter ablation who received ablation within a desig-
nated window following randomization were compared with
patients randomized to the drug therapy group. For the
6-month protocol window, the HR for catheter ablation vs drug
therapy for the primary end point was 0.74 (95% CI,
0.54-1.01) (Figure 5A). For the 12-month per-protocol win-
dow, the corresponding HR was 0.73 (95% CI, 0.54-0.99)
(Figure 5B). The per-protocol HRs for the key secondary end
point of all-cause mortality were 0.69 (95% CI, 0.47-1.01) and
0.68 (95% CI, 0.47-0.99) for the 6-month and 12-month defi-
nitions of a protocol ablation procedure, respectively (eFig-
ure 1 and eTable 8 in Supplement 3). The subgroup assess-
ment for the primary end point by per-protocol analysis is
shown in eFigure 2 in Supplement 3.

AF Recurrence
In 1240 patients using the study ECG event recording system,
the secondary end point of postblanking AF (time to first re-
currence) analyzed by ITT with death as a competing risk was
reduced by 48% with catheter ablation compared with drug
therapy (adjusted HR, 0.52 [95% CI, 0.45-0.60]; P < .001)
(Figure 6). The adjusted HR for the postblanking incidence of
either AF, atrial flutter, or atrial tachycardia was 0.53 (95% CI,

0.46-0.62; P < .001) (eFigure 3 in Supplement 3). Fifty seven
percent of patients had persistent or long-standing persistent
AF at the beginning of the trial, which was reduced to 26% in
drug therapy and 16% in catheter ablation patients at trial
completion. The benefits of catheter ablation on recurrent AF
were consistent across prespecified subgroups (eFigure 4 in
Supplement 3).

Adverse Events
Non–end point adverse events are enumerated in eTables 9 and
10 in Supplement 3. The most common serious adverse event
in the catheter ablation group was cardiac tamponade (0.8%).
Other adverse events in the catheter ablation group included
minor hematomas (2.3%) and pseudoaneurysms (1.1%). In the
drug therapy group, thyroid disorders were reported in 1.6%
and proarrhythmia in 0.8% of patients.

Discussion
Among patients with AF, catheter ablation, compared with
medical therapy, did not significantly reduce the primary com-
posite outcome. Relative to medical management, random-
ization to a strategy of AF ablation in this trial was associated
with a 14% relative reduction in the primary composite end
point, with a 95% CI for the effect that extended from a 35%
lower to a 15% higher risk for catheter ablation. Because the
confidence interval for the primary effect estimate lacks the
precision to exclude a null effect (HR, 1.0), the trial primary
ITT statistical comparison is inconclusive.25 The 4-year Kaplan-
Meier event rates for the primary end point were 7.2% for cath-
eter ablation and 8.9% for drug therapy, with an absolute treat-
ment difference of 1.7% (HR, 0.86 [95% CI, 0.65-1.15]).

Figure 2. Kaplan-Meier Estimates of the Incidence
of the Primary End Point
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Primaire (samengesteld) eindpunt in PARTNER 3 studie TAVI 

versus Heelkunde in laag risico patiënten

Overlijden, CVA en re-hospitalisatie na 1jaar 

Transcatheter Aortic-Valve Replacement with a Balloon- Expandable Valve in Low-Risk 

Patients. M.J. Mack et al. NEJM 
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ratio, 0.10; 95% CI, 0.06 to 0.16; P<0.001). TAVR 
also resulted in a shorter index hospitalization 
than surgery (3 days vs. 7 days, P<0.001) and in 
a lower risk of a poor treatment outcome (death 
or a low KCCQ score) at 30 days (3.9% vs. 30.6%, 
P<0.001), a result that was confirmed with the 
use of multiple imputation for missing data 
(Table S10 in the Supplementary Appendix). At 1 
year, the rate of death or disabling stroke was 
1.0% in the TAVR group as compared with 2.9% 
in the surgery group (hazard ratio, 0.34; 95% CI, 
0.12 to 0.97).

Complete data regarding secondary end 
points at 30 days and 1 year are provided in Ta-
bles S9 and S11 through S16 and Figures S6 
through S9 in the Supplementary Appendix. The 
percentage of patients who were discharged to 
home or self-care was 95.8% in the TAVR group 
as compared with 73.1% in the surgery group. 
There were no significant differences between 
the two groups with regard to most safety end 
points at 30 days, including major vascular com-
plications and new permanent pacemaker inser-
tions. The percentage of patients with new left 

Figure 1. Time-to-Event Curves for the Primary Composite End Point and the Individual Components of the Primary End Point.

Shown are Kaplan–Meier estimates of the rate of the primary composite end point (Panel A) and the individual components of the pri-
mary end point, which are death from any cause (Panel B), stroke (Panel C), and rehospitalization (Panel D), in patients who underwent 
transcatheter aortic-valve replacement (TAVR) and those who underwent surgical aortic-valve replacement. The insets show the same 
data on an enlarged y axis.
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Meer pragmatische standpunt: ‘treatment-received’ analyse of per-protocol analyse   
“je kan enkel een voordeel hebben door ablatie als je er een gehad hebt” 

Using a treatment received analysis, the 
primary endpoint was 7% and 10.9% in 
the ablation and drug groups, respectively 
(p=0.006).

↓ Combined primary endpoint: HR 0.67, 
95% CI 0.50- 0.89, p=0.006 

All-cause mortality: HR 0.60, 95% CI 
0.42-0.86; p=0.005, NNT 32.3 

↓ All-cause mortality and cardiovascular 
hospitalization: HR 0.83, 95% CI, 0.74-
0.94; p=0.002, NNT 3.0 

AF Recurrence
For most patients with AF, the primary reason to consider
catheter ablation is to mitigate the disruption that AF creates
in their daily lives and consequent reductions in quality of
life. This trial shows that catheter ablation is associated with
a lower AF recurrence rate than drug therapy (50% vs 69% at
3 years postblanking follow-up). These results are generally
concordant with the findings of earlier smaller trials on AF
recurrence such as CASTLE-AF,10 RAAFT-2,31 STOP-AF,7

ThermoCool AF,8 and to a lesser degree MANTRA-PAF.32 The
long-term follow-up from this trial also shows that for many
patients with AF, ablation is not curative. One hundred and
ninety patients (17.1%) required a repeat ablation during the
postblanking follow-up period. The underlying pathophysiol-
ogy leading to the initial onset of AF may increase the pro-
pensity for its recurrence even with initially successful abla-
tion. Work is ongoing to understand whether risk factor
management, with or without ablation, can reduce
recurrence rates.

Adverse Events
Importantly, CABANA shows that prognostically adverse pro-
cedural complications associated with the catheter ablation
strategy relative to medical management options were infre-
quent when the procedure was performed by experienced
operators (eTables 9 and 10 in Supplement 3). Pericardial
effusion with tamponade, while infrequent, was the most
common adverse event in catheter ablation patients. Pulmo-
nary vein stenosis was rare and atrial esophageal fistula for-
mation was not observed. The adverse event rates observed
in the trial are comparable with data from the First and Sec-
ond International Ablation Registries,4,33,34 and are similar to
those seen in the RAAFT-231 and MANTRA-PAF trials,32 but
lower than those seen in the STOP-AF trial.7 Whether the
rates of catheter ablation–related procedural complications
would be the same outside of a clinical trial is unknown and
would be an important consideration in discussing treatment
options with patients.

Limitations
This study has several limitations. First, patient withdraw-
als from the trial, which occurred at a slightly higher rate in
the drug therapy group, may have affected estimates of the

Figure 5. Kaplan-Meier Estimates of the Primary End Point by Per-Protocol Analysis

15

12

9

6

3

0

Ev
en

t R
at

e,
 %

Time Since Randomization, mo

No. at risk
Drug therapy

Drug therapy Drug therapy

Catheter ablation

Catheter ablation Catheter ablation

0

1096
970

6

954
941

12

860
920

18

778
901

24

680
835

30

566
721

36

464
636

42

396
555

48

330
483

54

275
397

60

204
287

At 6 moA

Hazard ratio, 0.74 (95% CI, 0.54-1.01); P = .056
15

12

9

6

3

0

Ev
en

t R
at

e,
 %

Time Since Randomization, mo
0

1096
987

6

954
958

12

860
937

18

778
918

24

680
849

30

566
735

36

464
648

42

396
566

48

330
494

54

275
404

60

204
291

At 12 moB

Hazard ratio, 0.73 (95% CI, 0.54-0.99); P = .046

Kaplan-Meier estimates of the cumulative risk of death, disabling stroke, serious
bleeding, or cardiac arrest (primary end point) by 6-month (A) and 12-month (B)
per-protocol analysis. Figure includes patients randomized to catheter ablation
who were ablated within 6 months (A) or 12 months (B) after randomization. It
also includes all patients randomized to drug therapy, with follow-up censored

at crossover to ablation. A, The median (25th, 75th percentiles) length of
patient follow-up was 4.1 years (2.6, 5.2) in the catheter ablation group and 4.0
years (2.5, 5.2) in the drug therapy group. B, The median (25th, 75th
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Figure 6. Recurrent Atrial Fibrillation After Blanking
by Intention-to-Treat Analysis
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Wat CABANA ook toonde… 

AF Recurrence
For most patients with AF, the primary reason to consider
catheter ablation is to mitigate the disruption that AF creates
in their daily lives and consequent reductions in quality of
life. This trial shows that catheter ablation is associated with
a lower AF recurrence rate than drug therapy (50% vs 69% at
3 years postblanking follow-up). These results are generally
concordant with the findings of earlier smaller trials on AF
recurrence such as CASTLE-AF,10 RAAFT-2,31 STOP-AF,7

ThermoCool AF,8 and to a lesser degree MANTRA-PAF.32 The
long-term follow-up from this trial also shows that for many
patients with AF, ablation is not curative. One hundred and
ninety patients (17.1%) required a repeat ablation during the
postblanking follow-up period. The underlying pathophysiol-
ogy leading to the initial onset of AF may increase the pro-
pensity for its recurrence even with initially successful abla-
tion. Work is ongoing to understand whether risk factor
management, with or without ablation, can reduce
recurrence rates.

Adverse Events
Importantly, CABANA shows that prognostically adverse pro-
cedural complications associated with the catheter ablation
strategy relative to medical management options were infre-
quent when the procedure was performed by experienced
operators (eTables 9 and 10 in Supplement 3). Pericardial
effusion with tamponade, while infrequent, was the most
common adverse event in catheter ablation patients. Pulmo-
nary vein stenosis was rare and atrial esophageal fistula for-
mation was not observed. The adverse event rates observed
in the trial are comparable with data from the First and Sec-
ond International Ablation Registries,4,33,34 and are similar to
those seen in the RAAFT-231 and MANTRA-PAF trials,32 but
lower than those seen in the STOP-AF trial.7 Whether the
rates of catheter ablation–related procedural complications
would be the same outside of a clinical trial is unknown and
would be an important consideration in discussing treatment
options with patients.

Limitations
This study has several limitations. First, patient withdraw-
als from the trial, which occurred at a slightly higher rate in
the drug therapy group, may have affected estimates of the

Figure 5. Kaplan-Meier Estimates of the Primary End Point by Per-Protocol Analysis
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Figure 6. Recurrent Atrial Fibrillation After Blanking
by Intention-to-Treat Analysis
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MAFSI frequency score, there was a statistically significant in-
teraction between treatment and the subgroup with hyper-
tension and left ventricular hypertrophy (P = 0.02; eFigure 3

in Supplement 1). The magnitude of the difference in AFEQT
scores for this subgroup interaction was proportionately
smaller and not statistically significant.

Table 2. Prespecified Primary Quality of Life Measures by Intention-to-Treat Analysis in the CABANA Trial

Follow-up Point

Catheter Ablation Drug Therapy
Mean Adjusted Difference
(95% CI)

Median
(25th, 75th percentile) Mean (SD) No.

Median
(25th, 75th percentile) Mean (SD) No.

AFEQT Summary Scorea

Baseline 63 (48, 79) 62.9 (20.5) 1084 63 (48, 80) 63.1 (20.6) 1078 −0.2 (−1.9 to 1.5)

3 mo 85 (69, 95) 79.8 (18.6) 971 81 (63, 94) 76.5 (20.4) 983 3.0 (1.3 to 4.7)

12 mo 94 (80, 99) 86.4 (16.5) 915 86 (69, 96) 80.9 (18.5) 903 5.3 (3.7 to 6.9)b

24 mo 94 (78, 99) 86.6 (16.2) 856 88 (71, 98) 81.8 (18.9) 798 4.3 (2.7 to 6.0)

36 mo 93 (77, 99) 86.1 (15.8) 645 90 (76, 98) 83.9 (17.3) 605 2.5 (0.8 to 4.1)

48 mo 92 (78, 99) 86.2 (15.9) 476 89 (74, 98) 83.5 (17.7) 473 3.0 (1.1 to 4.9)

60 mo 93 (77, 100) 86.2 (16.2) 329 90 (75, 98) 83.3 (18.6) 320 2.6 (0.3 to 4.8)

All follow-up 91 (76, 98) 84.8 (17.0) 4192 87 (70, 97) 80.9 (19.0) 4082 3.4 (2.1 to 4.8)b

MAFSI Frequency Scorec

Baseline 11 (7, 16) 11.8 (6.2) 1069 11 (7, 16) 11.9 (6.4) 1061 −0.2 (−0.7 to 0.4)

3 mo 6 (2, 11) 7.3 (5.9) 897 8 (3, 13) 8.9 (6.5) 894 −1.6 (−2.2 to −1.0)

12 mo 5 (1, 10) 6.4 (6.0) 828 7 (3, 12) 8.1 (6.3) 831 −1.7 (−2.3 to −1.2)b

24 mo 5 (1, 10) 6.2 (5.7) 759 7 (3, 12) 8.0 (6.5) 724 −1.7 (−2.3 to −1.1)

36 mo 5 (2, 10) 6.4 (5.9) 571 6 (2, 12) 7.5 (6.4) 559 −1.2 (−1.9 to −0.6)

48 mo 5 (1, 10) 6.5 (6.1) 424 6 (2, 11) 7.1 (6.2) 419 −0.8 (−1.6 to −0.1)

60 mo 4 (1, 9) 5.8 (5.7) 279 5 (2, 10) 7.0 (6.3) 295 −1.3 (−2.1 to −0.5)

All follow-up 5 (2, 10) 6.5 (5.9) 3758 7 (3, 12) 8.0 (6.4) 3722 −1.4 (−1.9 to −0.9)b

MAFSI Severity Scored

Baseline 9 (6, 13) 9.3 (4.9) 1066 9 (5, 13) 9.3 (5.1) 1056 −0.1 (−0.5 to 0.4)

3 mo 5 (2, 9) 5.8 (4.7) 891 6 (3, 11) 7.0 (5.2) 892 −1.3 (−1.8 to −0.9)

12 mo 4 (1, 8) 5.0 (4.7) 827 5 (2, 10) 6.5 (5.1) 830 −1.5 (−2.0 to −1.1)b

24 mo 4 (1, 8) 4.9 (4.5) 757 5 (2, 9) 6.2 (5.1) 722 −1.3 (−1.7 to −0.8)

36 mo 4 (1, 8) 5.0 (4.5) 569 5 (2, 9) 5.8 (5.0) 559 −1.0 (−1.5 to −0.5)

48 mo 4 (1, 8) 5.0 (4.7) 423 5 (2, 9) 5.5 (4.8) 419 −0.7 (−1.3 to −0.2)

60 mo 3 (1, 7) 4.6 (4.7) 279 4 (2, 8) 5.6 (4.9) 295 −1.0 (−1.7 to −0.4)

All follow-up 4 (1, 8) 5.1 (4.7) 3746 5 (2, 9) 6.3 (5.1) 3717 −1.1 (−1.5 to −0.8)b

Abbreviations: AFEQT, Atrial Fibrillation Effect on Quality of Life; MAFSI, Mayo
AF-Specific Symptom Inventory.
a Score range: 0-100; score <70 indicates severely symptomatic; 70-89,

mildly to moderately symptomatic; !90, minimally symptomatic or
asymptomatic.

b P <.001; statistical significance testing results provided only for 12-mo interval
and all follow-up.

c Score range:0-40; score >9 indicates severely symptomatic; 4-9, mildly to
moderately symptomatic; <4, minimally symptomatic or asymptomatic.

d Score range: 0-40; higher scores indicate higher severity of symptoms.

Figure 2. Atrial Fibrillation Effect on Quality of Life (AFEQT) Summary Scores
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Sensitivity Analysis
A total of 102 of 1108 patients (9%) randomized to the cath-
eter ablation group did not undergo the procedure, while 301
of 1092 patients (28%) randomized to the drug therapy group
crossed over to catheter ablation at a median of 368 days.11 To
explore the potential effects of patients who crossed over, a
prespecified per-protocol analysis was performed, in which the
catheter ablation group included the 969 patients who had the
procedure within the first 6 months following randomization
and the drug therapy group started with all patients random-
ized to receive drug therapy and censored patients who sub-
sequently crossed over to catheter ablation at the time of cross-
over. Alternate time points (ie, 3 months and 12 months) were
used to define the catheter ablation cohort but did not mate-
rially alter the results.

The 6-month per-protocol analysis (using a 6-month win-
dow from randomization to define a protocol catheter abla-
tion procedure) showed a pattern of incremental treatment
benefit in the catheter ablation group compared with the drug
therapy group, based on mean AFEQT summary scores, that
was evident at the 12-month follow-up (difference, 6.8 points
[95% CI, 5.2-8.5]) and consistent at the 60-month follow-up
(difference, 5.6 points [95% CI, 3.0-8.1]) (eTable 9 and eFig-
ure 4 in Supplement 1). The 3-month and 12-month per-
protocol analyses also showed similar treatment benefit for the
catheter ablation group (eTables 10 and 11 in Supplement 1).
A similar pattern of benefit favoring catheter ablation was seen
in the 6-month per-protocol analysis based on mean MAFSI
frequency scores at the 12-month follow-up (difference, −1.9
points [95% CI, −2.5 to −1.3]) and at the 60-month follow-up
(difference, −1.8 points [95% CI, −2.8 to −0.9]) (eTable 12 and
eFigure 5 in Supplement 1). The 3-month and 12-month per-
protocol analyses showed similar results (eTable 13 and
eTable 14 in Supplement 1).

Post Hoc Analyses
The benefit of catheter ablation varied as a function of the
baseline AFEQT score (eFigure 6 in Supplement 1). For
patients in the lowest AFEQT tertile (score range, 0-55), the
mean score in the catheter ablation group was 7.7 points

higher than in the drug therapy group at 12 months (95% CI,
5.1-10.3), while the middle tertile (score range, 55.1-74) had an
difference of 5.3 points (95% CI, 2.7-7.9), and the highest ter-
tile (score range, 74.1-100) had the smallest difference (2.7
points [95% CI, 0.2-5.2]; P = .023). No consistent relationship
was found between baseline MAFSI frequency score tertiles
and 12-month catheter ablation treatment benefit (eFigure 7
in Supplement 1).

Of 2162 patients in both groups at baseline, 1302 (60%)
were severely symptomatic, 655 (30%) were mildly to mod-
erately symptomatic, and 205 (10%) were minimally sympto-
matic or asymptomatic, based on AFEQT responses. At 12
months, 11% more patients in the drug therapy group than the
catheter ablation group were severely symptomatic and 14%
more patients in the catheter ablation group than the drug
therapy group were minimally symptomatic or asymptom-
atic (eFigure 8 in Supplement 1).

Responder analyses were used to examine the sensitivity
of the treatment benefit from catheter ablation to the criteria
used to define a clinically important difference in AFEQT and
MAFSI scores. In patients whose baseline scores were in the
severely symptomatic or mildly to moderately symptomatic
categories, the incremental QOL benefits from ablation were
not sensitive to the definition used to define a clinically im-
portant improvement (eFigure 9 and eFigure 10 in Supple-
ment 1). The 205 of 2162 patients (10%) who had baseline scores
in the minimally symptomatic category showed no differ-
ence by treatment group and the smallest improvements over
the first 12 months of follow-up.

Adjustment for site and the site-treatment interaction as
random effects had no effect on estimates of treatment effect
(eTable 15 in Supplement 1).

Discussion
In this international multicenter randomized trial, catheter
ablation provided incremental symptomatic and QOL ben-
efits over drug therapy that were clinically important and sta-
tistically significant for patients with AF. In addition to the

Figure 3. Mayo Atrial Fibrillation–Specific Symptom Inventory (MAFSI) Frequency Scores
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harm109;95%CI34–4985)at1-year follow-up,580,661 likelyduetoven-
tricular arrhythmias (torsades de pointes).580,661 Although this
pro-arrhythmic effect is more common at higher doses, they are less
commonly used for rhythm control in AF. Disopyramide may be useful
in ‘vagally mediated’ AF (e.g. AF occurring in athletes and/or during
sleep76), and has been shown to reduce LV outflow gradient and im-
prove symptoms inpatientswithhypertrophic cardiomyopathy.662–664

11.2.1.5 Sotalol
Sotalol has a relevant risk of torsades de pointes [1% in the Pre-

vention of Atrial Fibrillation After Cardioversion (PAFAC) trial118].
Its d-enantiomer is associated with increased mortality compared to
placebo in patients with LV dysfunction after a myocardial infarc-
tion,665 probably due to ventricular arrhythmias (OR 2.47; 95% CI
1.2–5.05; number needed to harm 166; 95% CI 61–1159).580,665

On the other hand, d,l-sotalol has been used in AF patients without
safety signals in two controlled trials.581,601

11.2.1.6 Dofetilide
Dofetilide is another potassium channel blocker that is mainly

available outside of Europe. Dofetilide restores and maintains sinus
rhythm in heart failure patients,666 and occasionally in patients re-
fractory to other antiarrhythmic drugs.667

Overall, it seems prudent to limit the use of quinidine, disopyra-
mide, dofetilide, and sotalol to specific situations. Furthermore,
combinations of QT-prolonging antiarrhythmic drugs should gener-
ally be avoided for rhythm control in AF (Table 17).

11.2.2 The twelve-lead electrocardiogram as a tool to
identify patients at risk of pro-arrhythmia
Identifying patients at risk of pro-arrhythmia can help to mitigate the
pro-arrhythmic risk of antiarrhythmic drugs.668 In addition to the clinical

characteristics mentioned above, monitoring PR, QT, and QRS dura-
tions during initiation of antiarrhythmic drug therapy can identify pa-
tients at higher risk of drug-induced pro-arrhythmia on longer-term
treatment.669–671 In addition, the presence of ‘abnormal TU waves’ is
a sign of imminent torsades de pointes.652 Periodic ECG analysis for
pro-arrhythmia signs has been used successfully in recent antiarrhyth-
mic drug trials.118,584,672 Specifically, ECG monitoring was used system-
atically on days 1–3 in patients receiving flecainide, propafenone, or
sotalol to identify those at risk of pro-arrhythmia.118,584,601 Based on
this evaluated practice, we suggest to record an ECG in all patients
before initiation of antiarrhythmic drugs. Scheduled ECGs during the
initiation period seem reasonable (Table 17).

11.2.3 New antiarrhythmic drugs
Several compounds that inhibit the ultrarapid potassium current
(IKur) and other inhibitors of atypical ion channels are in clinical de-
velopment.673 – 675 They are not available for clinical use at present.
The antianginal compound ranolazine inhibits potassium and sodium
currents and increases glucose metabolism at the expense of free
fatty acid metabolism, thereby enhancing the efficient use of oxy-
gen.676,677 Ranolazine was safe in patients with non–ST-segment
elevation myocardial infarction and unstable angina evaluated in
the MERLIN (Metabolic Efficiency With Ranolazine for Less Ische-
mia in Non ST-Elevation Acute Coronary Syndrome) trial.678 In a
post hoc analysis of continuous ECG recordings obtained during
the first 7 days after randomization, patients assigned to ranolazine
had a trend towards fewer episodes of AF than those on placebo [75
(2.4%) vs. 55 (1.7%) patients; P ¼ 0.08].679 In the HARMONY
(A Study to Evaluate the Effect of Ranolazine and Dronedarone
When Given Alone and in Combination in Patients With

Initiation of long term rhythm control therapy to improve symptoms in AF

No or minimal signs 
for structural heart disease

Coronary artery disease, 
significant valvular heart 
disease, abnormal LVH

Heart failure

Dronedarone (IA) 
Flecainide (IA) 

Propafenone (IA) 
Sotalol (IA)a

Catheter 
ablation (IIaB)b

Dronedarone (IA) 
Sotalol (IA)a

Amiodarone (IA)d

Catheter 
ablation (IIaB)b

Catheter 
ablation (IIaB)b,c

Amiodarone 
(IA)

Patient choice Patient choice Patient choice

aSotalol requires careful evaluation of proarrhythmic risk.
bCatheter ablation should isolate pulmonary veins and can be performed using radiofrequency or cryoballoon catheters. 
c

dAmiodarone is a second-choice therapy in many patients because of its extracardiac side-effects.

Figure 17 Initiation of long-term rhythm control therapy in symptomatic patients with atrial fibrillation.
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Spectrum verder opengetrokken door HRS consensus

Table 2 Indications for catheter (A and B) and surgical (C, D, and E) ablation of atrial fibrillation

Recommendation Class LOE References

Indications for catheter ablation of atrial fibrillation
A. Indications for catheter ablation of atrial fibrillation
Symptomatic AF
refractory or
intolerant to at
least one Class I or
III antiarrhythmic
medication

Paroxysmal: Catheter ablation is recommended. I A 7–18

Persistent: Catheter ablation is reasonable. IIa B-NR 8,16–26

Long-standing persistent: Catheter ablation
may be considered.

IIb C-LD 8,16–26

Symptomatic AF
prior to initiation
of antiarrhythmic
therapy with a
Class I or III
antiarrhythmic
medication

Paroxysmal: Catheter ablation is reasonable. IIa B-R 27–35

Persistent: Catheter ablation is reasonable. IIa C-EO
Long-standing persistent: Catheter ablation
may be considered.

IIb C-EO

B. Indications for catheter atrial fibrillation ablation in populations of patients not well represented in clinical trials
Congestive heart
failure

It is reasonable to use similar indications for
AF ablation in selected patients with heart
failure as in patients without heart failure.

IIa B-R 36–52

Older patients
(.75 years of age)

It is reasonable to use similar indications for AF
ablation in selected older patients with AF as
in younger patients.

IIa B-NR 53–59

Hypertrophic
cardiomyopathy

It is reasonable to use similar indications for AF
ablation in selected patients with HCM as in
patients without HCM.

IIa B-NR 60–62

Young patients
(,45 years of age)

It is reasonable to use similar indications for AF
ablation in young patients with AF (,45
years of age) as in older patients.

IIa B-NR 63,64

Tachy-brady
syndrome

It is reasonable to offer AF ablation as an
alternative to pacemaker implantation in
patients with tachy-brady syndrome.

IIa B-NR 33–35

Athletes with AF It is reasonable to offer high-level athletes AF
as first-line therapy due to the negative
effects of medications on athletic
performance.

IIa C-LD 27,28,65

Asymptomatic AF** Paroxysmal: Catheter ablation may be
considered in select patients.**

IIb C-EO 66,67

Persistent: Catheter ablation may be
considered in select patients.

IIb C-EO 68

(Continued )

Calkins et al Catheter and Surgical Ablation of Atrial Fibrillation e453
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
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hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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Toch enkele trends, doch ook niet meer dan trends (predictieve waarde blijft laag)



‘Behandel vroegtijdig en het werkt’
Jonge patiënten, jonge AF 

Wacht niet tot het complex wordt

when compared with control patients in sinus rhythm. Likewise, a re-
cent study by Walters et al.15 provided evidence that AF acts as a key
causative factor. Over a time period of 1 year, a significant progres-
sion of atrial structural remodelling occurred in the presence of high
burden AF.15

It seems therefore that AF in itself acts as a key driver for progres-
sive atrial remodelling highlighting the importance of maintaining sinus
rhythm to arrest this infaust remodelling process. As demonstrated
by previous studies, PVI success is lower with more advanced remod-
elling (“the sicker the substrate, the lower the outcome”).16,17

Hence, PVI should be performed as early as possible.
In our study, the choice for PVI was based on ongoing AF episodes

despite anti-arrhythmic drugs, reflected by a longer DAT associated
with more drug attempts and use of amiodarone. From all co-
morbidities known to be promoting AF progression, such as struc-
tural heart disease, older age, diabetes, hypertension, only age was
significantly different between the four time groups. Although age
alone does not negatively influence long-term outcome,18 a more
delayed DAT was also associated with a higher rate of persistent AF
negatively influencing outcome.4,11

Most probable explanations for the progressive decline in ablation
success with prolonged DAT, are, therefore, the higher percentage
of persistent AF and the longer time period of ongoing AF, both asso-
ciated with a more remodelled and hence more resistant substrate
for subsequent ablation.

Timing of PVI

In accordance to the guidelines, anti-arrhythmic drug treatment pre-
ceded ablation in all patients, and PVI was only performed in case of
recurrent AF despite anti-arrhythmic drugs. However, this current
“standard of care” consisting of a first attempt of rhythm control
with anti-arrhythmic drugs represents in itself a delay in a more opti-
mal treatment or PVI. Our study indicates that early timing of PVI re-
sults in a better long-term outcome, with the most optimal timing
within the first year of diagnosis. This result is in line with two recent
studies.19,20 Bunch et al.19 demonstrated that a delay in ablation re-
duces clinical success at 1 and 3 years, most apparent in those pa-
tients who undergo an ablation very early. Interestingly, AF-related
outcomes such as heart failure and death were worse in patients in
whom ablation treatment was delayed, suggesting that early aggres-
sive management can also favourably impact AF disease
progression.20

Our study shows a similar divergence in outcome at 5-year follow-
up in a large population undergoing a PVI only strategy using different
ablation strategies.

Besides a longer FU (5 years vs. 1–3 years in Bunch et al.), our study
differs in a clear and uniform (PVI only) ablation endpoint and the use
of different ablation techniques. In contrast, only irrigated RF was
used in the study by Bunch et al. without further specification of the
ablation endpoint.
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Figure 2 Kaplan–Meier plots representing the time to AF recurrence during follow-up. Left panel represents outcome for the whole cohort
(N=1000). Right panel gives outcome for the four DAT groups. See text for further explanation.
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Een vroegtijdigere en meer actieve aanpak kan progressie afremmen en potentieel zelfs 
omkeren 

De rationale voor vroegtijdige positionering ablatie
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Attest AF study, Kuck et al.  

10X minder kans op evolutie naar persistente AF  met PVI

Extra-argument voor ablatie in een vroeg stadium (vers van de pers)



Welke techniek heeft voorkeur ? 
AF. Each of these variables needs to be considered when
discussing the risks and benefits of AF ablation with a
particular patient. In the presence of substantial risk or
anticipated difficulty of ablation, it could be
more appropriate to use additional antiarrhythmic drug
(AAD) options, even if the patient on face value might

present with a Class I or IIa indication for ablation. Third,
it is important to consider patient preference and values.
Some patients are reluctant to consider a major procedure
or surgery and have a strong preference for a pharmacolog-
ical approach. In these patients, trials of antiarrhythmic
agents including amiodarone might be preferred to catheter

Table 3 (Continued )

Recommendation Class LOE References

It is reasonable to consider a patient’s BMI when
discussing the risks, benefits, and outcomes of AF
ablation with a patient being evaluated for an AF
ablation procedure.

IIa B-R 260–288

It is reasonable to screen for signs and symptoms of sleep
apnea when evaluating a patient for an AF ablation
procedure and to recommend a sleep evaluation if sleep
apnea is suspected.

IIa B-R 270,276–278,289 –307

Treatment of sleep apnea can be useful for patients with
AF, including those who are being evaluated to
undergo an AF ablation procedure.

IIa B-R 270,276–278,289 –307

The usefulness of discontinuation of antiarrhythmic drug
therapy prior to AF ablation in an effort to improve
long-term outcomes is unclear.

IIb C-LD 308–312

The usefulness of initiation or continuation of
antiarrhythmic drug therapy during the postablation
healing phase in an effort to improve long-term
outcomes is unclear.

IIb C-LD 308–312

Strategies to reduce the risks of
AF ablation

Careful identification of the PV ostia is mandatory to
avoid ablation within the PVs.

I B-NR 313–335

It is recommended that RF power be reduced when
creating lesions along the posterior wall near the
esophagus.

I C-LD 68,336–365

It is reasonable to use an esophageal temperature probe
during AF ablation procedures to monitor esophageal
temperature and help guide energy delivery.

IIa C-EO 68,336,345,365

AF5 atrial fibrillation; LOE5 Level of Evidence; PV5 pulmonary vein; RF5 radiofrequency; MRI5 magnetic resonance imaging; BMI5 body mass index.

Figure 9 Schematic drawing showing catheter ablation of atrial fibrillation using either RF energy or cryoballoon AF ablation. A: Shows a typical wide area
lesion set created using RF energy. Ablation lesions are delivered in a figure of eight pattern around the left and right PV veins. Also shown is a linear cavotricuspid
isthmus lesion created for ablation of typical atrial flutter in a patient with a prior history of typical atrial flutter or inducible isthmus-dependent typical atrial flutter
at the time of ablation. A multielectrode circular mapping catheter is positioned in the left inferior PV. B: Shows an ablation procedure using the cryoballoon
system. Ablation lesions have been created surrounding the right PVs, and the cryoballoon ablation catheter is positioned in the left superior PV. A through
the lumen multielectrode circular mapping catheter is positioned in the left superior PV. Illustration: Tim Phelps © 2017 Johns Hopkins University, AAM.
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lesion set created using RF energy. Ablation lesions are delivered in a figure of eight pattern around the left and right PV veins. Also shown is a linear cavotricuspid
isthmus lesion created for ablation of typical atrial flutter in a patient with a prior history of typical atrial flutter or inducible isthmus-dependent typical atrial flutter
at the time of ablation. A multielectrode circular mapping catheter is positioned in the left inferior PV. B: Shows an ablation procedure using the cryoballoon
system. Ablation lesions have been created surrounding the right PVs, and the cryoballoon ablation catheter is positioned in the left superior PV. A through
the lumen multielectrode circular mapping catheter is positioned in the left superior PV. Illustration: Tim Phelps © 2017 Johns Hopkins University, AAM.
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P = 0.24) (Fig. 2C and Table 3). The most com-
mon safety events were groin-site complications 
(16 in the radiofrequency group and 7 in the 
cryoballoon group) and phrenic-nerve injury 
(10 in the cryoballoon group) (Table 3). No atrio-
esophageal fistulae, pulmonary-vein stenoses, or 
procedure-related deaths were observed. A full 
list of postprocedural adverse events is provided 
in Table S4 in the Supplementary Appendix.

 Discussion

The FIRE AND ICE trial was a randomized 
evaluation of catheter ablation in patients with 
paroxysmal atrial fibrillation, in which we exam-
ined the efficacy, safety, and procedural profiles 
of the two most commonly used ablation tech-
nologies. The characteristics of the patients were 
consistent with those in other trials5-10,12,13 and 
are representative of patients with paroxysmal 
atrial fibrillation.1 Cryoballoon ablation was 
found to be noninferior to radiofrequency abla-
tion with regard to the primary efficacy end 
point, and superiority was not achieved in either 
group. There was no significant difference among 
the four types of ablation catheters with regard 
to the primary efficacy end point. There was 
also no significant difference in the primary 
safety end point between the radiofrequency 
group and the cryoballoon group.
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Figure 2. Event-free Survival for the Primary Efficacy 
and Safety End Points in the Modified Intention-to-
Treat Cohort.

Panel A shows the 90-day landmark analysis of the pri-
mary efficacy end point. The trial confirmed the non-
inferiority of cryoballoon ablation to radiofrequency 
(RFC) catheter ablation. The first 90 days after the index 
ablation was the so-called “blanking period”; events 
during this period were not counted in the determina-
tion of clinical failure for the primary end point. Panel B 
shows the subgroup test of homogeneity across all four 
catheter categories; there was no significant difference 
among the catheters (P = 0.25). The as-treated cohort 
was used for this analysis. Five patients were randomly 
assigned to the cryoballoon group but underwent radio-
frequency ablation; they are included in the first-genera-
tion radiofrequency group; four patients who were ran-
domly assigned to the radiofrequency group and were 
treated with nonstudy radiofrequency catheters are not 
included. Panel C shows the analysis of the primary 
safety end point. There was no significant difference 
between the cryoballoon and radiofrequency groups.
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P = 0.24) (Fig. 2C and Table 3). The most com-
mon safety events were groin-site complications 
(16 in the radiofrequency group and 7 in the 
cryoballoon group) and phrenic-nerve injury 
(10 in the cryoballoon group) (Table 3). No atrio-
esophageal fistulae, pulmonary-vein stenoses, or 
procedure-related deaths were observed. A full 
list of postprocedural adverse events is provided 
in Table S4 in the Supplementary Appendix.

 Discussion

The FIRE AND ICE trial was a randomized 
evaluation of catheter ablation in patients with 
paroxysmal atrial fibrillation, in which we exam-
ined the efficacy, safety, and procedural profiles 
of the two most commonly used ablation tech-
nologies. The characteristics of the patients were 
consistent with those in other trials5-10,12,13 and 
are representative of patients with paroxysmal 
atrial fibrillation.1 Cryoballoon ablation was 
found to be noninferior to radiofrequency abla-
tion with regard to the primary efficacy end 
point, and superiority was not achieved in either 
group. There was no significant difference among 
the four types of ablation catheters with regard 
to the primary efficacy end point. There was 
also no significant difference in the primary 
safety end point between the radiofrequency 
group and the cryoballoon group.
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Figure 2. Event-free Survival for the Primary Efficacy 
and Safety End Points in the Modified Intention-to-
Treat Cohort.

Panel A shows the 90-day landmark analysis of the pri-
mary efficacy end point. The trial confirmed the non-
inferiority of cryoballoon ablation to radiofrequency 
(RFC) catheter ablation. The first 90 days after the index 
ablation was the so-called “blanking period”; events 
during this period were not counted in the determina-
tion of clinical failure for the primary end point. Panel B 
shows the subgroup test of homogeneity across all four 
catheter categories; there was no significant difference 
among the catheters (P = 0.25). The as-treated cohort 
was used for this analysis. Five patients were randomly 
assigned to the cryoballoon group but underwent radio-
frequency ablation; they are included in the first-genera-
tion radiofrequency group; four patients who were ran-
domly assigned to the radiofrequency group and were 
treated with nonstudy radiofrequency catheters are not 
included. Panel C shows the analysis of the primary 
safety end point. There was no significant difference 
between the cryoballoon and radiofrequency groups.
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Verschil in type complicatie (en dus ernst) tussen 
verschillende technieken 

PV=pulmonary vein; PNP=phrenic nerve palsy; TIA=transient ischemic attack.

Figure 1 Graphical presentation of the major complications of the present study and equivalent studies or meta-analyses. PV, pulmonary vein;
PNP, phrenic nerve palsy; TIA, transient ischaemic attack.

A B C

D E F

Figure 2 Representation of the three main ablation techniques (upper panels) and their most prominent complication type (lower panels). PVI using
point-by-point irrigated RF (A, with decapolar circular catheter positioned within LIPV, 3.5 mm ablation catheter in LSPV and decapolar CS catheter in
the CS), is associated with pericardial injury (D, pericardial fluid is marked by asterisks). PVAC-guided PVI (B, with PVAC catheter positioned at the ost-
ium of the LSPV) is associated with PV stenosis (E, ostial stenosis of the left superior PV between arrows on CT thorax). Cryoballoon-guided PVI (C) is
associated with (transient) phrenic nerve palsy (F, elevated right hemi-diaphragm due to paralyzed phrenic nerve on chest radiography). PVI, pulmonary
vein isolation; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein; CS, coronary sinus; CT, computed tomography.
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Minder nood aan cardioversies, minder her-hospitalisaties 
en minder nood aan redo-procedures na cryo-PVI

Cryoballoon or radiofrequency ablation for symptomatic paroxysmal atrial
fibrillation: reintervention, rehospitalization, and quality-of-life outcomes in the FIRE AND 
ICE trial. Kuck et al. EHJ. 

Introduction
FIRE AND ICE was the first large randomized controlled trial to
compare the efficacy and safety of the single-step cryoballoon abla-
tion technique with the point-by-point radiofrequency current
(RFC) ablation approach in symptomatic patients with paroxysmal
atrial fibrillation (AF).1 The trial confirmed its primary efficacy ob-
jective of the non-inferiority of cryoballoon ablation at 1 year with
estimated event rates (first documented recurrence of AF, occur-
rence of atrial flutter or atrial tachycardia, use of antiarrhythmic
drugs, or repeat ablation outside a 90-day blanking period) of
34.6% in the cryoballoon and 35.9% in the RFC arm [hazard ratio
(HR) ¼ 0.96; 95% confidence interval (CI): 0.76–1.22; P , 0.001
for non-inferiority]. Overall safety was also not significantly different
(1 year Kaplan–Meier event rate estimates, 10.2% with cryoballoon
and 12.8% with RFC; HR ¼ 0.78; 95% CI: 0.52–1.18; P ¼ 0.24).

While the first FIRE AND ICE report focused on primary out-
comes, this current report will focus on secondary endpoints and
additional analyses that have important implications on daily clinical
practice, including all-cause rehospitalization after the index proced-
ure (which encompasses all repeat ablations for atrial arrhythmias),
cardiovascular and non-cardiovascular rehospitalizations, and
direct-current cardioversions (DCCVs). Also, the analysis includes
an assessment of the quality-of-life surveys for both mental and
physical function throughout the 30 months of follow-up.

Methods
Study design and procedure overview
The FIRE AND ICE trial (NCT01490814) was a multicentre, rando-
mized, blinded-outcomes, parallel-group evaluation of cryoballoon
and RFC catheter ablation in patients being treated for drug-refractory
and symptomatic paroxysmal AF.1,2 A study design manuscript and the
primary endpoints have been separately published.1,2 In brief, each treat-
ment centre approved the study design with their local ethics review
committee(s), and patient informed consent was obtained prior to en-
rolment. Patients were randomized to either cryoballoon ablation using
the Arctic FrontTM family of catheters (Medtronic) or RFC catheter ab-
lation using the ThermoCoolw series of catheters (Biosense Webster).

During the index procedure, the (1:1) randomly selected ablation
modality was used in the left atrium to electrically isolate the pulmonary
veins (PVs).3– 5 In the cryoballoon procedures, pulmonary vein isolation
(PVI) was achieved using fluoroscopic guidance to position the cryobal-
loon catheter. Once PV-to-balloon occlusion was confirmed by retro-
grade radiopaque contrast agent retention, circumferential ablation
was performed by freezing with a ‘single-shot’ delivery of coolant to
the balloon. In the RFC procedure, PVI was achieved using a focal
‘point-by-point’ catheter approach, which delivers heat energy to the
cardiac tissue. RFC lesion sets encircle the PV antra using electroanato-
mical mapping for guidance. In both cohorts, a PVI-only strategy was
used to ablate AF, and acute index procedure success was documented
in both arms with diagnostic testing. All investigators demonstrated the
success of PVI by the abolition of conduction of atrial impulses into the
PVs. After the index procedure, subjects were followed in this study for
up to 33 months.1,2 In both groups, subjects were followed-up for a
mean time of 1.54+0.8 years.1

In the publication of the primary endpoints, the data were presented
as time-to-first event reported per subject, and a 90-day blanking period
was predefined.1 Recurrences of atrial arrhythmias and repeat ablations

within the 90-day blanking period did not contribute towards the pri-
mary endpoint.1 However, robust clinical data were collected (on rein-
terventions and rehospitalizations) in this trial both within the 90-day
blanking period and after the primary endpoint event to allow for the
analyses of the current presented endpoints. The data presented in
this current analysis are the total clinical events that were documented
in this trial from the index procedure through the study exit for each
subject to provide a comprehensive summary of the disease burden
to the patients and to the healthcare systems.

Rehospitalization
During the trial, study sites were required to report all patient rehospi-
talizations after the index ablation procedure.2 All-cause rehospitaliza-
tions are inclusive of every recorded event, and cardiovascular
rehospitalizations are a subset of all-cause rehospitalizations. Both
repeat ablations and DCCVs are specific rehospitalization events that
occur within cardiovascular rehospitalizations. In the study, a rehospita-
lization was defined as a prolonged stay (i.e. of two or more nights) or an
in-patient stay of more than one calendar day (i.e. at least one overnight
stay) not concurrent with the index ablation procedure. The pre-
specified main causes for cardiovascular rehospitalization included
(i) unstable or stable angina or atypical chest pain; (ii) syncope;

Figure 1 Repeat ablations. (A) Number of repeat ablations by
days since the index ablation. (B) Kaplan–Meier event-free survival
curves.
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(iii) transient ischaemic attack or stroke; (iv) non-fatal cardiac arrest;
(v) ventricular arrhythmia; (vi) cardiac transplantation; (vii) any type of
cardiovascular surgery; (viii) implantation of a pacemaker, implantable
cardioverter defibrillator, or any other cardiac device; (ix) percutaneous
coronary, cerebrovascular, or peripheral intervention; (x) blood-
pressure-related rehospitalization; (xi) cardiovascular infection; (xii) ma-
jor bleeding; (xiii) pulmonary embolism or deep vein thrombosis; and
(xiv) other adjudicated cardiovascular events, including atrial arrhythmias.
A complete list of cardiovascular rehospitalization events are given in the
Supplementary material online (see Supplementary material online, Table
S3). Any hospital stay planned prior to the index intervention was not
considered a rehospitalization in this analysis.

Quality-of-life
Quality-of-life was assessed using the Medical Outcome Study Short
Form-12 (SF-12) questionnaire to evaluate the subject’s mental and
physical performance at baseline and every 6 months after the index ab-
lation procedure for up to 30 months. Physical and mental health com-
posite scores are calculated using responses to 12 questions with a
response range from 0 to 100, where a 0 score indicates the lowest level
of health measured by the scale and 100 indicates the highest level of
health. Questionnaires were completed without input from study per-
sonnel. Additionally in this study, an estimate of generic health status
was made using the EuroQol five-dimension (EQ-5D) questionnaire,
during the same period of examination. The EQ-5D-3L (used in this

Figure 2 All-cause rehospitalizations (A) and cardiovascular rehospitalizations (B). Both panels show the number of rehospitalizations by days
since the index ablation in the upper panel and Kaplan–Meier event-free survival curves in the lower panel.
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Table 1 Summary of rehospitalization data

Total number of events; subjects with events Hazard ratio (95% CI) P-value

Cryoballoon (n 5 374) RFC (n 5 376)

All-cause rehospitalizations 210; 122 (32.6%) 267; 156 (41.5%) 0.72 (0.57–0.91) 0.01

Cardiovascular rehospitalizations 139; 89 (23.8%) 203; 135 (35.9%) 0.61 (0.47–0.80) ,0.01

Repeat ablations 49; 44 (11.8%) 70; 66 (17.6%) 0.65 (0.45–0.95) 0.03

Direct-current cardioversions 13; 12 (3.2%) 28; 24 (6.4%) 0.49 (0.25–0.98) 0.04
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study) measures five dimensions of health, including (i) mobility, (ii) self-
care, (iii) physical activities, (iv) pain and discomfort, and (v) anxiety and
depression. This survey uses a three-tier evaluation indicating no prob-
lem, some problem, or extreme problem. The EQ-5D-3L uses a scale
that measures up to one, which is the best health imaginable, and all
measurements (in this study) were analysed using the utility score based
on the US value set.

Statistical analyses
Data analyses were conducted using the modified intention-to-treat
(mITT) study populations (consistent with previous presentations of
the data).1,2 The mITT evaluation consisted of those patients that
were enrolled and randomized (n ¼ 762), with subjects removed due
to screening failures (n ¼ 6), withdrawal of consent (n ¼ 4), declining
ablation (n ¼ 1), and being mentally unfit for study (n ¼ 1).1 In the
mITT examination, 374 subjects comprised the cryoballoon group,
and 376 subjects were included in the RFC group.1 This cohort is inclu-
sive of four subjects treated with a non-study RFC catheter (St. Jude
Medical), and five subjects treated with a ThermoCool RFC catheter
originally randomized to the cryoballoon group.

Repeat ablations, rehospitalizations, and DCCVs are presented in
two formats: as dot plots showing the number of events by days since
the index procedure and as Kaplan–Meier event-free survival curves.
Time-to-first events between the cryoballoon and RFC arms are com-
pared with the log-rank test. Cox proportional-hazards regression mod-
el was utilized to assess consistency across subgroups for cardiovascular
hospitalization rates. For each subgroup, a Wald test for interaction was
performed. A subgroup interaction term was considered significant for
P , 0.05. Kaplan–Meier survival curves are presented for the sub-
groups with significant interaction terms. Hazard ratios for hospitaliza-
tion rates and subgroup hospitalization rates are estimated with a Cox
proportional-hazards model.

Changes in quality-of-life (SF-12 and EQ-5D-3L scores) are presented
as mean+ standard deviation from baseline. Box plots are utilized to
graphically display the changes in SF-12 scores over the study visits. A lin-
ear mixed model (accounting for repeated quality-of-life measurements
within a subject across visits) was utilized to compare quality-of-life scores
between the groups. t-Tests were utilized to assess quality-of-life changes
from baseline within a group.

Quality-of-life, cardiovascular rehospitalization, and repeat ablation
examinations were predefined in the study protocol and the statistical
analysis plan. All-cause hospitalization and DCCV analyses were not
predefined; however, the data fields were present in the case report
form. No adjustments were made for multiple testing. All analyses
were conducted using SAS software, version 9.4 (SAS Institute), and
the R statistical package, version 3.2.2 (www.r-project.org).

Results

Rehospitalization
As depicted in Figure 1A, 49 repeat ablations were conducted in 44
subjects (44/374; 11.8%) in the cryoballoon group and 70 repeat ab-
lations were conducted in 66 subjects (66/376; 17.6%) in the RFC
group. As shown in Figure 1B, a log-rank test confirmed that the cryo-
balloon group had a statistically significant lower rate of repeat abla-
tion compared with the RFC group [HR ¼ 0.65 (95% CI: 0.45–0.95);
P ¼ 0.03]. As shown in Figure 2A, 210 all-cause rehospitalizations oc-
curred in 122 subjects (122/374; 32.6%) in the cryoballoon group
when compared with 267 all-cause rehospitalizations that occurred
in 156 subjects (156/376; 41.5%) in the RFC group. A log-rank test

confirmed that there was a statistical difference, with the cryoballoon
cohort having fewer all-cause rehospitalizations [HR¼ 0.72 (95% CI:
0.57–0.91); P ¼ 0.01; Figure 2A]. When examining cardiovascular
rehospitalizations, Figure 2B demonstrates that 139 cardiovascular re-
hospitalizations occurred in 89 subjects (89/374; 23.8%) of the cryo-
balloon group, whereas 203 cardiovascular rehospitalizations
occurred in 135 subjects (135/376; 35.9%) of the RFC group. Statis-
tical analysis by log-rank test demonstrated that the cryoballoon
group had fewer cardiovascular rehospitalizations compared
with the RFC group [HR ¼ 0.61 (95% CI: 0.47–0.80); P , 0.01;
Figure 2B]. The entire rehospitalization data set is summarized in
Table 1, and the cardiovascular rehospitalizations are further detailed
in the Supplementary material online.

Direct-current cardioversions
post-ablation
As shown in Figure 3A, 13 DCCVs were administered during follow-
up to 12 subjects (12/374; 3.2%) in the cryoballoon group, whereas
28 DCCVs were given to 24 subjects (24/376; 6.4%) in the RFC
group. As illustrated in Figure 3B, a log-rank test demonstrated a sig-
nificant difference between the cryoballoon group and the RFC
group with regard to DCCV after the index ablation [HR ¼ 0.49
(95% CI: 0.25–0.98); P ¼ 0.04].

Figure 3 Direct-current cardioversion. (A) Number of
direct-current cardioversions by days since the index ablation.
(B) Kaplan–Meier event-free survival curves.
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Minder nood aan redo-PVI Minder cardioversies Minder kans op her-
hospitalisatie 

Secundaire eindpunten leren iets over comfort patient



Einde PVI Tijdens redo 

3 mnd later

Onze achilleshiel….

Herval in AF en nood aan 2dePVI veelal het gevolg van PV re connectie
“The PV reconnection-AF Recurrence Paradigm” 

Doch… we boeken winst, meer en meer blijvende PV isolatie 
gevolg groter first-pass effect en nieuwe uitdagingen voor 
elektrofysioloog 



Na cryo PVI globaal minder PV reconnecties met 
meer blijvende PV isolatie
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patients treated with RFC at reablation, 6/23 (26%) 
and 16/53 (30%) of patients were treated with contact-
force sensing RFC catheters in the cryoballoon-Redo 
and RFC-Redo arms, respectively. The total number of 
ablations (PVs treated and non-PVI lesions) delivered 
during the repeat procedure in the RFC-Redo cohort 
(3.3±1.3) was significantly higher than the number of 
ablations delivered during reablation in the cryoballoon-
Redo cohort (2.5±1.5; P=0.015). While the mean num-
ber of PVs treated per patient in the RFC-Redo cohort 
had a tendency to be higher than in the cryoballoon-
Redo cohort (2.4±1.4 versus 1.8±1.4; P=0.07), there 
was no statistical difference in the per-patient num-
ber of non-PVI ablations delivered during reablation 
(P=0.32; Table  4). Acute reisolation was achieved in 
all PVs except for one right superior PV treated with 
RFC during reablation. A total of 42 (47%) reablation 
patients underwent non-PV ablation. Non-PVI lesions 
were applied exclusively with RFC and were success-
ful except for mitral valve isthmus lines (50% success) 
and cavotricuspid isthmus blocks (80% success; Table 
I in the Data Supplement). There were no differences 
in reablation procedural duration, LA dwell time, and 
fluoroscopy time between cohorts (Table 5).

Reablation Patient Follow-Up
The length of hospital stay following the first repeat 
ablation was not different between cryoballoon-Redo 
and RFC-Redo cohorts (median 2 [interquartile range, 
1–3] nights in both groups; P=0.65). There was also 
no difference in the percentage of patients prescribed 
antiarrhythmic drugs at discharge following the repeat 
ablation: 31/53 (58%) of RFC-Redo patients versus 
19/36 (53%) of cryoballoon-Redo patients (P=0.67). 
Patients in the cryoballoon-Redo and RFC-Redo cohorts 
were followed for 1.4±0.8 and 1.3±0.8 years after the 
first reablation, respectively. Kaplan-Meier estimates of 
1-year freedom from all-cause rehospitalization after the 
first reablation in the cryoballoon-Redo and RFC-Redo 

Figure 2. Pulmonary vein (PV) reconnections identified during repeat 
ablation.  
A, Mean number of reconnected PVs according to patient group. In the 
radiofrequency current (RFC)-Redo cohort a significantly higher mean number 
of reconnected PVs per patient than in the cryoballoon (CB)-Redo cohort was 
observed during repeat ablation (P=0.01). B, Percentage of patients with 0 to 
4 reconnected PVs per patient according to patient group.

Table 3. Reconnected PVs at Time of Reablation

RFC-Redo  
(n=52)

CB-Redo 
(n=32) P Values*

Total number of reconnected PVs

                                Mean 2.1±1.4 1.4±1.1 0.010

                                Median 2 1  

                                LSPV 30/50 (60) 8/29 (28) 0.010

                                LIPV 25/50 (50) 10/30 (33) 0.17

                                LCPV 2/2 (100) 2/2 (100) 1.00

                                RSPV 27/52 (52) 9/31 (29) 0.07

                                RMPV NA NA  

                                RIPV 27/52 (52) 16/32 (50) 1.00

Values are mean±SD or n/N (%). CB indicates cryoballoon; LCPV, left 
common pulmonary vein; LIPV, left inferior pulmonary vein; LSPV, left superior 
pulmonary vein; NA, not applicable; PV, pulmonary vein; RFC, radiofrequency 
current; RIPV, right inferior pulmonary vein; RMPV, right middle pulmonary 
vein; and RSPV, right superior pulmonary vein.

*Fisher exact test for categorical variables, 2-sample t test for continuous 
variables.

Table 4. PV and Non-PV Lesions Applied During Reablation

RFC-Redo 
(n=53)

CB-Redo 
(n=36) P Values*

Patients with >1 PV 
treated

47 (88.7) 28 (77.8) 0.24

Total ablation sets (PVs+non-PV)

                                Mean 3.3±1.3 2.5±1.5 0.015

                                Median 3 2  

PVs treated per patient

                                Mean 2.4±1.4 1.8±1.4 0.07

                                Median 2 2  

Patients with PVI-only 
ablations

24 (45.3) 23 (63.9) 0.13

Non-PV ablations per patient

                                Mean 0.9±1.0 0.7±1.2 0.32

                                Median 1 0  

Values are mean±SD or n (%). CB indiates cryoballoon; PV, pulmonary vein; 
PVI, pulmonary vein isolation; and RFC, radiofrequency current.

*Fisher exact test for categorical variables, 2-sample t test for continuous 
variables.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 18, 2019

lijkt logisch onmiddellijk ablatiecirkel op vers weefsel vs. ablatie punt-per-punt in eigen oedeem



Een blik in de nabije toekomst

Electropora3e is  weefsel-specifiek (atriale cel ideaal target, omliggende 
structuren niet meebehandeld)), ultra-snelle (in seconden) abla3e door 
crea3e microscopische porien in cel membranen

First-in-human Electroporation Ablation Study Finds 
Pulsed Electric Fields Can Target Specific Tissue For 
Atrial Fibrillation



Resultaat in de subgroup hartfalen

prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)

.07

.16

.07

.93

.72

.15

.20

.73

.84

.72

.34

.38

The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.
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26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)
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25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)
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31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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Even terug naar de CABANA 



Daling mortaliteit en hartfalen hospitalisaties door AF ablatie
bij patiënten met hartfalen
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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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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 
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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 
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 
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Castle AF studie

AF en hartfalen complexe interactie doch AF is potentieel reversibele factor
Als je AF effectief kan behandelen dan doen patiënten het beter 

Bruggetje naar andere grote studie…  hou u vast aan de takken van de bomen “Castle-AF” studie



Co-morbiditeiten bepalen mede de uitkomst 

prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)
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Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.

Effect of Catheter Ablation vs Antiarrhythmic Drugs on Mortality, Stroke, Bleeding, and Cardiac Arrest in AF Original Investigation Research

jama.com (Reprinted) JAMA April 2, 2019 Volume 321, Number 13 1269

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a KU Leuven 2Bergen Biomedical Library User  on 04/10/2019

prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)
89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2 DS2 -VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)
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The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age !75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting !1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for !7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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Laatste maal terug naar CABANA 



Stapsgewijze toename in relatief risico binnen iedere risico factor

Fascinerende shift van AF als ‘ziekte van de oudere wordende 
patiënt’ naar ‘aandoening van de middelbare leeftijd’ 

verklaring  ligt in vele AF ‘drivers’ 

Ergens in de tijd…. 



Enkele nieuwkomers….



Lange werktijden (>55u/week vs. standaard 35-40) zijn 
geassocieerd met verhoogd CVA risico, doch ook met VKF   

Gecorrigeerd voor lifestyle factoren (roken, alcohol, obesitas) en socio-economische 
status en geen onderliggende CV ziekte 
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..

..

..

..

..

fibrillation reached statistical significance at conventional levels. In
contrast, the association was highly significant in our pooled sample
including a total of 1061 incident atrial fibrillation cases. The method
of atrial fibrillation ascertainment was not uniform across studies—in
only one study were participants repeatedly assessed using an elec-
trocardiogram, the gold standard method, while in two other studies
cases were identified via records from hospital admissions, death cer-
tificates or drug reimbursements, and in five studies only records
from hospital admissions and deaths were available. The occurrence
of atrial fibrillation is likely to be underestimated in the seven record
linkage studies as they may miss undiagnosed and mildly symptomatic
cases. While the study using an electrocardiogram is stronger meth-
odologically, atrial fibrillation can be episodic and these “paroxysmal”
cases are difficult to identify even with an electrocardiogram.
Importantly, however, the relative risk of atrial fibrillation among indi-
viduals with long working hours was similar across the studies irre-
spective of the method of ascertainment: 1.4 in the study with ECG
ascertainment, 1.3 in studies using hospital, prescription and death
records, and 1.4 in those with hospital and death records only. This
suggests that misclassification was random in terms of participants’
working hours and has therefore not caused a significant bias.

While novel and large in scale, our study has several limitations.
First, as described, heterogeneous assessment of atrial fibrillation is a
drawback. Second, working hours and lifestyle factors were only
assessed at study induction. As working hours vary over time, our
findings may under- or overestimate the true effect due to imprecise
measurement of long-term exposure. Similarly, a lack of repeat meas-
urement of lifestyle factors prevented us from examining potential
behavioural mediators in the association between long working
hours and atrial fibrillation. Third, the overall study population
(N = 85 494) included more women (65%) than men (35%). This was
because the largest cohort—the Finnish Public Sector study
(N = 44 505)—is 81% female reflecting the sex distribution of public
sector workers in Finland at the time of study enrolment. That there
was no significant sex difference in the association between working

hours and atrial fibrillation suggests our sex-adjusted analyses of men
and women combined provide an accurate estimation of the associa-
tion. Fourth, it is noteworthy that despite differences between the
studies in terms of year of recruitment (range from 1991 to 2004),

Figure 2 Association of categories of weekly working hours with incident atrial fibrillation. Estimates are adjusted for age, sex, and socioeconomic
status.

Summarizing Figure Association between working hours
and risk of atrial fibrillation (AF) in 85 494 men and women free of
AF at baseline. During the mean follow-up of 10.0 years, 1061 devel-
oped AF. The figure shows that persons who worked 55 hours or
more per week had a 1.4-fold increased risk of AF compared to
those working standard 35–40 weekly hours (A). This estimate did
not vary according to the method of AF ascertainment (B).

2626 M. Kivim€aki et al.

40% hoger risico op ontwikkeling van VKF 



Mediterrane dieet met extra olijfolie
is erg protectief 

Predimed studie Martinez-Gonzalez et al. 

22  Circulation  July 1, 2014

The strong relative risk reduction against AF found in the 
PREDIMED trial for EVOO in the context of a MeDiet pat-
tern is highly relevant given the need for interventions aimed 
at the primary prevention of AF. Several potential mecha-
nisms could explain the observed inverse association. First, 
the present results are congruent with the hypothesis of an 
inflammatory component in the pathogenesis of AF8,31 and 
with the demonstrated anti-inflammatory effects of EVOO, 
attributed to its richness in phenolic compounds.7,32,33 The 
association between a proinflammatory state and incidence 

of AF has been demonstrated extensively. For instance, 
higher levels of inflammatory markers, such as C-reactive 
protein or interleukin 6, have been associated with the risk 
of AF in prospective studies. The frequent occurrence of AF 
after cardiac surgery and the association between pericar-
dial fat volume and AF also support the inflammatory ori-
gin of this arrhythmia. EVOO, in the context of a MeDiet 
pattern, could decrease this inflammatory response. Second, 
oxidative stress can play a role in the development of AF.34 
Markers of oxidative stress have been found to be higher in 

Table 2. Incidence of AF According to Intervention: Intention-to-Treat Analyses—PREDIMED Trial, 2003 to 
2010

MeDiet + EVOO
(n=2292)

MeDiet + Nuts
(n=2210)

Control
(n=2203)

Cases, n 72 92 89

Person-years of follow-up 10 634 9333 8851

Crude rate/1000 person-years (95% CI) 6.8 (5.3–8.5) 9.9 (8.0–12.1) 10.1 (8.1–12.4)

Hazard ratios of AF by intervention group (95% CI)

  Crude model 0.62 (0.45–0.85) 0.89 (0.65–1.20) 1 (Reference)

  Age- and sex-adjusted model 0.64 (0.46–0.88) 0.90 (0.66–1.22) 1 (Reference)

  Multivariate-adjusted model 1* 0.62 (0.44–0.85) 0.86 (0.63–1.17) 1 (Reference)

  Multivariate-adjusted model 2† 0.62 (0.44–0.86) 0.87 (0.64–1.18) 1 (Reference)

  Multivariate-adjusted model 3‡ 0.62 (0.45–0.88) 0.90 (0.66–1.23) 1 (Reference)

Hazard ratios of AF or major CVD event

  Crude model 0.67 (0.54–0.84) 0.83 (0.67–1.03) 1 (Reference)

  Multivariate adjusted model 1* 0.71 (0.57–0.88) 0.85 (0.68–1.05) 1 (Reference)

All models were stratified by center and used robust variance estimators. AF indicates atrial fibrillation; CI, confidence interval; CVD, 
cardiovascular disease (stroke, myocardial infarction or cardiovascular death); EVOO, extravirgin olive oil; MeDiet, Mediterranean diet; and 
PREDIMED, Prevención con Dieta Mediterránea.

*Model 1 adjusted for age, sex, smoking (never, current, or former smoker), educational level, baseline height, body mass index, waist to 
height ratio, diabetes mellitus, hypertension, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, baseline systolic blood 
pressure, diastolic blood pressure, antihypertensive treatment, statin use, baseline adherence to the MeDiet, and preexisting arrhythmias.

†Model 2 was additionally adjusted for the nonfatal component of the primary end point (myocardial infarction, stroke) of the PREDIMED trial 
as a time-dependent covariate.

‡As in model 1 but with censoring of individuals at the time of nonfatal primary end points (myocardial infarction, stroke).

Figure 2. Incidence of atrial fibrillation 
by randomized group. Crude hazard 
ratios (95% confidence intervals) for 
the PREDIMED (Prevención con Dieta 
Mediterránea) trial, 2003 to 2010. CI 
indicates confidence interval; EVOO, 
extravirgin olive oil; HR, hazard ratio; and 
MeDiet, Mediterranean diet.
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Zeer relevant in primaire preventie AF 

Mogelijke verklaringen 

Inflammatie en 
oxidatieve stress rol  in AF 
pathogenese

Olijfolie door rijkdom een 
polyfenolen werkt anti-
inflammatoir en anti-
oxidatief 

Komt overeen met 
duidelijke daling in CRP 
waarden (niet in andere 
groepen)



Zelfs negatieve emoties triggeren AF, 
goede ‘luim’ werkt beschermend 

• Paroxysmale AF 
patiënten

• eDiary: neerschrijven 
emoties aan einde van 
de dag 

• 1/mnd Holter, bij 
symptomen event-
recording

• Einde-dag emotie met 
dag nadien AF 
vergeleken met einde-
dag emotie met dag 
nadien geen AF   

(1,2), data regarding preceding emotions in these
earlier studies were collected up to 4 days later,
resulting in the inability to exclude the potential of
recall bias. In this analysis, the eDiary decreases recall
bias because entries are immediate, but it does not
eliminate it. However, emotions reported on the
prospectively obtained, end-of-day summaries also
predicted symptomatic AF on the following day. By
decreasing recall bias, these data provide compelling
evidence that emotions can trigger spontaneous
clinical arrhythmia.

These results have significant clinical implications
for novel treatments for AF targeting the stress
response. Stress reduction therapy benefits patients
with coronary disease (4) and may decrease ventric-
ular arrhythmias in patients with defibrillators (5).

Limitations include incomplete compliance (al-
though similar to most diary-based studies). How-
ever, sensitivity analyses found the associations
were robust even in the setting of nonrandom
noncompliance. Because patients were not moni-
tored continuously, the possibility that asymp-
tomatic AF started earlier, leading to negative
emotion, and then became symptomatic cannot be
excluded. Finally, only symptomatic events were
analyzed, because there were too few asymptomatic
events recorded on Holter monitoring for meaningful
analysis.

In conclusion, negative emotions including anger,
anxiety, sadness, and stress trigger symptomatic AF,
whereas happiness is protective. Future research
should address whether stress reduction therapies
can reduce recurrence of AF.
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TABLE 1 Proximal Emotions and Atrial Fibrillation

Unadjusted Odds Ratio
Adjusted Odds Ratio

95% Confidence
Interval p Value

Happiness 0.15 0.09–0.25 <0.0001

0.12 0.06–0.22 <0.0001

Sadness 5.39 3.11–9.34 <0.0001

5.59 3.20–9.75 <0.0001

Anger 3.94 2.12–7.34 <0.0001

4.46 2.38–8.36 0.004

Stress 2.92 1.52–5.59 0.001

3.07 1.53–6.13 0.002

Impatience 2.92 1.52–5.59 0.001

3.07 1.53–6.13 0.002

Anxiety 4.27 1.85–9.83 0.0008

4.41 1.80–10.78 0.001

Hunger 0.93 0.64–1.36 0.72

0.98 0.68–1.40 0.90

Odds ratios quantify the likelihood of atrial fibrillation after periods during which
patients endorsed, compared with those during which they did not endorse, a
particular emotion. Multivariable models adjusted for age, sex, use of beta-
blockers, simultaneous alcohol intake, time of day, day of week (weekday/week-
end), and season and included all emotions.

TABLE 2 End-of-Day Emotion Summary and
Next-Day Atrial Fibrillation

Unadjusted Odds Ratio
Adjusted Odds Ratio

95% Confidence
Interval p Value

Good mood 0.82 0.53–1.27 0.38

0.81 0.54–1.21 0.36

Sadness 1.22 0.78–1.89 0.39

1.25 0.78–2.00 0.36

Anger 1.69 1.01–2.81 0.05

1.73 1.04–2.90 0.04

Stress 1.82 1.16–2.84 0.009

1.88 1.18–3.02 0.008

Impatience 1.44 0.98–2.11 0.07

1.48 0.99–2.23 0.06

Worry 1.37 0.88–2.15 0.17

1.44 0.89–2.34 0.14

Odds ratios quantify the likelihood of atrial fibrillation after periods during which
patients endorsed, compared with those during which they did not endorse, a
particular emotion. Multivariable models adjusted for age, sex, use of beta-
blockers, simultaneous alcohol intake, day of week (weekday/weekend), and
season and included all emotions.
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Nog enkele wist-je-datjes 

• Bij rookstop daling AF risico met 36%
• Zelfs 1 glas alcohol per dag het AF risico verhoogt
• Er geen link is tussen AF en koffie, thee of 

chocolade
• Je tijdens gelukkige dagen 85% lager risico hebt op 

AF
• Yoga (zonder snuiven) het AF risico doet dalen met 

24% . 
• Fysieke actief zijn beschermend is (uitzondering

intensieve duursporter)



Onderkenning belang van 
risicofactoren laatste jaren fors 

toegenomen vooral door 
modifieerbaarheid, indien 
correctie facilitatie behoud 

sinusritme met betere respons 
na PVI  



Risicofactor management nu 4de pijler in de AF R/ 

Anticobeleid, CVA preventie 
“Rate” 

controle

“Ritme”controle

Risk factor modification

Trukken ter verbetering structurele en elektrische 

gezondheid atrium

‘gewichtsverlies, slaapapnee, regelmatig bewegen bij 

sedentaire patiënten, alcoholbeperking’  

Belangrijke rol van huisarts, evt. aanvulling  in toekomst met AF verpleegkundige   

Je risicofactoren aanpakken= Fitness en yoga voor het atrium 

De tafel blijft eindelijk rechtstaan… 



Alcohol abstinentie in regelmatige drinkers met AF 
gepaard met daling aritmie-recidieven

n engl j med 382;1 nejm.org January 2, 202026

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

with a reduction in recurrence of atrial fibrilla-
tion and a reduced proportion of time spent in 
atrial fibrillation. Earlier meta-analyses showed 
that alcohol was associated with a dose-related 
increased risk of incident atrial fibrillation, with 
increased risk observed even among drinkers 
who consumed as few as 7 drinks per week.8 
Current trends show a rise in alcohol consump-
tion among adults older than 60 years of age,2 
coupled with greater prevalence of atrial fibrilla-
tion in this age group. The present study, with 
participants having an average intake of approxi-
mately 17 drinks per week at baseline, suggests 
that consumption at these levels may contribute 
to atrial fibrillation.

The mechanisms by which abstinence reduces 
arrhythmia burden are probably multifactorial. 
Alcohol is the most common trigger of atrial 
fibrillation reported by 35% of patients9 and is 
associated with autonomic modulation with re-
duced heart rate variability,10,11 sympathetic ef-
fects,12 and vagal stimulation.13 Binge drinking 
has also been associated with acute cardiac in-
flammation.14 Observational studies link regular 
alcohol consumption (as compared with no alco-
hol consumption) with dose-related increases in 
left atrial size,15 impairments in atrial mechanical 
and reservoir function,16 and adverse electrical 
remodeling.17 Numerous studies have also re-
ported higher rates of recurrence of atrial fibril-
lation after catheter ablation among regular 
drinkers than among nondrinkers.18-20

Given an energy content of 7 kcal per gram, 
excessive alcohol consumption can contribute to 
weight gain.21 In the present study, abstinence 
was associated with modest weight loss without 
specific additional measures employed. Since epi-
cardial fat has proarrhythmic properties that are 
mediated by inflammation and profibrotic para-
crine effects, reduction in epicardial fat through 
weight loss may mitigate these proarrhythmic 
effects.22,23 Alcohol has been causally linked to 
systolic hypertension. Proposed mechanisms in-
clude activation of the renin–angiotensin system, 
increased vascular reactivity, and inhibition of 
endothelial nitric oxide production.24 A recent 
meta-analysis showed a dose-dependent risk of 
hypertension among men, even with consump-
tion of 1 to 2 drinks per day.25 Although our 
analyses of blood pressure should be interpreted 
with caution owing to missing data for many 

Variable

Abstinence 
Group 

(N = 70)

Control 
Group 

(N = 70)

Alcohol intake — no. of standard drinks/wk 16.8±7.7 16.4±6.9

Beverages consumed — no. (%)

Wine 48 (69) 47 (67)

Beer 34 (49) 34 (49)

Spirits 13 (19) 9 (13)

Binge drinking — no. (%)* 20 (29) 16 (23)

*  Binge drinking was defined as consumption of 5 or more drinks on a single 
occasion at least once a month.

Table 2. Alcohol Intake at Baseline.

Figure 2. Time to Recurrence of Atrial Fibrillation.
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Figure 3. Atrial Fibrillation Burden in the Abstinence and Control Groups.

Atrial fibrillation burden is the percentage of time the patient was in atrial 
fibrillation during the entire 6-month follow-up period.
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with a reduction in recurrence of atrial fibrilla-
tion and a reduced proportion of time spent in 
atrial fibrillation. Earlier meta-analyses showed 
that alcohol was associated with a dose-related 
increased risk of incident atrial fibrillation, with 
increased risk observed even among drinkers 
who consumed as few as 7 drinks per week.8 
Current trends show a rise in alcohol consump-
tion among adults older than 60 years of age,2 
coupled with greater prevalence of atrial fibrilla-
tion in this age group. The present study, with 
participants having an average intake of approxi-
mately 17 drinks per week at baseline, suggests 
that consumption at these levels may contribute 
to atrial fibrillation.

The mechanisms by which abstinence reduces 
arrhythmia burden are probably multifactorial. 
Alcohol is the most common trigger of atrial 
fibrillation reported by 35% of patients9 and is 
associated with autonomic modulation with re-
duced heart rate variability,10,11 sympathetic ef-
fects,12 and vagal stimulation.13 Binge drinking 
has also been associated with acute cardiac in-
flammation.14 Observational studies link regular 
alcohol consumption (as compared with no alco-
hol consumption) with dose-related increases in 
left atrial size,15 impairments in atrial mechanical 
and reservoir function,16 and adverse electrical 
remodeling.17 Numerous studies have also re-
ported higher rates of recurrence of atrial fibril-
lation after catheter ablation among regular 
drinkers than among nondrinkers.18-20

Given an energy content of 7 kcal per gram, 
excessive alcohol consumption can contribute to 
weight gain.21 In the present study, abstinence 
was associated with modest weight loss without 
specific additional measures employed. Since epi-
cardial fat has proarrhythmic properties that are 
mediated by inflammation and profibrotic para-
crine effects, reduction in epicardial fat through 
weight loss may mitigate these proarrhythmic 
effects.22,23 Alcohol has been causally linked to 
systolic hypertension. Proposed mechanisms in-
clude activation of the renin–angiotensin system, 
increased vascular reactivity, and inhibition of 
endothelial nitric oxide production.24 A recent 
meta-analysis showed a dose-dependent risk of 
hypertension among men, even with consump-
tion of 1 to 2 drinks per day.25 Although our 
analyses of blood pressure should be interpreted 
with caution owing to missing data for many 

Variable

Abstinence 
Group 

(N = 70)

Control 
Group 

(N = 70)

Alcohol intake — no. of standard drinks/wk 16.8±7.7 16.4±6.9

Beverages consumed — no. (%)

Wine 48 (69) 47 (67)

Beer 34 (49) 34 (49)

Spirits 13 (19) 9 (13)

Binge drinking — no. (%)* 20 (29) 16 (23)

*  Binge drinking was defined as consumption of 5 or more drinks on a single 
occasion at least once a month.

Table 2. Alcohol Intake at Baseline.

Figure 2. Time to Recurrence of Atrial Fibrillation.
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Figure 3. Atrial Fibrillation Burden in the Abstinence and Control Groups.

Atrial fibrillation burden is the percentage of time the patient was in atrial 
fibrillation during the entire 6-month follow-up period.
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2.1±3.7 (daling met 87.5%), 

Mechanisme? Vermoedelijk multifactorieel
Alcohol gekende trigger AF, associatie met autonome modulatie met gedaalde HR 
variabiliteit en vagale stimulatie, associatie ‘binge ‘drinking en inflammatie, 
negatieve invloed alcohol op linkeratrium, associatie alcohol en obesitas, …



Obesitas: meestal cluster van meerdere co-morbiditeiten

Legacy studie 

Obesity is associated with structural and electrical
remodeling of the atria that forms the substrate in the
development and progression of AF (19,20). Weight
loss results in reversal of atrial dilation and left ven-
tricular hypertrophy, as well as a marked reduction of
AF symptoms and arrhythmia burden (14). However,
controversies exist regarding the long-term sus-
tainability of weight loss (21). In the present study,
progressive and linear weight loss of $10% was
associated with marked improvement in long-term
freedom from AF. Previously symptomatic AF pa-
tients (45.5%) no longer required antiarrhythmic
medications or ablation. In this study, 66% of the
patients who lost $10% weight maintained the weight
loss at long-term follow-up. Notably, participation in
a dedicated weight management clinic was associated
with higher weight loss maintenance. These results
highlight the central role of a dedicated weight
management clinic in treating overweight and obese
patients with AF.

Our data provided a unique opportunity to ascer-
tain the effect of weight fluctuation during the weight
loss process. Our results revealed that >5% weight
fluctuation lessened the benefit conferred by weight

loss. This effect of weight fluctuation on AF recur-
rence risk remained significant despite adjusting for
baseline weight, and was in accord with previous
studies that showed that weight fluctuation was
associated with an increased risk of hypertension and
diabetes, as well as an increase in other cardio-
metabolic traits (22–25). Weight fluctuation occurred
significantly less often in patients who regularly
attended the dedicated weight management clinic.
Patient engagement and collaborative involvement
improved treatment plan adherence and persistence,
and might be “the forgotten piece” in the compliance
puzzle.

It is probable that multiple mechanisms contrib-
uted to the impact of weight loss on reduction of AF
burden. Obesity clusters with other cardiovascular
risk factors, including impaired glucose tolerance,
dyslipidemia, hypertension, and sleep apnea (26,27),
which are all associated with an increased AF risk in
the general population (12,13,28). Intentional weight
loss in obese patients systematically reduces these
allied risk factors (29–33). In this study, we observed
the beneficial effects of weight loss on BP, diabetic
control, the lipid profile, and inflammation, all of

CENTRAL ILLUSTRATION Weight Management and Atrial Fibrillation

Pathak, R.K. et al. J Am Coll Cardiol. 2015; 65(20):2159–69.

(Left) Obesity is associated with a variety of associated comorbidities. These are all associated with progression of the atrial substrate and the development of atrial
fibrillation (AF). (Top) A dedicated weight management program with weight loss (WL) is associated with reverse remodeling of the atrial substrate and a dose-
dependent reduction in the AF burden, which is sustained in the long term. (Bottom) The consequence of weight fluctuation, which somewhat curtails the beneficial
effects of WL.

J A C C V O L . 6 5 , N O . 2 0 , 2 0 1 5 Pathak et al.
M A Y 2 6 , 2 0 1 5 : 2 1 5 9 – 6 9 Weight Management and AF
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Progressief effect gewichtsverlies dosis-afhankelijk met daling AF risico, 
ook beter niet te veel schommelingen tijdens vermageringsproces 
(best lineair)

Met de zekerheid een open deur in te trappen… misschien wel risicofactor nummer 1 



AHT, glucose-
intolerantie, 

hyperlipidemie, 
OSAS, smoking, 

alcohol exces

The ARREST-AF Cohort study

≈ (strikte) 
cardiale 
revalidatie

Revalidatie met aandacht voor risicofactoren nu integraal 
deel ablatie behandeling  



Impressionante modificatie van risicofactoren 
echo-bevindingen en symptomen

Pathak R. et al. The ARREST-AF Cohort study. JACC 2014. 



Risico factor management verbetert lange 
termijn uitkomst na ablatie 

Abla6e als onderdeel van behandeling , naast aanpak onderliggende oorzaken



with 80% AF free survival as compared to 47% AF free
survival in non-CPAP users following AF ablation [54]. A
more recent study has confirmed the benefits of CPAP ther-
apy on outcomes of AF ablation in patients with OSA with
2.4-fold AF recurrence in patients not using CPAP [52].
Similar reduction in AF recurrence has been described after
cardioversion [55]. It seems that these beneficial effects of
CPAP are achieved through modulation of neurohumoral
activation which likely affects cardiac remodelling. Reduced
sympathetic activity and sympatho-vagal imbalance as well
as decreased markers of inflammation and oxidative stress
have all been demonstrated across a spectrum of studies [56].
Additionally, treatment with CPAP also impacts other risk
factors that promote AF. A randomised controlled trial of
patients with moderate to severe OSA and the metabolic
syndrome found that just three months of CPAP could lower
systolic and diastolic blood pressures and partially reverse
metabolic abnormalities [57]. This result serves to highlight
the interdependence of modifiable risk factors and the need
for a comprehensive approach to their management.

Hypertension and  Other Reversible Risk
Factors
There is paucity of clinical studies specifically examining the
treatment of hypertension as an intervention for existing AF,
but it seems intuitive that this should contribute to enhanced
rhythm control. In patients with hypertension and ECG
criteria for LVH, treatment to a systolic blood pressure
(SBP) !130 mmHg was associated with a 40% lower risk

of developing new AF compared to SBP "142 mmHg [58].
In patients with existing AF, there is strong evidence that
uncontrolled hypertension increases rates of AF progression
and results in poorer outcomes after ablation and cardiover-
sion [3,59,60]. The ARREST-AF study showed that poor
blood pressure control was associated with a reduced free-
dom from AF (HR 1.3; p < 0.02) [23]. However, this was not
statistically significant after adjusting for weight change,
suggesting that weight reduction mediates some of the desir-
able outcomes through blood pressure control. The recently
presented Substrate Modification with Aggressive Blood
Pressure Control (SMAC-AF) trial did not demonstrate
improvement in AF free survival with aggressive blood
pressure control [61]. However, in contrast to ARREST-AF
cohort study, blood pressure was the only reversible risk
factor modified in the SMAC-AF study. Furthermore,
blood pressure was only mildly elevated at baseline in the
SMAC-AF cohort [62].
The evidence for glycaemic control, dyslipidaemia man-

agement and alcohol cessation in improving AF outcomes is
less robust. In the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial, intense glycaemic control defined
as a HbA1c <6.0% was not superior to the less stringent
target of 7.0–7.9% in preventing new AF [63]. On the other
hand, whilst a large cohort study of patients with type 2
diabetes found that long-term metformin use offered some
protection against de novo AF, it was unclear whether this
was attributable to glycaemic control or the ability of metfor-
min to attenuate inflammatory responses and oxidative

Figure 2 Risk factor management goals (from Lau DH et al [44]).

Risk Factors and AF 993

Binnenkort ook lijstje voor iedere AF patiënt op je bureau met de te behalen targets  
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Heel erg bedankt! 




