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Aims There is rising healthcare utilization related to the increasing incidence and prevalence of atrial fibrillation (AF) worldwide. 
Simplifying therapy and reducing hospital episodes would be a valuable development. The efficacy of a streamlined AF ab-
lation approach was compared to drug therapy and a conventional catheter ablation technique for symptom control in par-
oxysmal AF.

Methods 
and results

We recruited 321 patients with symptomatic paroxysmal AF to a prospective randomized, multi-centre, open label trial at 
13 UK hospitals. Patients were randomized 1:1:1 to cryo-balloon ablation without electrical mapping with patients dis-
charged same day [Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital Episodes from Recurrent 
(AVATAR) protocol]; optimization of drug therapy; or cryo-balloon ablation with confirmation of pulmonary vein isolation 
and overnight hospitalization. The primary endpoint was time to any hospital episode related to treatment for atrial arrhyth-
mia. Secondary endpoints included complications of treatment and quality-of-life measures. The hazard ratio (HR) for a pri-
mary endpoint event occurring when comparing AVATAR protocol arm to drug therapy was 0.156 (95% CI, 0.097–0.250; P 
< 0.0001 by Cox regression). Twenty-three patients (21%) recorded an endpoint event in the AVATAR arm compared to 
76 patients (74%) within the drug therapy arm. Comparing AVATAR and conventional ablation arms resulted in a non-sig-
nificant HR of 1.173 (95% CI, 0.639–2.154; P = 0.61 by Cox regression) with 23 patients (21%) and 19 patients (18%), re-
spectively, recording primary endpoint events (P = 0.61 by log-rank test).
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Conclusion The AVATAR protocol was superior to drug therapy for avoiding hospital episodes related to AF treatment, but conven-
tional cryoablation was not superior to the AVATAR protocol. This could have wide-ranging implications on how demand 
for AF symptom control is met.

Trial  
registration

Clinical Trials Registration: NCT02459574.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Keywords Atrial fibrillation • Ablation • Anti-arrhythmic • Radiofrequency ablation • Cryoablation

What’s new?

• We tested whether a streamlined approach to atrial fibrillation (AF) 
ablation [Ablation Versus Anti-arrhythmic Therapy for Reducing All 
Hospital Episodes from Recurrent (AVATAR) protocol of cryo- 
balloon ablation without electrical mapping and same day discharge] 
can achieve better symptom control in patients with paroxysmal AF 
compared to drug therapy

• We found the AVATAR streamlined ablation protocol was superior 
to drug therapy for controlling AF symptoms.

• Conventional cryoablation was not shown to be superior to the 
AVATAR protocol.

• This broadens the scope for delivering AF ablation by simplifying the 
process and so meets increasing patient demand.

Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia, often re-
quiring specialist hospital care.1 Anti-arrhythmic drugs have been 
shown to be effective at controlling AF-related symptoms in placebo- 
controlled studies.2,3 Alternatively, catheter ablation to electrically iso-
late the pulmonary veins (PVs) can prevent AF episodes.4 In patients 
with paroxysmal AF and symptoms despite a Class I/III anti-arrhythmic 
agent, this PV isolation (PVI) procedure has been superior to further 
drug therapy at achieving freedom from ‘30 s of AF’.5,6 Early studies com-
paring PVI and drugs in patients who were naive to Class I/III anti- 
arrhythmic agents did not show such clear differences.7,8 On this back-
ground, catheter ablation is recommended after failing a Class I/III anti- 
arrhythmic agent but can be considered for first line treatment of symp-
tomatic paroxysmal AF.1 Increasing numbers of patients are therefore 
seeking ablation therapy to control symptoms. Streamlining the process 
by reducing the resource utilization for each patient would support more 
patients being treated in most healthcare systems.

Technology for catheter ablation continues to evolve such that the 
cryo-balloon could be used without intracardiac electrical record-
ings.9,10,11 This could broaden staff and type of cardiac catheter labora-
tory that could deliver AF ablation. We postulated that we could 
reduce resource utilization further with same-day discharge and only 
following-up symptomatic patients. We tested these changes in a ran-
domized, controlled trial, in which the primary objective was to deter-
mine if this streamlined approach to ablation for patients with 
symptomatic paroxysmal AF was superior to a drug therapy. As a sec-
ondary objective, we also tested whether standard catheter ablation 
practices conferred superiority over this streamlined method.

Methods
Study design
Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital 
Episodes from Recurrent Atrial Fibrillation (AVATAR-AF) was a rando-
mized, multi-centre, open label trial testing superiority of a ‘streamlined’ 

AVATAR-protocol ablation procedure over drug therapy as the primary 
hypothesis. An AF specialist confirmed patient suitability for both arms.

A core part of clinical AF management is patient education to improve 
symptom control. This includes understanding that AF will self-terminate 
and using a ‘pill-in-the-pocket’ if needed. If done properly, the majority of 
patients with paroxysmal AF will avoid the Emergency Room and hospital 
admission. However, these episodes will still be debilitating; therefore, it 
is essential that hospital outpatient episodes are included to capture all pa-
tients who continue to suffer significant symptoms from paroxysmal AF. 
Therefore, we used a primary outcome measure that included outpatient 
hospital episodes, for patients who are symptomatic and need modification 
of their AF treatment strategy, as well as those needing emergency care.

Confirming PVI is considered essential to the AF ablation procedure. We 
addressed this as a secondary hypothesis using a second control arm of 
cryo-balloon AF ablation following standard practice and testing for super-
iority over the ‘streamlined’ AVATAR approach.

The trial was sponsored by Imperial College London (London, UK) and ap-
proved by the Health Research Authority [London - Brent Local Research 
Ethics Committee (14/LO/0117)]. The Trial Steering Committee was respon-
sible for study conduct, oversight, and reporting. The study was adopted onto 
the National Institute of Health Research Portfolio and received support from 
the Comprehensive Local Research Network which provided research nurses 
at each site. An independent Data Safety Monitoring Board ensured optimal 
therapy was delivered according to protocol. An Endpoints Adjudication 
Committee was blinded to assigned treatment and used specified definitions 
to validate all reported endpoints. Trial management, quality control, quality 
assurance, data management, and statistical analysis were provided by the 
United Kingdom clinical research collaboration (UKCRC)-registered 
Imperial Clinical Trials Unit. The rationale and design of the AVATAR-AF 
study has been published.12

Patients
Patients with documented symptomatic paroxysmal AF were recruited 
from UK hospitals. They had to be suitable for either modification of drug 
therapy or catheter ablation. Full eligibility criteria are presented in the trial 
design manuscript and Protocol (see Supplementary Materials).12 All parti-
cipants provided written informed consent. Patients or the public were 
not involved in the design, conduct, or reporting plans for the research, 
but we plan to disseminate the results to relevant patient organizations.

Procedures
Randomization was assigned in a 1:1:1 ratio, stratified by site in block sizes of 
six, to either streamlined AVATAR-protocol ablation, optimized anti- 
arrhythmic therapy, or conventional AF cryo-balloon ablation.

Interventions were applied at fixed time points during a 12-week period 
with the aim of discharging the patient from specialist hospital-based treatment.

In the AVATAR-protocol ablation group, the Arctic Front Advance™ 
cryoballoon (Medtronic, Minneapolis, MN, USA) was used to occlude 
PVs to achieve minimal/no dye leak on injection. No intra-cardiac electrical 
recording catheters were deployed, and PVI was not formally assessed. A 
bedside transthoracic echocardiogram, haemoglobin check, and femoral 
puncture site assessment were carried out 6 h post-procedure. If all para-
meters were stable, the patient was discharged on the day of intervention. 
This was included in the randomized part of the protocol as it has not been 
tested previously in a controlled clinical trial. Therefore, we did not define it 
as standard practice even though it is becoming more common.

In the conventional AF ablation group, cryo-ablation efficacy was monitored 
with a circular mapping catheter of the operator’s choice. PVI was completed 
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with either repeat cryo-balloon application, deflectable cryotherapy catheter, 
or radiofrequency catheter as per operator preference. Post-procedural tests 
were the same as the AVATAR arm but discharged the next day.

During the 12-week treatment period, all pre-ablation anti-arrhythmic 
agents were continued for 4 weeks post-ablation and then reduced with 
the aim of stopping. Repeat ablations are required for patients with symp-
toms due to recurrent AF from PV reconnection. Therefore, a second ab-
lation was permitted at 10 weeks for recurrent AF symptoms as a part of 
the initial ablative treatment strategy.

In the drug therapy arm, patients were reviewed every 4 weeks to opti-
mize anti-arrhythmics. Drug choice and dose recommendation were in ac-
cordance with local and international guidelines. At each review, the 
medication could be left unchanged, the dose altered, or changed to a dif-
ferent agent as required. Drug dosing was optimized to achieve symptom 
control without side effects. In patients with frequent symptoms, this time-
scale was expected to be sufficient to maximize drug dosages and in those 
who had infrequent symptoms to achieve lower maintenance doses with a 
‘pill-in-the-pocket’ plan for breakthrough episodes.

Patients who were symptomatically improving at the 12-week review 
were discharged from hospital-based specialist arrhythmia care. Patients 

who had ongoing symptoms or problems related to their assigned therapy 
were deemed to have ‘failed 12-week discharge’ and counted as a primary 
endpoint. Telephone interviews every 3 months ensured appropriate pri-
mary care engagement. Hospital-based attendance, investigations, and 
treatments were adjudicated by a blinded Endpoints Committee.

Outcomes
The primary endpoint was time to any hospital episode related to treat-
ment for atrial arrhythmia following the 12-week treatment period. We 
used the term ‘hospital episode’ to include inpatient stay, attendance to 
an emergency room, or outpatient clinic to be reviewed by an arrhythmia 
specialist. This reflected the entire healthcare utilization of a patient 
whose AF was not well controlled. This endpoint would not capture all 
AF episodes occurring in the patient but transforms the subjectivity of 
symptomatic recurrences to measurable events requiring healthcare 
resources.

The secondary endpoints were time to death or stroke from any cause, 
complications caused by procedure or anti-arrhythmic drug, and all hospital 
episodes resulting in a change in therapy for atrial arrhythmia.

Received allocated
Treatment (n = 108)

Withdrawn (n = 2)
1 × Consent withdrawn
1 × Protocol non-compliance

Withdrawn (n = 8)
3 × Consent withdrawn
2 × Protocol non-compliance
1 × Lost-to-follow-up
1 × Investigator decision
1 × Patient death

Withdrawn (n = 7)
3 × Consent withdrawn
2 × Protocol non-compliance
1 × Lost-to-follow-up
1 × Investigator decision

Received allocated
Treatment (n = 96)

Received allocated
Treatment (n = 103)

·   Flutter only (n = 67)
·   Persistent (n = 45)
·   Re-do ablation (n = 23)
·   Other (not specified) (n = 197)

Not Eligible (n = 332)·   Clinical decision not to include (n = 43)
·   Prefer only drug treatment (n = 29)
·   Cath lab availability (n = 32)
·   Maximum medications (n = 7)
·   Prefer not to continue on drugs (n = 5)
·   Declined by patients (n = 66)

Screen failed (n = 182)

AF Patients approached
(n = 835)

Randomised
(n = 321)

Avatar-AF Protocol
Ablation
(n = 110)

Anti-Arrhythmic
therapy
(n = 103)

Conventional
Ablation
(n = 108)

Included in ITT
Primary analysis

(n = 106)

EOSV Completed
(n = 101)

EOSV Completed
(n = 95)

Included in ITT
Primary analysis

(n = 100)

Included in ITT
Primary analysis

(n = 109)

EOSV Completed
(n = 108)

Figure 1 Screening, randomization, treatment, and follow-up. Consort diagram showing the patient numbers at each stage of the study. Patients 
referred to an arrhythmia specialist with a diagnosis of paroxysmal atrial fibrillation (AF) were screened. Enrolment was offered to those considered 
clinically suitable for any of the three treatment arms. Randomization took place once the treatment schedule was confirmed to be feasible irrespective 
of the assigned arm.
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Quality-of-life questionnaires [atrial fibrillation Quality of life survey 
(AFQT) and EQ-5D-5L] were completed at randomization and 1 year.

Statistical analysis
In this time-to-event study of hospital episodes, the sample size was esti-
mated using the log-rank test under the Freedman method based on the oc-
currence of first event during the 12-month follow-up period. The null 
hypothesis was that there was no difference in the distributions. An initial 
two-sided alpha of 0.05 was chosen, and given the need to allow for the in-
herent multiple testing between the three arms of the study, the conserva-
tive Bonferroni correction was applied and the alpha value used in the 
power calculations was reduced to 0.025.

Estimating the proportion experiencing a hospital episode in the follow- 
up period in the anti-arrhythmic arm as 0.63 and the corresponding propor-
tion in the AVATAR ablation arm as 0.40, assuming the occurrence of 103 
events, with 100 evaluable patients in each of the two treatment arms yields 
a power of 0.80. A similar power is obtained for the comparison of the 
AVATAR ablation arm (0.40) and the conventional AF ablation arm 
(0.20). These estimates were based on published data for ‘freedom from 
30 s of AF’. Using a loss to follow-up of 7%, a recruitment target of 321 pa-
tients was set.

Treatment was considered failed when a patient experienced any hos-
pital episode related to treatment for atrial arrhythmia. Time to failure 
was the time from first intervention to time of event. The ‘decision not 
to discharge’ was used as the endpoint for analysis in those patients who 
were not discharged after the 12-week treatment period.

Data were analysed using intention-to-treat principle, and a P-value of 
0.025 or less considered significant. Primary outcome was analysed using 
Kaplan–Meier statistics. Differences between treatment arms were as-
sessed using log-rank testing and proportional hazards models. A sensitivity 
per-protocol analysis was performed, removing patients who failed to 

receive their allocated intervention or underwent cross-over to an alterna-
tive treatment before the week 12 discharge review. Secondary endpoints 
of time to death or stroke; time to procedural/drug-based complication 
were analysed using Kaplan-Meier and descriptive statistics. Due to the 
low frequency of secondary endpoint events, the results are presented as 
frequency of events and differences assessed using Fisher’s Exact test. In 
addition to the primary analysis above, the model was adjusted to account 
for the following baseline co-variates: site, weight, hypertension, number of 
anti-arrhythmics taken by patient prior to first intervention.

Results
From April 2015 to August 2017, 835 patients were approached; 182 
failed screening, 332 were not eligible (Figure 1), and 321 patients were 
recruited and randomized. One hundred ten patients were assigned to 
the AVATAR protocol arm, 103 patients to the anti-arrhythmic arm, 
and 108 patients to the conventional ablation arm. Patient characteris-
tics are shown in Table 1.

In the AVATAR arm, 108 of 110 patients (98%) underwent the 
planned ablation. Of these, 92 (84% of patients randomized) were dis-
charged the same day. Seventeen patients (16%) were referred for a 
redo procedure at the 8-week review of whom 13 (12%) completed 
the procedure. Ninety-four patients (85%) achieved symptom control 
and were discharged from specialist hospital care following review at 12 
weeks. Protocol deviations and peri-procedural characteristics are 
shown in Supplementary material online, Appendix Tables S1 and S2.

In the anti-arrhythmic arm, 96 patients (93%) attended the initial re-
view. The 4-week review was attended by 89 patients (86%) and the 
8-week review by 91 patients (88%). At each review, anti-arrhythmic 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

Characteristic AVATAR protocol arm Anti-arrhythmic arm Conventional ablation arm
(n = 110) (n = 103) (n = 108)

Age Mean (SD) 60.1 (9.00) 60.5 (10.34) 59.7 (12.22)

Male sex Number (%) 64 (58) 57 (55) 66 (61)

Body mass index Mean (SD) 29.1 (5.04) 28.0 (4.83) 28.9 (4.67)

Hypertension Number (%) 38 (35) 36 (35) 29 (27)

Diabetes mellitus Number (%) 4 (4) 6 (6) 4 (4)

Sleep apnoea Number (%) 1 (1) 3 (3) 0

Coronary heart disease Number (%) 3 (3) 3 (3) 4 (4)

CHADSVASC score 0 35 (32) 36 (35) 43 (40)
1 30 (27) 24 (23) 22 (20)

2 28 (26) 19 (18) 23 (21)

3 12 (11) 17 (14) 10 (9)
4 4 (4) 4 (4) 6 (6)

5 0 1 (1) 1 (1)

6 0 1 (1) 2 (2)
Not known 1 (1) 1 (1) 1 (1)

Left ventricular function (ejection fraction) Mean (SD) 57.1 (4.88) 57.9 (5.60) 58.3 (5.00)

Anti-coagulation at enrolment All agents (%) 81 (74) 65 (63) 76 (70)

Warfarin 13 (12) 14 (14) 22 (20)
Apixaban 30 (27) 23 (22) 26 (24)

Rivaroxaban 30 (27) 22 (21) 21 (19)

Dabigatran 6 (6) 5 (5) 4 (4)
Edoxaban 2 (2) 1 (1) 3 (3)

AVATAR, Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital Episodes from Recurrent.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
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treatment was optimized, and 93 patients (90%) had a change in medi-
cation. At 12 weeks, 47 patients (46%) had achieved symptom control 
and were discharged from specialist hospital care, and 2 patients had 
crossed over and completed ablation.

In the conventional ablation arm, 103 of 108 underwent the planned 
ablation (95%). Ninety-nine patients had confirmed PVI (92%). Ten pa-
tients (10%) were referred for a redo procedure at 8-week review, of 
whom 7 (7%) completed the redo procedure. Ninety-seven patients 
(90%) were discharged from specialist hospital care following review 
at 12 weeks.

Of those who attended the 12-week review, 78 patients (76%) in the 
drug therapy arm were taking a Class I/Class III anti-arrhythmic agent 
compared to 11 (11%) in the AVATAR arm and 12 (12%) in the con-
ventional ablation arm (Table 2 details the agents and changes, 
Supplementary material online, Appendix Table S3 the final doses). 
There was equivalent ongoing use of the ‘pill-in-the-pocket’ strategy 
in all three arms of about 8%.

Primary endpoints
The hazard ratio (HR) for achieving a hospital episode when comparing 
AVATAR protocol arm to drug therapy is 0.156 (95% CI, 0.097–0.250; 

P < 0.0001 by Cox regression). Significantly fewer patients had reached 
the primary endpoint with 23 (21%) vs. 76 (74%) patients having events 
within the two arms, respectively (P < 0.0001 by log-rank test). The 
Kaplan–Meier curves for the primary endpoint of the primary hypoth-
esis are shown in Figure 2. There was no significant HR when comparing 
the AVATAR protocol arm against the conventional cryo-balloon abla-
tion arm (HR 1.173, 95% CI, 0.639–2.154; P = 0.61 by Cox regression), 
with endpoint frequencies of 23 (21%) vs. 19 (18%) (P = 0.61 by log-rank 
test). The Kaplan–Meier curves for the primary endpoint of the second-
ary hypothesis are shown in Figure 3. Post-hoc testing exploring absolute 
risk indicates that the estimated proportion of those achieving endpoint 
within the AVATAR protocol arm is 0.209 (95% CI, 0.113–0.285) and in 
the cryo-balloon ablation arm 0.176 (0.104–0.248). The corresponding 
difference in absolute risk is 0.032 (−0.071 to 0.138). Results were un-
changed throughout the per-protocol sensitivity analysis and when ad-
justing the proportional hazards model for baseline covariates. A 
breakdown of the adjudicated primary endpoints is shown in Table 3.

Secondary endpoints
Complications related to treatment are shown in Supplementary 
material online, Appendix Table S4. One death occurred in the anti- 
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Figure 2 Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital Episodes from Recurrent (AVATAR) protocol ablation vs. anti- 
arrhythmic drug therapy: primary endpoint analysis. Kaplan–Meier curves comparing AVATAR protocol ablation against drug therapy for the survival 
time to any hospital episode related to treatment for atrial arrhythmia. Number of remaining subjects at risk displayed at 50-day intervals. The 
hazard-ratio for achieving a hospital episode when comparing AVATAR protocol arm to drug therapy is 0.156 (95% CI, 0.097–0.250; P < 0.0001 by 
Cox regression). Comparing the survival distributions between the two groups, significantly fewer patients had reached the primary endpoint with 
23 (21%) vs. 76 (74%) patients having events within the two arms, respectively (P < 0.0001 by log-rank test).

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
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arrhythmic arm shortly after starting sotalol. Two transient ischaemic 
attacks occurred; one each in anti-arrhythmic and conventional ablation 
arms. Eighteen patients in the anti-arrhythmic arm had side effects re-
lated to drug therapy.

Quality-of-life was measured using the AFQT and EQ-5D-5L ques-
tionnaires at randomization and 1 year. All arms demonstrated a signifi-
cant improvement in quality of life over 1 year (see Supplementary 
material online, Appendix Table S5A and S5B). There was no difference 
between the AVATAR-AF arm and the drug therapy or conventional 
ablation arms. However, the drug therapy arm included patients who 
had received ablation therapy after the primary endpoint.

Ablation after index intervention
Patients were allowed a redo-ablation during the 12-week treatment 
schedule without triggering an endpoint (see Supplementary material 
online, Appendix Figure S1). Nine patients (8%) in the AVATAR arm, 
and six patients (6%) in the conventional ablation arm entered the 
follow-up phase with a redo-ablation. During the follow-up period, 9 
patients (8%) in the AVATAR arm had a redo procedure following a 
primary endpoint compared to 15 patients (15%) in the conventional 
ablation arm. In the drug therapy arm, 56 of 103 patients (54%) went 
on to have an ablation during the follow-up period. The total 

redo-ablation rate (within 12 weeks and after endpoint) in the 
AVATAR arm was 22 patients (20%) compared to 22 patients (22%) 
in the conventional ablation arm. Therefore, in terms of resource util-
ization, the redo rates in the two ablation arms were not different.

Ablation as ‘first-line’ therapy
Post-hoc analysis of ablation therapy as ‘first-line therapy’ prior to ini-
tiation of Class I/III anti-arrhythmic agents showed similar outcomes. 
The AVATAR arm had significantly fewer primary endpoints [14 pa-
tients (21% of 67 Class I/III naïve patients) vs. 44 patients (70% of 63 
Class I/III naïve patients), P < 0.0001 by log rank rest)] than patients in 
the drug therapy arm (see Supplementary material online, Appendix 
Figure S2). Therefore, the AVATAR protocol was also superior to 
drug therapy as ‘first-line’ treatment.

Procedural parameters
More patients had two cryo-applications in all veins in the AVATAR 
group (as per protocol) compared to the conventional ablation (see 
Supplementary material online, Appendix Table S6). PV mapping in the 
conventional arm would have shown that the first freeze had already 
electrically isolated the vein so the operator chose not to deliver the 
second. Amongst all patients having ablation, the use of two 
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Figure 3 Cryo-balloon atrial fibrillation (AF) ablation vs. Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital Episodes from 
Recurrent (AVATAR) protocol ablation: primary endpoint analysis. Kaplan–Meier curves comparing AVATAR protocol ablation against cryo-balloon 
AF ablation therapy for the survival time to any hospital episode related to treatment for atrial arrhythmia. Number of remaining subjects at risk dis-
played at 50-day intervals. The hazard ratio for achieving a hospital episode when comparing the AVATAR protocol arm against the conventional cryo- 
balloon ablation arm is HR 1.173 (95% CI, 0.639 to 2.154; P = 0.61 by Cox regression). No significant difference was found when comparing the survival 
distribution between the two groups with 23 (21%) vs. 19 (18%) patients having events within the two arms respectively (P = 0.61 by log-rank test).

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
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http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
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applications was associated with fewer endpoints (see Supplementary 
material online, Appendix Table S7).

Discussion
The AVATAR-AF trial has shown that a streamlined approach to AF ab-
lation was superior to drug therapy at avoiding hospital-based treat-
ment for AF. This was primarily driven by recurrent symptoms 
leading to outpatient consultations. The standard catheter ablation ap-
proach did not demonstrate superior outcomes to the streamlined 
AVATAR approach. All three arms had significant improvement in 
quality-of-life measures over the year, but there was no difference be-
tween the AVATAR arm and the two control groups.

AVATAR-AF reports the outcomes from AF treatments on the basis 
of being able to avoid hospital episodes including consultations and ad-
missions. We believe this provides a measure of symptom burden that 
is easy for patients to understand and is a relevant metric to healthcare 
providers. Similarly, the recent Early Treatment of Atrial Fibrillation for 
Stroke Prevention Trial 4 (EAST-AFNET 4) showed benefit using a clin-
ically unambiguous composite endpoint to confirm that trying to main-
tain sinus rhythm using drugs, cardioversion and ablation was superior 
to rate control in AF.13 However, when comparing catheter ablation 
with medical therapy in the catheter ablation vs antiarrhythmic 
drug therapy for atrial fibrillation (CABANA) trial, it was not 
possible to show a difference in a similar composite endpoint. This 
was despite catheter ablation achieving a significant reduction in 
AF recurrences documented by ECG recordings.14 ECG documenta-
tion of ‘30 s of AF’ has been used extensively as an endpoint in catheter 
ablation trials to show superiority over drug therapy.4,5,6 Even the 
most recent studies such as Early Aggressive Invasive Intervention 
for Atrial Fibrillation (EARLY-AF) and Cryoballoon Catheter Ablation 
in an Antiarrhythmic Drug Naive Paroxysmal Atrial Fibrillation 
(STOP-AF-FIRST) included ‘recurrence of 30 s of AF’ within their 

primary endpoint.15,16 This endpoint includes asymptomatic patients 
whose quality of life should not be affected by this type of ‘treatment 
failure’ and, as demonstrated by the CABANA trial, does not appear 
to correlate with clinically important composite endpoints.17,18

Unlike these studies, AVATAR-AF used a primary endpoint to account 
for symptomatic recurrences which affect patient and physician per-
ception of treatment efficacy. The results provide direct validation of 
guideline recommendations for catheter ablation, proving symptom 
benefit for a symptom-based indication.1 In addition, post-hoc analysis 
shows that amongst patients naive to Class I/III anti-arrhythmic agents, 
the AVATAR approach led to fewer hospital episodes (inpatient and 
outpatient) than drug therapy. This supports the findings of the 
EARLY-AF and STOP-AF-FIRST trials and the most recent ESC guide-
lines which have upgraded support for AF ablation as a first line 
therapy.1,15,16

AVATAR-AF is also the first randomized trial to simplify ablation 
therapy. The cryo-balloon is unique in not requiring intracardiac elec-
trical recordings to deliver therapy. It is manipulated around the PV ost-
ium until occlusion of PV flow can be demonstrated using a contrast 
injection under fluoroscopy. Cryotherapy delivered during complete 
PV occlusion is associated with a very high rate of PV electrical isolation 
enabling the streamlined ablation protocol.10,11 However, not checking 
for PVI could result in ‘incomplete’ ablation and a higher recurrence 
rate, but the overall redo-ablation rates following the index ablation 
were similar in the two ablation arms over the entire study period. 
The majority of patients having PVI procedures will have electrical re-
connection of the PVs by 3 months,19 but only a proportion will be as-
sociated with AF recurrence and need a redo-ablation procedure. Our 
study suggests that for the cryo-balloon, PV mapping did not reduce the 
long-term rates of redo-ablation for symptomatic AF.

In addition, we analysed the procedural parameters post-hoc and 
more patients had two cryo-applications in all veins in the AVATAR 
group (as per protocol) compared to the conventional ablation. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Breakdown of endpoints

Endpoint description AVATAR arm Anti-arrhythmic arm Conventional arm
n = 110 n = 103 n = 108

Primary endpoints 23 (20.9%) 76 (73.8%) 19 (17.6%)

Primary endpoint timing Failed 12-week 

discharge

After 12 

weeks

Failed 12-week 

discharge

After 12 

weeks

Failed 12-week 

discharge

After 12 

weeks
9 (8.2%) 14 (12.7%) 36 (35.0%) 40 (38.8%) 6 (5.6%) 13 (12.0%)

ER visit leading to inpatient admission 1 (0.9%) 3 (2.9%) 4 (3.7%)

ER visit leading to discharge 2 (1.8%) 4 (3.9%) 1 (0.9%)

Outpatient consultation 20 (18.2%) 69 (67.0%) 14 (13.0%)

Symptoms of atrial arrhythmia with ECG 
documentation at primary endpoint

16 (14.5%) 25 (24.3%) 9 (8.3%)

Symptoms of atrial arrhythmia without ECG 
documentation at primary endpoint

7 (6.4%) 43 (41.7%) 10 (9.3%)

Treatment complication/drug side effects at primary 

endpoint

0 8 (7.8%) 0

Ablation after primary endpoint 9 (8.2%) 53 (51.5%) 15 (13.9%)

Medication alteration after primary endpoint 4 (3.6%) 6 (5.8%) 2 (1.9%)

Investigations only after primary endpoint 7 (6.4%) 16 (15.5%) 1 (0.9%)

No action after primary endpoint 3 (2.7%) 1 (1.0%) 1 (0.9%)

AVATAR, Ablation Versus Anti-arrhythmic Therapy for Reducing All Hospital Episodes from Recurrent.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
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Amongst all patients having ablation, the use of two applications was as-
sociated with fewer endpoints. This suggests that receiving two 
cryo-applications per vein was more important than proving electrical 
isolation. This raises important questions about how best to achieve 
durable PVI.

The main limitation of our study design was that we assumed the 
prevailing view that ablation with PV mapping would be superior to 
the AVATAR approach. A non-inferiority study would be required to 
determine if the two approaches are indeed equivalent.

AVATAR-AF demonstrates that the ablation procedure can be sim-
plified and streamlined and still be superior to medical therapy using 
practical patient-based outcomes across a broad range of patient 
groups. This potentially allows the AVATAR approach to be delivered 
in cardiac catheter labs without specialist electrophysiology equipment 
and associated expert staff. Similarly, the operator would have to be ex-
pert in accessing and manipulating catheters in the left atrium, as well as 
managing complications, but would not need to be able to interpret in-
tracardiac electrograms. This ‘streamlining’ would increase the capacity 
for delivering AF ablation, even though we did not expect the AVATAR 
protocol to have an impact on procedure times. Reducing this resource 
requirement has broad implications for where and how the treatment 
is delivered and could promote more widespread provision of AF abla-
tion. We did not test this directly in AVATAR-AF, but we have the clin-
ical justification to proceed to such studies, especially given the 
increasing demand for AF therapy.20

We conclude that patients with symptomatic paroxysmal AF can be 
treated effectively by a streamlined ablation approach using a 
cryo-balloon.

Transparency declaration
The lead author affirms that this manuscript is an honest, accurate, and 
transparent account of the study being reported; that no important as-
pects of the study have been omitted; and that any discrepancies from 
the study as planned (and registered) have been explained. All authors 
had full access to all of the data. PK, NJ, TS, EF, DB, NP take responsi-
bility for the integrity of the data and accuracy of the data analysis.

Dissemination plan
Trial results will be released in several manuscripts providing outcomes 
of the trial as a whole. All publications and presentations relating to the 
trial will be authorized by the Trial Steering Committee.

Authors’ contributions
P.K. was the lead for conceptualization and writing-original draft and 
contributed to data curation, formal analysis, funding acquisition, inves-
tigation, methodology, project administration, validation. J.M.C., M.T., 
E.S., and D.T. contributed to data curation, formal analysis, funding ac-
quisition, investigation, methodology, project administration, validation, 
and writing-review and editing. T.S., N.J., D.B., E.F., and N.P. contributed 
to data curation, formal analysis, project administration, validation, and 
writing-review and editing. I.M., C.C., and M.-Y.K. contributed to formal 
analysis, project administration, validation, and writing-review and edit-
ing. A.K., S.H., N.A.H., R.B., Z.W., M.E., S.P., R.V., S.K., P.B.L., J.O.N., 
D.W.D., N.S.P., N.L., M.T., and J.S. contributed to project administra-
tion, validation, and writing-review and editing.

Supplementary material
Supplementary material is available at Europace online.

Funding
This study was supported by British Heart Foundation Project Grant (15/ 
36/31425). Medtronic Inc. (Minneapolis, USA) manufacture the cryo- 
balloons used in this study and provided part-funding for the trial. As per 
GPP2, the company was not involved in any aspect of the design, data inter-
pretation, or preparation of the manuscript. The company had access to the 
final version of the manuscript and will receive some anonymized data. The 
researchers were independent from the funders.

Conflict of interest: All authors have completed the ICMJE uniform dis-
closure form at www.icmje.org/coi_disclosure.pdf and declare: aside from 
the funding acknowledgements, no other support from any organization 
for the submitted work; P.K. has received consulting fees and research 
grants from Biosense-Webster, Abbott-Medical, Medtronic, and 
Boston-Scientific; J.M.C. has received a research grant and speaker fees 
from Medtronic; M.T. has received research grants from Medtronic, 
Biosense-Webster and Abbott Medical, and other support from Daiichi 
Sankyo and Abbott Medical; D.T. has received a travel grant for conference 
attendance from Medtronic UK, a consultancy fee from Abbott UK, and 
fees for teaching on a course from Medtronic UK Ltd, Boston Scientific 
Ltd, and Abbott UK; Z.W. has received speaker fees from Medtronic in re-
lation to cardiac pacing; D.W.D. has received personal fees from Medtronic 
as a Consultant for the Medtronic AF division; I.M. and C.C. have received 
BHF Clinical Research Training Fellowship grants; P.K. and N.L. have a pa-
tent for Ripple Mapping which is licensed to Biosense-Webster with royal-
ties paid to Imperial College. No other competing interests are declared.

Data availability
The data collected in the study, including anonymized individual patient data 
and a data dictionary defining each field in the data set, will be made available 
to others on reasonable request to the corresponding author.

References
1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C et al. 2020 

ESC guidelines for the diagnosis and management of atrial fibrillation developed in col-
laboration with the European Association of Cardio-Thoracic Surgery (EACTS). Eur 
Heart J 2021;42:373–498.

2. Anderson JL, Gilbert EM, Alpert BL, Henthorn RW, Waldo AL, Bhandari AK et al. 
Prevention of symptomatic recurrences of paroxysmal atrial fibrillation in patients ini-
tially tolerating antiarrhythmic therapy. A multi-centre, double-blind, crossover study 
of flecainide and placebo with trans-telephonic monitoring. Flecainide supraventricular 
tachycardia study group. Circulation 1989;80:1557–70.

3. Singh BN, Singh SN, Reda DJ, Tang XC, Lopez B, Harris CL et al. Sotalol amiodarone 
atrial fibrillation efficacy trial (SAFE-T) investigators. Amiodarone versus sotalol for at-
rial fibrillation. N Engl J Med 2005;352:1861–72.

4. Pappone C, Augello G, Sala S, Gugliotta F, Vicedomini G, Gulletta S et al. A randomized 
trial of circumferential pulmonary vein ablation versus antiarrhythmic drug therapy in 
paroxysmal atrial fibrillation: the APAF study. J Am Coll Cardiol 2006;48:2340–7.

5. Stabile G, Bertaglia E, Senatore G, De Simone A, Zoppo F, Donnici G et al. Catheter 
ablation treatment in patients with drug-refractory atrial fibrillation: a prospective, 
multi-centre, randomized, controlled study (catheter ablation for the cure of atrial fib-
rillation study). Eur Heart J 2006;27:216–21.

6. Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Natale A et al. Comparison 
of antiarrhythmic drug therapy and radiofrequency catheter ablation in patients with 
paroxysmal atrial fibrillation: a randomized controlled trial. JAMA 2010;303:333–40.

7. Nielsen JC, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H, Kongstad O et al. 
Radiofrequency ablation as initial therapy in paroxysmal atrial fibrillation. N Engl J Med 
2012;367:1587–95.

8. Morillo CA, Verma A, Connolly SJ, Kuck KH, Nair GM, Champagne J et al. 
Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of paroxysmal 
atrial fibrillation (RAAFT-2): a randomized trial. JAMA 2014;311:692–700.

9. Andrade JG, Champagne J, Dubuc M, Deyell MW, Verma A, Macle L et al. Cryoballoon or 
radiofrequency ablation for atrial fibrillation assessed by continuous monitoring: a rando-
mized clinical trial. CIRCA-DOSE study investigators. Circulation 2019;140:1779–88.

10. Ciconte G, Sieira-Moret J, Hacioglu E, Mugnai G, DI Giovanni G, Velagic V et al. Single 
3-minute freeze for second-generation cryoballoon ablation: one-year follow-up after 
pulmonary vein isolation. Heart Rhythm 2015;12:673–80.

11. Bordignon S, Fürnkranz A, Perrotta L, Dugo D, Konstantinou A, Nowak B et al. High 
rate of durable pulmonary vein isolation after second-generation cryoballoon ablation: 
analysis of repeat procedures. Europace 2015;17:725–31.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac253#supplementary-data
http://www.icmje.org/coi_disclosure.pdf


872                                                                                                                                                                                  P. Kanagaratnam et al.

12. Mann I, Sasikaran T, Sandler B, Babalis D, Johnson N, Falaschetti E et al. Ablation versus 
anti-arrhythmic therapy for reducing all hospital episodes from recurrent atrial fibrilla-
tion (AVATAR-AF): design and rationale. Am Heart J 2019;214:36–45.

13. Kirchhof P, Camm AJ, Goette A, Brandes A, Eckardt L, Elvan A et al. EAST-AFNET 4 trial 
investigators. Early rhythm-control therapy in patients with atrial fibrillation. N Engl J 
Med 2020;383:1305–16.

14. Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, Poole JE et al. Effect of cath-
eter ablation vs antiarrhythmic drug therapy on mortality, stroke, bleeding, and cardiac 
arrest among patients with atrial fibrillation: the CABANA randomized clinical trial. 
JAMA 2019;321:1275–85.

15. Andrade JG, Wells GA, Deyell MW, Bennett M, Essebag V, Champagne J et al. 
Cryoablation or drug therapy for initial treatment of atrial fibrillation. N Engl J Med 
2021;384:305–15.

16. Wazni OM, Dandamudi G, Sood N, Hoyt R, Tyler J, Durrani S et al. Cryoballoon abla-
tion as initial therapy for atrial fibrillation. STOP AF first trial investigators. N Engl J Med 
2021;384:316–24.

17. Tondo C, Tritto M, Landolina M, DE Girolamo P, Bencardino G, Moltrasio M 
et al. Rhythm-symptom correlation in patients on continuous monitoring 
after catheter ablation of atrial fibrillation. J Cardiovasc Electrophysiol 2014;25: 
154–60.

18. Blomström-Lundqvist C, Gizurarson S, Schwieler J, Jensen SM, Bergfeldt L, Kennebäck G 
et al. Effect of catheter ablation vs antiarrhythmic medication on quality of life in 
patients with atrial fibrillation: the CAPTAF randomized clinical trial. JAMA 2019;321: 
1059–68.

19. Kuck KH, Hoffmann BA, Ernst S, Wegscheider K, Treszl A, Metzner A et al. Impact of 
complete versus incomplete circumferential lines around the pulmonary veins during 
catheter ablation of paroxysmal atrial fibrillation: results from the gap-atrial 
fibrillation-German atrial fibrillation competence network 1 trial. Circ Arrhythm 
Electrophysiol 2016;9:e003337.

20. Krijthe BP, Kunst A, Benjamin EJ, Lip GY, Franco OH, Hofman A et al. Projections on the 
number of individuals with atrial fibrillation in the European union, from 2000 to 2060. 
Eur Heart J 2013;34:2746–51.


	Ablation versus anti-arrhythmic therapy for reducing all hospital episodes from recurrent atrial fibrillation: a prospective, randomized, multi-centre, open label trial
	Introduction
	Methods
	Study design
	Patients
	Procedures
	Outcomes
	Statistical analysis

	Results
	Primary endpoints
	Secondary endpoints
	Ablation after index intervention
	Ablation as ‘first-line’ therapy
	Procedural parameters

	Discussion
	Transparency declaration
	Dissemination plan
	Authors’ contributions
	Supplementary material
	Funding
	Data availability
	References




