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eTable 1. CABANA Inclusion/Exclusion Criteria 
 

Inclusion Exclusion 
1. Over the preceding 6 months have: 

 ≥2 paroxysmal (electrocardiographic 
documentation of at least 1) AF episodes 
lasting ≥1 hour in duration: (that terminate 
spontaneously within 7 days or cardioversion is 
performed within 48h of AF onset): or 

 electrocardiographic documentation of 1 
persistent AF episode: (sustained for ≥7 days or 
cardioversion is performed more than 48h after 
AF onset): or 

 electrocardiographic documentation of 1 
longstanding persistent AF episode: (continuous 
AF of duration >1 year) 

2. Warrant active therapy (within the past 3 months) 
beyond simple ongoing observation 

3. Be eligible for catheter ablation and ≥2 sequential 
rhythm control and/or ≥2 rate control drugs. 

4. Be ≥65 yrs of age, or <65 yrs with one or more of the 
following risk factors for stroke: 
 Hypertension (treated and/or defined as a BP 

>140/90 mmHg), 
 Diabetes (treated and/or defined as a fasting 

glucose ≥126 mg/dl), 
 Congestive heart failure (including systolic or 

diastolic heart failure), 
 Prior stroke, TIA or systemic emboli, 
 Atherosclerotic vascular disease (previous MI, 

peripheral arterial disease or aortic plaque), 
 Left atrial size >5.0 cm (or volume index ≥40 

cc/m2), or 
 Ejection fraction ≤35. 
 Subjects <65 yrs of age whose only risk factor is 

hypertension must have a second risk factor or 
LV hypertrophy to qualify. 

5. Have the capacity to understand and sign an informed 
consent form. 

6. Be ≥18 years of age. 

1. Lone AF in the absence of risk factors for stroke in 
patients <65 years of age 

2. Patients who in the opinion of the managing 
clinician should not yet receive any therapy for AF 

3. Patients who have failed >2 membrane active 
antiarrhythmic drugs at a therapeutic dose due to 
inefficacy or side effects 

4. An efficacy failure of full dose amiodarone 
treatment >8 weeks duration at any time 

5. Reversible causes of AF including thyroid 
disorders, acute alcohol intoxication, recent major 
surgical procedures, or trauma 

6. Recent cardiac events including MI, PCI, or valve 
or bypass surgery in the preceding 3 months 

7. Hypertrophic obstructive cardiomyopathy (outflow 
track) 

8. Class IV angina or Class IV CHF (including past or 
planned heart transplantation) 

9. Other arrhythmias mandating antiarrhythmic drug 
therapy (i.e. VT, VF) 

10. Heritable arrhythmias or increased risk for torsade 
de pointes with class I or III drugs 

11. Prior LA catheter ablation with the intention of 
treating AF 

12. Prior surgical interventions for AF such as the 
13. MAZE procedure 
14. Prior AV nodal ablation 
15. Patients with other arrhythmias requiring ablative 

therapy 
16. Contraindication to appropriate anticoagulation 

therapy 
17. Renal failure requiring dialysis 
18. Medical conditions limiting expected survival to <1 

year 
19. Women of childbearing potential (unless post- 

menopausal or surgically sterile) 
20. Participation in any other clinical mortality trial 

(Participation in other non-mortality trials should be 
reviewed with the clinical trial management center) 

21. Unable to give informed consent 
NOTE: Subjects may have recent onset AF (in the past 4-6 months), AF present for a longer time period, or may 
have been treated with a single antiarrhythmic drug, providing they remain realistically eligible for ≥2 membrane 
active drugs and/or ≥2 rate control agents. Patients receiving new drug therapy initiated within the previous 3 
months may continue that therapy if randomized to the drug therapy arm. Reasonable expectation of a response to 
therapy must be present. Subjects will not be excluded because of advancing age or underlying heart disease. 
Subjects with a history of a single episode of paroxysmal AF do not meet the “crossing the threshold/warranting 
therapy” litmus test. Subjects with persistent or long-standing persistent AF will require at least 1 documented 
episode, if it is of sufficient clinical importance that drug or ablative therapy is warranted. Subjects can be 
randomized before cardioversion, even if restoration of sinus rhythm is a desired endpoint of therapy. Patients may 
have documented atrial flutter in addition to atrial fibrillation and remain eligible for enrollment. 
* The vast majority of patients will be sufficiently symptomatic to cross the “therapy threshold” to active rate or 
rhythm control. Asymptomatic patients will be less common, but may be enrolled, if their AF is jeopardizing 
ventricular function, felt to be aggravating underlying disease, or requiring therapy to prevent sequelae of AF. 
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eTable 2. CABANA Secondary End Points 
 

1. Total mortality 

2. Total mortality or cardiovascular hospitalization 

3. Total mortality, stroke, or CV hospitalization (for heart failure or acute ischemic events) 

4. Cardiovascular death 

5. Cardiovascular death or disabling stroke 

6. Arrhythmic death or cardiac arrest 

7. Heart failure death 

8. Recurrent AF 

9. Cardiovascular hospitalization 

10. Medical costs, resource utilization, and cost effectiveness 

11. Quality of Life 

12. Composite adverse events 

13. LA size, morphology and function 



© 2019 American Medical Association. All rights reserved. 

eTable 3. Baseline Characteristics of Patients Randomized to Ablation Who Did vs 
Did Not Receive the Ablation 

 
 Ablated 

n = 1006 
No. %* 

Not Ablated 
n = 102 
No. % 

P-Value 

Demographics    
Age   0.263 

Median (Q1, Q3) 68 (62, 72) 69 (63, 73)  
< 65 years old 34.3% 29.4%  
65 to < 75 years old 51.9% 53.9%  
≥ 75 years old 13.8% 16.7%  

Gender   0.670 
Male 62.9% 60.8%  
Female 37.1% 39.2%  

Minoritya 9.2% 20.8% <0.001 
BMIb    

Median (Q1, Q3) 30 (26, 35) 30 (28, 35) 0.671 
Presenting Characteristics    
AF severity (CCS class)c   0.131 

Class 0 (0 least severe) 9.0% 15.3%  
Class 1 14.7% 19.4%  
Class 2/3 69.0% 60.2%  
Class 4 (4 most severe) 7.3% 5.1%  

Heart function severity (NYHA Class)d   0.176 
Class I (I least severe) 14.1% 12.0%  
Class II/III (IV most severe) 34.5% 34.0%  

Medical History    
Hypertension 78.8% 81.4% 0.547 
LVH 39.2% 32.4% 0.258 
Hypertension or LVH 83.2% 85.3% 0.588 
Diabetes 24.8% 30.4% 0.212 
Prior CVA 6.2% 5.9% 0.910 
Prior CVA or TIA 10.7% 8.8% 0.549 
Thromboembolic events 4.0% 1.0% 0.169 
CAD 18.9% 17.6% 0.760 
Congestive Heart Failure 15.1% 21.6% 0.088 
Sleep apnea 24.1% 19.6% 0.314 
Family History of AF 11.5% 14.7% 0.331 
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eTable 3. Baseline Characteristics of Patients Randomized to Ablation Who Did 
vs Did Not Receive the Ablation (continued) 

 
 Ablated 

n = 1006 
No. %* 

Not Ablated 
n = 102 
No. % 

P-Value 

Co-morbidities    
EF ≤ 35% 4.7% 5.9% 0.666 
 
CHA2DS2-VASce 

   

Median (Q1, Q3) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 0.431 
0 – 1 (0-1 lowest risk ) 18.7% 19.6%)  
2 25.0% 21.6%  
3 28.1% 24.5%  
4 15.8% 18.6%  
>5 (9 highest risk) 12.4% 15.7%  

Arrhythmia History    
Years since onset of AF    

Median (Q1, Q3) 1.1 (0.3, 3.9) 1.1 (0.3, 4.5) 0.902 
Type of AF at enrollmentf   0.733 

Paroxysmal 42.7% 39.2%  
Persistent 46.9% 51.0%  
Longstanding Persistent 10.3% 9.8%  

Prior Hospitalization for AF 39.8% 48.5% 0.089 
Prior direct cardioversion 35.8% 37.6% 0.714 
History of atrial flutter 12.9% 12.9% 0.999 
Prior catheter ablation for atrial flutter 

4.5% 3.0% 0.795 
 

* Unless otherwise noted 
n=number, Q1 and Q3=quartiles (25th and 75th percentiles), BMI=body mass index, CCS=Canadian 
Cardiovascular Society, AF=atrial fibrillation, NYHA=New York Heart Association, CHF=congestive heart 
failure, LVH=left ventricular hypertrophy, CVA=cerebral vascular accident, TIA=transient ischemic attack, 
CAD=coronary artery disease, EF=ejection fraction 
a Minority 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. 
bCalculated as weight in kilograms divided by height in meters squared. 
cOn a scale of 0 to 4 in which 0 is the least severe and 4 is the most severe symptoms of AF. 
d On a scale of I to IV in which I is the least severe and IV is the most severe symptoms of heart failure. 
e On a scale of 0 to 9 in which 0 is the lowest risk of stroke and 9 is the highest risk of stroke. 
f Type of AF (paroxysmal = AF episodes lasting ≥1 hour in duration that terminate spontaneously within 7 
days or cardioversion is performed within 48h of AF onset; Persistent = AF episode sustained for ≥7 days 
or cardioversion is performed more than 48h after AF onset; Longstanding Persistent = continuous AF of 
duration >1 year. 
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eTable 4. Rate and Rhythm Control Drug Use in the CABANA Treatment Groups 
(As Randomized) (A) At Enrollment and (B) During Follow-up After the Blanking 
Period* 

 
 At Enrollment After Blanking Period 

Ablation 
Group 

Drug 
Group 

Ablation 
Group 

Drug 
Group 

Rate Control Therapy 79% 79% 83% 85% 
Beta Blocker 67% 67% 75% 74% 
Calcium Blocker 28% 28% 33% 36% 
Digoxin 10% 9% 7% 11% 

     
Rhythm Control Therapy 28% 37% 45%** 84% 

Propafenone 5% 5% 6% 12% 
Flecainide 7% 12% 10% 22% 
Sotalol 7% 9% 12% 22% 
Dofetilide 2% 3% 7% 16% 
Amiodarone 3% 5% 17% 32% 
Quinidine 0.2% 0% 0% 0% 
Dronedarone 4% 4% 5% 11% 
Procainamide 0.3% 0% 0% 0% 
Pilsicainide 0% 0% 0% 0.2% 
Other 0.2% 0.1% 0.8% 1.4% 

 

*Drug use numbers during follow-up represent the percentage of patients in each group who took the 
drugs for any duration after the blanking period.  For the ablation group, however, the calculations added 
a 3-month window after the blanking period, allowing time to resolve whether antiarrhythmic drugs that 
may have been used during the blanking period would be stopped or continued. ** Only 44.6% of ablation 
patients received an antiarrhythmic drug during the course of the trial following the blanking period. 
Some of these patients were on drugs that were at lower or equal doses than at pre-randomization. Only 
26.5% of ablation patients were receiving antiarrhythmic drug therapy by the end of follow-up, which is 
comparable to other RCTs dealing with ablation, including CASTLE AF, STOP AF, and RAAFT2 
(7,10,31). It has been standard procedure to allow a patient in an ablation arm, still on a drug, to be 
counted as efficacy or control, if the patient was on the same or a lower dose of the drug as compared to 
a similar drug prior to randomization if their baseline AF episode rate had been eliminated. 
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eTable 5. Baseline Characteristics of Patients Randomized to the Drug Group 
Who Did vs Did Not Cross Over to Ablation 

 
 Stayed with Drug 

Therapy (no 
crossover) 

n = 795 
No. %* 

 
Crossed over to 

Ablation 
n = 301 
No. % 

 
 

P-Value 

Demographics    
Age   0.010 

Median (Q1, Q3) 68 (63, 73) 67 (61, 71)  
< 65 years old 35.0% 37.5%  
65 to < 75 years old 49.8% 52.2%  
≥ 75 years old 15.2% 10.3%  

Gender   0.107 
Male 61.5% 66.8%  
Female 38.5% 33.2%  

Minoritya 10.7% 9.0% 0.394 
BMIb    

Median (Q1, Q3) 30 (26, 35) 30 (27, 35) 0.856 
Presenting Characteristics    
AF severity (CCS class)c   0.003 

Class 0 (0 least severe) 11.1% 10.0%  
Class 1 17.3% 12.0%  
Class 2/3 66.8% 69.0%  
Class 4 (4 most severe) 4.8% 9.0%  

Heart function severity (NYHA Class)d   <0.001 
No CHF 47.5% 62.9%  
Class I (I least severe) 13.2% 7.4%  
Class II/III (IV most severe) 39.4% 29.7%  

Medical History    
Hypertension 82.1% 82.4% 0.915 
LVH 41.5% 43.6% 0.613 
Hypertension or LVH 89.3% 91.8% 0.243 
Diabetes 23.2% 32.2% 0.002 
Prior CVA 5.8% 4.0% 0.233 
Prior CVA or TIA 9.3% 9.6% 0.874 
Thromboembolic events 4.0% 5.6% 0.248 
CAD 19.0% 21.6% 0.339 
Congestive Heart Failure 16.6% 10.3% 0.009 
Sleep apnea 21.8% 24.3% 0.383 
Family History of AF 10.2% 13.8% 0.098 
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eTable 5. Baseline Characteristics of Patients Randomized to the Drug Group Who 
Did vs Did Not Cross Over to Ablation (continued) 

 
 Stayed with Drug 

Therapy (no 
crossover) 

n = 795 
No. %* 

 
Crossed over to 

Ablation 
n = 301 
No. % 

 
 

P-Value 

Co-morbidities    
EF ≤ 35% 4.4% 3.6% 0.662 
CHA DS  – VASce

 
2 2    

Median (Q1, Q3) 3.0 (2.0, 4.0) 3.0 (2.0, 3.0) 0.881 
0 – 1 (0-1 lowest risk) 17.6% 15.6%  
2 27.2% 24.9%  
3 27.9% 35.6%  
4 13.5% 14.6%  
>5 (9 highest risk) 13.8% 9.3%  

Arrhythmia History    
Years since onset of AF    

Median (Q1, Q3) 1.1 (0.3, 3.5) 1.3 (0.3, 4.1) 0.236 
Type of AF at enrollmentf   0.002 

Paroxysmal 41.4% 48.8%  
Persistent 47.6% 46.5%  
Longstanding Persistent 11.0% 4.7%  

Prior Hospitalization for AF 36.8% 44.2% 0.025 
Prior direct cardioversion 36.0% 41.5% 0.093 
History of atrial flutter 15.3% 12.8% 0.284 
Prior catheter ablation for atrial flutter 6.1% 4.0% 0.179 

 

*Unless otherwise noted 
n=number, Q1 and Q3=quartiles (25th and 75th percentiles), BMI=body mass index, CCS=Canadian 
Cardiovascular Society, AF=atrial fibrillation, NYHA=New York Heart Association, CHF=congestive  heart 
failure, LVH=left ventricular hypertrophy, CVA=cerebral vascular accident, TIA=transient ischemic  attack, 
CAD=coronary artery disease, EF=ejection fraction 
a Minority 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. 
bCalculated as weight in kilograms divided by height in meters squared. 
cOn a scale of 0 to 4 in which 0 is the least severe and 4 is the most severe symptom of AF. 
d On a scale of I to IV in which I is the least severe and IV is the most severe symptom of heart failure. 
e On a scale of 0 to 9 in which 0 is the lowest risk of stroke and 9 is the highest risk of stroke. 
f Type of AF (paroxysmal = AF episodes lasting ≥1 hour in duration that terminate spontaneously within 7 
days or cardioversion is performed within 48h of AF onset; Persistent = AF episode sustained for ≥7 days 
or cardioversion is performed more than 48h after AF onset; Longstanding Persistent = continuous AF of 
duration >1 year. 
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eTable 6. Reasons for CABANA Cardiovascular Hospitalizations 
 

 
Reason 

Ablation 
(n=1108

Drug 
(n=1096

CV Hospitalization*   
Heart failure 34 26 
Acute Coronary Syndrome 42 49 
Stroke or TIA 19 16 
Arrhythmia Occurrences   

Antiarrhythmic drug or dose change including 
possible proarrhythmia 51 100 

Rate control/rapid ventricular response 12 4 
Cardioversion 73 75 
Ventricular arrhythmia 3 5 
Resuscitated cardiac arrest 0 1 
Pacemaker implantation 16 30 
Other device implant (ICD, other) 14 10 

Serious bleeding 8 7 
Valvular intervention 2 4 
Other CV reasons (syncope, blood pressure,etc.) 75 68 

   
Total 556 (50.2%) 605 (55.2%) 

 

CV=cardiovascular; TIA=transient ischemic attack; ICD=implantable cardioverter-defibrillator 
*The counts for cardiovascular hospitalizations do not include hospitalization for the initial ablation for 
patients randomized to the ablation group, or hospitalization to initiate drug therapy for patients 
randomized to the drug group. 
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eTable 7. Deaths and Strokes in CABANA Patients (As Randomized) With An 
Event < 30 Days Following Treatment vs Later During Follow-up 

 
  

Death 

 
Disabling 
Stroke* 

 
Any Stroke 

Ablation Group (n=1108)    
    

≤30 days after ablation 0 0 4 
>30 days after ablation 51 3 22 
Never ablated (n=102) 7 0 1 

Total 58 3 27 
    
Drug Therapy Group (n=1096)    

≤30 days after initiating drug 0 1 3 
>30 days after initiating drug 67 6 35 
Never started drug therapy (n=4) 0 0 1 

Total 67 7 39 
    
Drug Group Patients Who Crossed Over to 
Ablation (n=301) ** 

   

Patients with event prior to crossover -- 0 5 
Patients with event after crossover 7 0 7 

 

*The any stroke numbers also include the disabling strokes. 
**The event numbers for the 301 crossover patients are a subset of the numbers for the total Drug 
Therapy Group (n=1096). 
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eTable 8. Results of Treatment Received and Per-Protocol Analyses 
 
 

 Hazard Ratio 95% CI P-Value 
Treatment Received*    
Primary Endpoint    

Method 1 0.72 (0.54, 0.97) 0.031 
Method 2ϯ 0.67 (0.50, 0.89) 0.006 
Method 3 0.76 (0.57, 1.01) 0.062 

Mortality    
Method 1 0.63 (0.44, 0.91) 0.012 
Method 2ϯ 0.60 (0.42, 0.86) 0.005 
Method 3 0.65 (0.46, 0.93) 0.018 

    
Per-Protocol Analysis    
Primary Endpoint    

3-month time window 0.67 (0.49, 0.93) 0.016 
6-month time window 0.74 (0.54, 1.01) 0.056 
1-year time window 0.73 (0.54, 0.99) 0.046 

Mortality    
3-month time window 0.66 (0.45, 0.97) 0.036 
6-month time window 0.69 (0.47, 1.01) 0.055 
1-year time window 0.68 (0.47, 0.99) 0.047 

*Analyses performed using the Cox model with treatment as a time-dependent covariate 
ϯPrespecified Method for the Treatment Received analysis 
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eTable 9. Adverse Events in Patients Randomized to Drug Therapy 
 
 Patients Receiving Drug 

n = 1092 
Event n (%)* 

Hyper- or hypothyroidism 17 (1.6) 
Hypotension 3 (0.3) 
Major proarrhythmic event (VT,VF) 9 (0.8) 
Torsades des pointes 0 
Atrial proarrhythmic event 1 (0.1) 
Heart failure 0 
Allergic reaction 7 (0.6) 
Gastrointestinal abnormality excluding moderate/severe 3 (0.3) 
Moderate or severe diarrhea 0 
Liver injury/failure 3 (0.3) 
Pulmonary toxicity 1 (0.1) 
Blindness 0 
Kidney damage 0 
Renal failure 0 
Severe headache 0 

 

* n (%) = number (percent) of patients who reported drug-related adverse event. Percent is calculated 
among all patients that received drug therapy. 
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eTable 10. Adverse Events in Patients Randomized to Ablation 
 

 Patients Receiving Ablation 
n = 1006 

Event n (%)* 
Ablation Catheter Insertion 39 (3.9) 

Hematoma 23 (2.3) 
Pseudo aneurysm 11 (1.1) 
Atrial venous fistula 4 (0.4) 
Pneumothorax 1 (0.1) 
Sepsis 1 (0.1) 
DVT 0 
Pulmonary embolus 0 

Catheter Manipulation within the Heart 12 (1.2) 
Cardiac tamponade with perforation 8 (0.8) 
TIA 3 (0.3) 
Coronary occlusion 0 
Myocardial infarction 1 (0.1) 
Complete heart block 0 
Valvular damage 0 

Ablation-related events 18 (1.8) 
Severe pericardial chest pain 11 (1.1) 
Phrenic nerve injury 1 (0.1) 
Pulmonary Vein Stenosis > 75% 1 (0.1) 
Esophageal ulcer 5 (0.5) 
Atrial esophageal fistula 0 
Medication-related events 0 
Heparin induced bleeding 0 

 

* n (%) = number (percent) of patients who reported ablation-related adverse event. Percent is calculated 
among all patients that received an ablation. 
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eTable 11. Anticoagulant and Antiplatelet Use in the CABANA Treatment Groups 
(As Randomized) (A) At Enrollment and (B) During Follow-up After 
Randomization 

 
 Ablation 

Group at 
Enrollment 

Drug 
Group at 

Enrollment 

Ablation 
Group during 

Follow-up 

Drug 
Group during 

Follow-up 

Anticoagulation Therapy 85% 85% 95% 96% 
Aspirin 33% 32% 46% 39% 
Warfarin 44% 45% 52% 52% 
Aspirin or Warfarin 62% 64% 71% 70% 
Clopidogrel 4% 5% 7% 8% 
Prasugrel 0.4% 0.2% 0.3% 0.2% 
Low Molecular Wt Heparin 0% 0% 8% 7% 
Direct Thrombin 

Inhibitor 
Dabigatran 

14% 14% 23% 19% 

Factor Xa Inhibitor 
Rivaroxaban, 
Apixaban, Edoxaban 

 
18% 

 
17% 

 
43% 

 
42% 
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eFigure 1A.  Kaplan-Meier Estimates of Mortality (6 Month Per-Protocol) 
Kaplan-Meier estimates of all-cause mortality by Per-Protocol analysis. 

 

 

Per-protocol ablation group: patients randomized to ablation and ablated within 6 months following 
randomization. 
Per-protocol drug group: all patients randomized to drug; follow-up censored at crossover to ablation. 
Median length of subject follow-up in the ablation arm was 4.1 years. 
Median length of subject follow-up in the drug arm was 4.0 years. 
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eFigure 1B.  Kaplan-Meier Estimates of Mortality (12 Month Per-Protocol) 
Kaplan-Meier estimates of all-cause mortality by Per-Protocol analysis. 

 

 
 
Per-protocol ablation group: patients randomized to ablation and ablated within 12 months following 
randomization. 
Per-protocol drug group: all patients randomized to drug; follow-up censored at crossover to ablation. 
Median length of subject follow-up in the ablation arm was 4.2 years. 
Median length of subject follow-up in the drug arm was 4.0 years. 
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eFigure 2. Subgroup analysis with hazard ratios and 95% confidence intervals for the 
primary endpoint by Per-Protocol analysis. * The arrow on some subgroups in the figure 
indicates that the lower limit of the confidence interval is below the 0.25 value on the X 
axis. 

 

 
 
AF=atrial fibrillation, NYHA=New York Heart Association, LVH=left ventricular hypertrophy, BMI-body mass index 
*Minority 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. 
AF type - (paroxysmal = AF episodes lasting ≥1 hour in duration that terminate spontaneously within 7 days or 
cardioversion is performed within 48h of AF onset; Persistent = AF episode sustained for ≥7 days or cardioversion is 
performed more than 48h after AF onset; Longstanding Persistent = continuous AF of duration >1 year. 
NYHA class - on a scale of I to IV in which I is the least severe and IV is the most severe symptoms of heart 
failure. CHADS-VASc score - on a scale of 0 to 9 in which 0 is the lowest risk of stroke and 9 is the highest risk of 
stroke. BMI - calculated as weight in kilograms divided by height in meters squared. 
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eFigure 3.  Recurrent Atrial Arrhythmias Post-Blanking (ITT). 
 
Freedom from recurrence of atrial fibrillation, flutter, or atrial tachycardias following the 
blanking period in 1240 patients who used the study ECG event recorders (Intention-To- 
Treat analysis with death as a competing risk). 

 
 
The ablation arm and drug arm each had a median length of post-blanking subject 
follow-up equal to 4.3 years. 
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eFigure 4. Forest Plot of Recurrent AF (based on ITT analysis with death as a 
competing risk) 

 

 
 
AF=atrial fibrillation, NYHA=New York Heart Association, LVH=left ventricular hypertrophy, BMI-body 
mass index 
*Minority 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. 
AF type - (paroxysmal = AF episodes lasting ≥1 hour in duration that terminate spontaneously within 7 
days or cardioversion is performed within 48h of AF onset; Persistent = AF episode sustained for ≥7 days 
or cardioversion is performed more than 48h after AF onset; Longstanding Persistent = continuous AF of 
duration >1 year. 
NYHA class - on a scale of I to IV in which I is the least severe and IV is the most severe symptoms of 
heart failure. 
CHADS-VASc score - on a scale of 0 to 9 in which 0 is the lowest risk of stroke and 9 is the highest risk of 
stroke. 
BMI - calculated as weight in kilograms divided by height in meters squared. 
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eFigure 5. Modified CONSORT Diagram for ITT Analyses 
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eFigure 6. Modified CONSORT Diagram for Treatment Received Analyses 
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eFigure 7. Modified CONSORT Diagram for Per-Protocol Analyses 
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eAppendix 1. Commentary on Statistical Analyses 
 
Randomization of Patients 
As described in the Methods Section of the manuscript, patients were randomly allocated to the 
two treatment groups using permuted block randomization. The block size was selected 
randomly (with equal probability) between 2 and 4. The block size was not known by any of the 
participating clinical investigators or by the clinical leadership of the trial. That information was 
intentionally not included in the protocol or in the CABANA design paper, and it was not 
revealed to the study investigators at any time.  Due to the unblinded nature of the trial, 
complete concealment of the block size was important to limit the ability of enrolling 
investigators to predict any treatment assignment. 

 
Assessment of Proportional Hazards for the Cox Model 
Although the primary treatment comparison of the randomized groups (intention-to-treat) was 
based on the log-rank test, the Cox proportional hazards model was used for generating a 
hazard ratio and associated confidence interval as an estimate of the treatment effect. The 
proportional hazards assumption of the model was assessed in two different ways, namely by 
(a) assessing the interaction term treatment * log (time) in a model that included the binary 
treatment variable plus the interaction term, and (b) by examining Schoenfeld residuals. There 
was no indication from either of these methods that the proportional hazards assumption was 
violated for any of the endpoints reported in the manuscript. For example, for testing the 
treatment x log (time) interaction for the primary endpoint ITT analysis, the p-value was 0.57, 
reflecting no violation of proportional hazards. We note, however, that the log-rank test, which 
was the statistical procedure used for assessing the significance of treatment differences in 
CABANA with respect to several of the endpoints, is a valid test even with non-proportional 
hazards. Its power is greatest under proportional hazards, and it loses power if the hazard 
functions are non-proportional, but it is still a valid test. 

 
Adjustment for Baseline Covariates (Including Continuous Variables) 
For analyses that were adjusted for prognostic baseline covariates, namely the as-treated and 
per-protocol analyses and the assessment of recurrent atrial fibrillation, continuous variables 
such as age and years since onset of AF were modeled linearly in the log hazard function of the 
Cox model. That was the plan from the outset, since the shape of the relationship of those 
variables with respect to the primary and secondary endpoints was not known in advance. All 
other adjustment variables were treated as categorical variables in the model. 

 
Explanation of Three-Month Blanking Period 
A 3-month blanking period in both groups (3-months following initiation of therapy) was 
specified only for the purpose of characterizing and comparing the randomized groups 
with respect to recurrent arrhythmias. It is consistent with other arrhythmia studies and 
was designed to allow a period for stabilizing the patient’s therapy before beginning to 
count and characterize their recurrent arrhythmias. It had nothing to do with clinical 
outcome events (which were counted starting at randomization), nor was it intended to 
be the period within which the patients randomized to ablation were required to undergo 
the procedure. Site investigators were encouraged to perform the ablation as soon as 
possible after randomization, but there were inherent scheduling issues that caused a 
delay. The median time to ablation among those who received an ablation was 29 days 
after randomization, but for some patients, the delay was longer. 
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Crossovers in CABANA 
Treatment crossovers in CABANA were defined (prespecified) as follows: 

 
1. Drug group crossovers: Patients randomized to the drug group who received an 

ablation during follow-up. 
2. Ablation group crossovers: Patients randomized to the ablation group who never 

received an ablation 
Patients randomized to ablation who underwent an ablation and also received antiarrhythmic 
drug therapy were not considered a crossover. We recognized that some patients who 
underwent an ablation would receive drug therapy, and while the protocol encouraged site 
investigators to discontinue antiarrhythmic drugs after the blanking period, it was known that 
discontinuation of drugs would not happen in every case. The focus of our analyses was 
whether or not patients received an ablation. That was the key event. Drug group patients who 
received an ablation and ablation group patients who did not, constituted crossovers in 
CABANA. 

 
 
As-Randomized (Intention-to-Treat) Analysis 
As specified in the study protocol and reiterated in the Statistical Analysis Plan and in the 
Methods section of the manuscript, the major treatment comparisons in CABANA were 
performed according to the principle of “Intention-to-Treat (ITT).”  That is, patients were 
analyzed and endpoints attributed according to the treatment group to which patients were 
randomized, regardless of subsequent crossover or post-randomization medical care. It is well 
accepted that an as-randomized (ITT) comparison is the gold standard for statistical treatment 
comparisons in randomized clinical trials, and is the least biased approach for deriving 
inferences about the effect of a therapeutic intervention assignment strategy. For the ITT 
analysis in CABANA, the calculated hazard ratio and associated confidence interval provide an 
estimate of the effect of ablation vs. drug as randomized, regardless of whether the patients 
actually received the assigned treatment and regardless of downstream changes to their 
treatment. Thus, while the ITT estimate and inferences drawn from that estimate are the most 
rigorous statistically due to the benefits of randomization, the ITT estimate in CABANA is 
affected (moved toward the null) because of the sizable number of treatment crossovers in the 
study (patients randomized to ablation who never received the ablation, and patients 
randomized to the drug group who crossed over during their follow-up to receive an ablation). 
eFigure 5 in this supplement is a visual representation of the patient flow in CABANA for the 
ITT analysis. Because of treatment crossovers, other analyses to assess the effects of ablation 
vs. drug therapy were pre-specified in the protocol and in the Statistical Analysis Plan. These 
additional analyses are described in the treatment received and per-protocol  sections below. 

 
As specified in the SAP, a covariate adjusted ITT analysis was also performed for the primary 
endpoint using variables considered to be prognostic for the clinical outcome (the same 
adjustment variables specified in the manuscript in connection with the treatment received and 
per-protocol analyses. While not reported in the manuscript, the hazard ratio for comparing the 
randomized groups with respect to the primary endpoint in the covariate-adjusted ITT analysis 
decreased from 0.86 to 0.83, with a confidence interval of 0.63 to 1.11, p=0.215. We have 
reported the more conservative unadjusted hazard ratio estimate of 0.86 in the manuscript, 
strictly adhering to the methods pre-specified for the primary treatment comparison. 

 
Treatment Received Analysis 
As indicated in the Statistical Methods section of the manuscript, pre-specified “treatment 
received” comparisons were performed using the Cox model with ablation as a time-dependent 
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covariate. At any time point during follow-up, the covariate had a value of either 0 or 1 for each 
patient and was used with the Cox model to reflect how patients were counted for each 
treatment group and to indicate whether and when a patient received an ablation. The analyses 
were performed using 3 different methods to account for treatment crossovers, thus allowing the 
sensitivity of the results to be assessed for different ways of handling crossovers and counting 
events. 

 
One modeling approach [Method 1] involved setting the time-dependent covariate to 0 at 
randomization (time 0) for all 2,204 patients, indicating that ablation had not yet been 
performed. The covariate value changed to 1 (indicating ablation was performed) on the day 
that the procedure occurred, regardless of the randomization assignment. Thus, for a patient 
randomized to ablation, the covariate changed from 0 to 1 on the date when the ablation was 
performed. For patients randomized to ablation who never received the ablation, the covariate 
remained as 0 throughout the follow-up period. For patients randomized to the drug group, the 
covariate remained as 0 unless a patient crossed over and received an ablation. At that point, 
its value changed to 1. With this approach, event-free survival time prior to an ablation (for 
patients in either group) is credited to the drug group. 

 
A second but closely related strategy [Method 2] is the approach that was used in CABANA. 

The only difference from Method 1 is that we assigned a value of 1 at the time of randomization 
to all patients randomized to ablation who actually underwent the procedure. Thus, events 
among patients randomized to the ablation group that occurred prior to the ablation were 
counted against ablation.  This was felt to represent a more conservative assessment of 
ablation compared to Method 1. Patients randomized to the drug group were treated identically 
in Methods 1 and 2. 

 
A third analysis [Method 3] was performed in which all patients randomized to ablation were 
assigned a value of 1 at the time of randomization regardless of whether or not an ablation was 
performed. In this analysis, all patients randomized to the ablation group and all events that 
occurred among those patients, regardless of whether they received the ablation, were 
attributed to ablation. For patients randomized to the drug group, the time-dependent covariate 
was set to 0 at the time of randomization and changed to 1 on the day of ablation if the patient 
crossed over to ablation (similar to Methods 1 and 2). Method 3 was included as a sensitivity 
analysis, but strictly speaking, is not considered a treatment received analysis. 

 
This family of models provides a range of assessments of the effects of ablation using different 
ways of accounting for patients randomized to ablation where the ablation was delayed or never 
performed, and also accounting for drug-group patients who crossed over to receive an ablation.   
Each of these three analyses was also adjusted for a pre-specified set of baseline patient 
characteristics potentially related to the clinical outcomes (age, sex, race, AF type, years since 
onset of  AF, history of  heart failure, structural heart disease, CHA2DS2-VASc  score,   history       
of coronary artery disease, and hypertension). The results from all three methods for the 
composite primary endpoint (death, disabling stroke, serious bleeding, or cardiac arrest) and for 
all-cause mortality are summarized in eTable 8. As expected, the analysis using Method 3 
produced the most conservative estimate of the treatment effect, as all follow-up and all events 
among patients randomized to ablation were attributed to ablation, even though 102 of those 
patients never received an ablation. Even with this most conservative method, the hazard ratio 
for ablation versus drug therapy was considerably lower than for the ITT analysis, namely 0.76 
with a 95% CI of 0.57 to 1.01, reflecting a substantially larger treatment effect compared with the 
ITT analysis.) With either Method 1 or Method 2, the results for the primary endpoint achieve 
conventional statistical significance, as do the results for mortality with all three methods. 
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As stated previously, the treatment received results reported in the manuscript are those 
derived from Method 2 where all events occurring among patients randomized to ablation who 
received an ablation are attributed to the ablation group, regardless of whether the event 
occurred before or after the ablation. This specific approach was pre-specified in the Statistical 
Analysis Plan, and was felt to represent an appropriately conservative compromise between 
Methods 1 and 3. eFigure 6 in this supplement is a visual representation of the patient flow in 
CABANA for the treatment received analysis. The hazard ratio and associated confidence 
interval from this analysis represent an estimate of the treatment effect (the effect of ablation vs. 
drug therapy with respect to the primary and secondary endpoints) based on the outcomes of 
patients who actually received an ablation compared to the patients who were treated without 
an ablation. This estimate is important in CABANA given that there were 102 patients 
randomized to ablation who never received the procedure, and 301 patients randomized to the 
drug group who crossed over and received an ablation during their follow-up. 

 
To augment the treatment received results, eTable 3 in this supplement is provided in which 
the baseline characteristics of patients randomized to ablation who never received the ablation 
are compared to the characteristics of patients randomized to ablation who were actually 
ablated. There was a markedly higher percentage of minorities among the patients who were 
never ablated, possibly due to economic or insurance limitations. Although there are numerical 
differences between the groups in other characteristics (the median age of those not ablated 
was one year older, and there were slightly higher percentages with a history of diabetes, 
congestive heart failure, and persistent AF at enrollment), the differences were not statistically 
significant, and are balanced by lower percentages among those not ablated with respect to 
factors such as Class 2 or greater CCS Severity of AF, prior CVA or TIA, and sleep apnea. 
Comparing the 1006 ablation patients vs. the 102 that did not receive the ablation, with respect 
to the primary outcome, using the Cox model and adjusting for baseline differences, the hazard 
ratio is 0.29, 95% confidence interval (CI) 0.15 to 0.56, p<0.001. For the endpoint of mortality, 
the adjusted hazard ratio for this comparison is 0.31 with 95% CI 0.14 to 0.73, p=0.007. These 
results clearly reflect worse outcomes among the patients who did not receive the ablation 
compared to those who did. The consequence of this difference is to move the estimated effect 
of ablation toward the null when assessed using the ITT comparison. 

 
A similar analysis was performed among the patients randomized to the drug group to compare 
the 301 patients who crossed over to receive an ablation during the trial vs. the 795 patients 
who remained on drug therapy without an ablation (eTable 5). The drug-group patients who 
crossed over to ablation were younger by 1 year on average, had a lower percentage with a 
history of heart failure, but a higher percentage with more severe symptoms of AF at baseline, 
and a higher percentage with a prior hospitalization for AF. Among the crossover patients there 
was a higher percentage presenting with paroxysmal AF and a lower percentage with persistent 
or long-standing persistent AF compared to the drug-group patients who did not cross over. For 
the primary endpoint, the Cox model adjusted hazard ratio for receiving an ablation compared to 
not receiving an ablation was 0.45 with 95% CI 0.27 to 0.75, p=0.002.  For all-cause mortality, 
the adjusted hazard ratio was 0.24 with 95% CI 0.11 to 0.53, p<0.001. These numbers reflect 
markedly worse outcomes among the patients who remained on drug therapy and did not cross 
over to receive an ablation. 

 
All of this information highlights the effect of crossovers in CABANA and helps explain why the 
treatment received analysis reflects a greater effect of ablation in reducing the primary endpoint 
and overall mortality compared to the as randomized (ITT) analysis. 
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Per-protocol Analyses 
To provide additional insight regarding the effect of crossovers on the ITT results of the trial, we 
also performed prespecified comparative analyses of the patients randomized to each group 
who adhered to their randomly allocated treatment assignment. In that sense, they followed the 
protocol. The ablation group for these analyses consisted of patients randomized to ablation 
who underwent the procedure within a specified period of time following randomization. 
Patients randomly allocated to ablation who never received the ablation or were not ablated 
within the specified time period were regarded as not following the protocol, and were therefore 
excluded from these analyses.  We prespecified different time windows for receiving the 
ablation, including a relatively short window of 3 months, an intermediate time window of 6 
months, and a longer time window of 1 year, thus allowing the sensitivity of the results to be 
assessed depending on the time window chosen. The longer time windows (6 and 12 months) 
exclude fewer patients who were randomly allocated to ablation, and were used for the per- 
protocol results presented in the manuscript. All patients randomized to the drug group were 
included in these analyses.  However, if a drug patient crossed over to receive an ablation 
during their follow-up, they were censored at the time of the ablation. The per-protocol analyses 
were also adjusted for the same set of prognostic covariates listed previously for the treatment 
received analyses. The flow of patients included in the 12-month per-protocol analysis is 
depicted in eFigure 7. 

 
The “per-protocol” estimate of treatment effect, like the “treatment received” estimate, 
represents an estimate of the effect of ablation vs. drug therapy in the group of patients who 
complied with the protocol with respect to their treatment assignment (i.e., a comparison of the 
outcomes of patients randomized to ablation who received the ablation vs. the outcomes of 
patients randomized to drug therapy as long as they were compliant with that treatment 
assignment).  As indicated above, patients randomized to drug therapy who later crossed over 
to receive an ablation had their follow-up censored at the time of crossover in the “per-protocol” 
analysis. The difference between the “treatment received” and the “per-protocol” estimates is 
the analytic approach and the patients included in the analysis.  In principle, they are intended 
to estimate the same quantity. The difference between them is that the “treatment received” 
analysis includes every patient enrolled in the trial, and uses a “time-dependent” covariate to 
model the change in treatment when patients cross over from one strategy to the other. In 
contrast the “per-protocol” analysis is based on comparing the treatment groups among the 
patients who complied with their randomly assigned treatment strategy. So the “per-protocol” 
analyses do not include all patients. For example, the 102 patients randomized to ablation who 
did not undergo an ablation were excluded from the “per-protocol” analyses. 

 
Comparative per-protocol results using the 3-month, 6-month, and 1-year time window are 
provided in eTable 8 for the composite primary endpoint and for all-cause mortality. 
Regardless of the time window, the results are quite consistent. Furthermore, there is a 
relatively high degree of consistency between the results of the per-protocol analyses and the 
treatment received analyses, both indicating that when accounting for the large number of 
treatment crossovers in this study, the effect of ablation is substantially more pronounced than 
is reflected in the ITT analyses, and considerably more significant, both clinically and 
statistically. 

 
Multiplicity of Analyses 
With the primary endpoint and several prespecified secondary endpoints, we appreciate that 
there is concern about the multiplicity of analyses, potentially resulting in an increased likelihood 
that at least one of the comparisons could be “significant” by chance. To adjust for the effects of 
repeated significance testing as part of the interim monitoring of the study, plus adjust for the 
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multiplicity of secondary endpoints, would require that very small significance levels be used for 
every comparison. As outlined in Section 8.2.7 of the Study Protocol and Section 12 of the 
Statistical Analysis Plan, our prespecified approach was to carefully control the Type I error for 
the primary endpoint, taking into account interim monitoring of the data by the DSMB, but to use 
a nominal level of significance of 0.05 for the secondary endpoints. As stated in the protocol, it 
was our intent to be conservative in the interpretation of the secondary analyses, looking for 
consistency of treatment effect sizes across the various endpoints. Furthermore, we were very 
specific about prespecifying the primary and secondary endpoints to avoid over-interpretation of 
other exploratory comparisons. Indeed, the mortality endpoint (previously the primary endpoint) 
was listed first among the secondary endpoints, and considered to be a key secondary 
endpoint. No other specific multiple comparisons procedure was prespecified nor applied post- 
hoc to the data. We emphasize that the treatment received (on-treatment) analysis was clearly 
prespecified in the Study Protocol (Section 8.2.5) and in the Statistical Analysis Plan (Section 
10), and the per-protocol analysis was pre-specified in the Statistical Analysis Plan (Section 11). 
From the start of the trial, we anticipated the importance of these additional analyses, knowing 
there would be patients who crossed over during the trial from their randomly allocated 
treatment assignment. The insights to be gained from comparisons based on the treatment 
actually received were foreseen to provide important information for interpreting the effects of 
the two treatment strategies. CABANA is not a clinical trial in which we are seeking regulatory 
approval of a new drug or device where there would be great concern about false positive 
results and Type 1 errors. Both treatment strategies studied in CABANA are presently in clinical 
use throughout the world, and we were interested in learning as much as possible about the 
magnitude of risks and benefits of these strategies with respect to a number of clinical 
endpoints, as well as understanding the quality of life and economic implications of these 
strategies. Therefore, the confidence intervals and nominal p-values reported in the study were 
felt to provide reasonable guidance and summary information for interpreting the results of the 
trial, given the objectives of the study. Since no method for controlling the Type 1 error rate was 
prespecified for the multiple secondary endpoints, rather than apply a post-hoc approach, we 
alert readers as to the caution needed in interpreting the treatment comparisons due to the 
multiplicity of secondary endpoints. 

 
As a final note, we mention that although the Statistical Analysis Plan was finalized after the end 
of the follow-up period, it was completed prior to database lock and prior to any knowledge of 
the results of the trial by Dr. Packer and the study leadership.  The only discrepancy between 
the protocol and the Statistical Analysis Plan is that the Statistical Analysis Plan includes more 
detail about specific analyses than was included in the protocol. Also the statistical analysis 
plans were outlined in considerable detail in the NIH grants submitted in 2008. 



© 2019 American Medical Association. All rights reserved. 
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Trial Organization (continued) 
 

Clinical Events Committee 
L. Brent Mitchell, MD (Chair), University of Calgary, Calgary, Alberta, Canada; Jared T. Bunch, MD, 
Intermountain Medical Center, Murray UT; James Daubert, MD, Duke University, Durham, NC; Blair 
Halperin, MD, Providence Saint Vincent Medical Center / Portland, OR; John Holshouser, MD, The 
Sanger Clinic, PA / Charlotte, NC; Steven Kutalek, MD, Drexel University College of Medicine, 
Philadelphia, PA; Greg Michaud, MD, Vanderbilt University, Nashville, TN; Paul Mounsey, MD, University 
of North Carolina, Chapel Hill, NC; George Wyse, MD, Libin CV Institute/U of Calgary, Calgary, Alberta 
Canada. 

 
Neurological (Stroke) Clinical Events Committee 
Greg Flaker (Chair), MD, University of Missouri, Columbia, MO; Rodney Bell, MD, Thomas Jefferson 
University Hospital, Philadelphia, PA; Arnold Greenspon, MD, Thomas Jefferson University Hospital, 
Philadelphia, PA; William Logan, MD, Mercy Clinic, St. Louis, MO; Pradeep Sahota, MD, Niranjan Singh, 
MD, University of Missouri-Columbia, Columbia, MO. 

 
CABANA Innovative Ablation Therapy Committee 
D. Wyn Davies MD (Chair), St. Mary’s Hospital London, England UK; Hugh Calkins MD, Johns Hopkins 
Hospital, Baltimore, MD; Richard Schilling MD, Queen Mary, University of London, London, England UK; 
Atul Verma MD, Newmarket Cardiology Research Group, Newmarket, Ontario Canada; Tristram Bahnson 
MD, Duke Clinical Research Institute, Durham, NC; Brian DeVille MD, The Heart Hospital Baylor Plano, 
Plano, TX; Kristi Monahan RN, Mayo Clinic, Rochester, MN. 

 
CABANA Innovative Drug Therapy Committee 
John DiMarco MD (Chair) University of Virginia Health Sciences Center, Charlottesville, VA; Gerald 
Naccarelli MD, Penn State Hershey Cardiovascular Institute, Hershey, PA; Peter Kowey MD, Lankenau 
Medical Center, Wynnewood, PA; James Reiffel MD, Columbia University College of Physicians and 
Surgeons, New York, NY; Mario Gonzalez MD, Milton Hershey Medical Center, Hershey, PA; Kristi 
Monahan RN, Mayo Clinic, Rochester, MN. 

 
ECG Adjudication Committee 
Jeanne Poole MD, (Chair), Kris Patton, MD, Jordan Prutkin, MD, University of Washington Medical 
Center, Seattle, WA; George Johnson, Independent Contractor, Seattle, WA; Nazem Akoum, MD, 
University of Washington, Seattle, WA; Pierre Auokar, MD, Joseph Blatt, MD, Kaiser Permanente, San 
Diego, CA; Ulrika (Riki) Birgersdotter-Green, MD, University of California, San Diego, CA; Yong-Mei Cha, 
MD, Siva Mulpuru, MD, Peter Noseworthy, MD, Mayo Clinic, Rochester, MN; Mina Chung, MD, Cleveland 
Clinic, Cleveland, OH; Marye Gleva, MD, Washington University Medical Center, St. Louis, MO; Taya 
Glotzer, MD, Hackensack University Medical Center, Hackensack, NJ; Charles Henrikson, MD, Eric 
Stecker, MD, Oregon Health & Science University, Portland, OR; Yousuf Kanjwal, MD, University of 
Toledo, Toledo, OH; Jack Kron, MD, Oregon Health & Science University, Portland, OR; Vikas Kuriachan, 
MD, Alberta Health Services, Alberta Canada; Owen Obel, MD, University of Texas Southwestern, Dallas, 
TX; Ravi Ranjan, MD, University of Utah, Salt Lake City, UT; Robert Rho, MD, Virginia Mason Medical 
Center, Seattle WA; Andrea Russo, MD, Cooper University Hospital, Camden, NJ; Renee Sullivan, MD, 
University of Missouri, Columbia, MO; Wendy Tzou, MD, University of Colorado Health, Denver, CO; 
Sarina van der Zee, MD, Pacific Heart Institute, Santa Monica, CA; Laura Vitali Serdoz, MD, Klinikum 
Coburg, Coburg, Germany. 

 
CABANA Rhythm Monitoring 
Mauri Wilson, RN, BSN, BSES, Clinical Research Liaison; Wayne Bowen, EMT-P, CCT, Clinical Trial 
Associate, The staff of the Medicomp Cardiac Monitoring Centers, Medicomp, Inc., 600 Atlantis Road, 
Melbourne, Florida, 32904 USA.

 


