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Introduction
Catheter ablation for atrial fibrillation (AF) has gained worldwide 

recognition and evolved enormously with new techniques and 

technologies to achieve higher rate of arrhythmia-free survival 1. 
Ablation for paroxysmal AF (PAF) in patients with no structural 
heart disease appears to have excellent success rates in excess of 80% 
with very few complications; some trials have even suggested catheter 
ablation as the first line of treatment in PAF patients 2. However, 
the results are yet to be satisfactory for the treatment of non-PAF, 
including persistent (PeAF) and long-standing persistent AF (LSPAF) 
3. The main concern in this subset of AF population is the lack of 
consensus regarding the best targets to ablate and the most effective 
strategy between trigger elimination and substrate modification, to 
adopt 3. Comparative data from several randomized trials (RCT) have 
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Abstract
Introduction: The limited success rate of conventional ablation approach including isolation of pulmonary veins (PVI) in non-paroxysmal 

AF has led to the search for alternative ablation strategies. In this study, we evaluated the outcome of three different ablation approaches 
for non-paroxysmal AF. 

Methods: Patients were randomly assigned to Group 1: PVI+ isolation of LA posterior wall (PWI), Group 2: PVI+ scar homogenization and 
Group 3: PVI+PWI+ ablation of sustained non-PV triggers.

LA scar (<0.5 mV) was identified by 3-D voltage mapping in sinus rhythm. Freedom from arrhythmia recurrence at 1 year and acute 
procedure-success, defined as AF termination (organization to AT or conversion to sinus rhythm), were compared across the groups

Results: A total of 62 patients were randomized to group 1: 22, group 2: 19 and group 3: 21. Eight (36.4%) in group 1 and 9 (47.4%) in 
group 2 failed to achieve acute procedural success and underwent PVI+PWI+NPV trigger ablation. Acute success was achieved in all (100%) 
group 3 patients.  Acute procedure failure or recurrence of arrhythmia at 1 year was reported in 54.5% (12/22) in group 1, 68.4% (13/19) 
group 2 and 28.6% (6/21) in group 3. Compared to group 3, the combined failure rate was significantly higher in group 2 (Chi-Square p= 
0.011, Odds ratio 5.42 (95% CI 1.40 to 20.97), p=0.014). 

Conclusion: In patients with non-paroxysmal AF, PVI+ scar homogenization was associated with significantly lower success rate compared 
to the ablation strategy targeting PV+ posterior wall +non-PV triggers. 
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shown no additional benefit when either linear ablations or ablation 
of complex fractionated electrograms was performed in addition to 
pulmonary vein isolation (PVI) 4-7. Others have reported mixed results 
regarding the advantages of substrate-guided AF ablation (8, 9). Lastly, 
a number of prospective studies have demonstrated higher success rate 
following PVI + trigger-based ablation in non-paroxysmal AF 10-13. 
To summarize, results from the above-mentioned studies were varied 
barring any definitive conclusion regarding the best ablation strategy 
for PeAF and LSPAF, to be drawn from the findings. Therefore, we 
designed this randomized trial to compare the long-term outcome 
of three ablation approaches for PeAF and LSPAF; PVI plus left 
ventricular posterior wall isolation (PWI), PVI combined with scar 
homogenization and PVI plus PWI and ablation of non-PV triggers.

Methods
TANTRA (Trigger Ablation Prevents Recurrence in non-

paroxysmal AF) was a randomized, single-blinded (patients were 
blinded to group assignment), multi-center study evaluating the efficacy 
of the ablation approaches. The study objective was to assess recurrence 
rates across three AF ablation procedures. The study enrolled 62 eligible 
patients diagnosed with persistent or long-standing persistent AF and 
undergoing catheter ablation at three participating centers. Patients 
were randomly assigned (at 1:1:1 ratio) to receive PVI + PW isolation 
(group 1, n=22), PVI + scar homogenization (group 2, n=19) or PVI + 
PWI + ablation of sustained non-PV triggers (group 3, n=21).  

Freedom from arrhythmia recurrence at one year was the primary 
end point of the study. Freedom from recurrence was defined as no 
episodes of AF, atrial flutter (AFL) or atrial tachycardia (AT) of > 30 
second duration off antiarrhythmic drugs (AAD) at follow-up. Any 
episodes that occurred during the first 12-weeks (blanking period) 
after the procedure were not considered as recurrence. A repeat 
ablation procedure during follow-up was considered failure of the 
index procedure.

The TANTRA trial was approved by respective institutional 
review boards and registered at the US National Institute of Health 
(ClinicalTrial.gov: #NCT01672138). All study-participants provided 
written informed consent.

Randomization Procedure
A computer algorithm written in SAS version 9.4 (Cary, NC) 

was used for generating a central randomization sequence with 
block randomization. The enrolling sites were provided with blocks 
of randomization numbers. Sites were instructed to store the 
randomization sequence at restricted access location. The arm allocation 
was provided to the investigator when the patient was ready to be 
randomized.

Sample Size
The study was planned to enroll 62 patients per arm, to detect an 

effect of 25% for the primary outcome was determined using two-sided 
alpha = 0.05 and power = 0.80 (beta= 0.20). 

However, the trial was terminated early following significantly higher 
acute failure and recurrence rate observed in PVI + scar homogenization 
group (group 2) at the futility analysis.  At the time of early stoppage, 
total 62 patients were enrolled and randomized.

Non-PV triggers were defined as ectopic triggers originating from 
sites other than pulmonary veins such as interatrial septum, superior 

Figure 1:

Kaplan-Meier curves comparing freedom from recurrence of AF/
AT between study groups after the first ablation. At 323±79 days 
of follow-up, the recurrence rate off AAD was 28.6% in group 1, 
40.0% in group 2 and 21.1% in group 3 (log-rank p 0.042). Pair-
wise comparison of recurrence rates between group 2 and group 
3 was significant (multiplicity adjusted Log-rank p=0.040). No 
difference observed between group 1 and group 2 (p=0.411) and 
group 1 and group 3 (p=0.367)

Table 1:
Baseline clinical and demographic characteristics by randomized 
study groups

Group 1 (n=22) Group 2 (n=19) Group 3 (n=21)

Age, years 64.0±8.7 65.8±8.6 63.8±9.2

Male 12(55%) 14(74%) 16(76%)

BMI (kg/m2) 30.4±6.8 29.0±4.2 29.7±6.7

Smoking 4(18%) 3(16%) 3(14%)

Alcohol 2(9%) 2(11%) 0(0%)

Hypertension 14(64%) 13(68%) 13(62%)

Diabetes mellitus 5(23%) 6(32%) 4(19%)

CAD 2(9%) 3(16%) 4(19%)

COPD 1(5%) 1(5%) 1(5%)

DVT 0(0%) 1(5%) 1(5%)

Dyslipidemia 8(36%) 7(37%) 8(38%)

OSA 2(9%) 1(5%) 3(15%)

CHF 1(5%) 2(11%) 2(10%)

CABG 0(0%) 1(5%) 2(10%)

PCI 0(0%) 2(11%) 2(10%)

LAD (cm) 4.5±0.8 4.7±0.3 4.2±0.5

LVEF (%) 51.9±12.1 49.5±13.1 52.3±9.9

AF Duration, (Months) 9.4±10.1 13.1±10.8 12.08±14.6

Continuous variables are reported as mean± SD and Categorical variables as number (percentages).
BMI indicates Body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary 
disease; DVT: deep vein thrombosis; OSA: obstructive sleep apnea; CHF: congestive heart failure; 
CABG: coronary artery bypass graft surgery; PCI: percutaneous coronary intervention; LAD: left 
atrium diameter; LVEF: left ventricular ejection fraction; AF: atrial fibrillation.
Groups patients were randomized to: Group 1: patients with Pulmonary Vein Isolation and Posterior 
Wall ablation, Group 2: patients with Pulmonary Vein Isolation and scar homogenization and Group 
3: patients with Pulmonary Vein Isolation, Posterior Wall ablation and Non-Pulmonary Vein trigger 
ablation.
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vena cava, left atrial appendage (LAA), crista terminalis and coronary 
sinus (CS). Only sustained triggers (>30 seconds) were targeted for 
ablation. Non-sustained drivers (repetitive short- lasting bursts of 
arrhythmia (<30 sec) or premature atrial contractions (PAC) (≥10 
beats/minute) with earliest activation from non-PV sites) were not 
included as ablation-targets 11.

Ablation procedures
Institutional protocol for standard mapping and ablation procedure 

was followed by all as described in earlier publications from our group 
11, 14. Briefly, anti-arrhythmic drugs, excepting amiodarone, were 
discontinued 3-5 days before the procedure; amiodarone was stopped at 
least 4-6 months prior to the ablation. All patients underwent ablation 
under general anesthesia and uninterrupted anti-coagulation with 
warfar in or novel oral anti-coagulants (NOACs). 

Group 1
PVI and electrical isolation of the posterior wall between the 

pulmonary veins were performed using 3.5-mm irrigated-tip catheter 
guided by circular mapping catheter, intra-cardiac echocardiography 
and a 3-D mapping system. Radiofrequency (RF) energy was delivered 
with a maximum temperature setting of 420C and a power of up to 
45W. An esophageal probe was utilized in all patients to monitor 
esophageal temperature during ablation in areas in close proximity to 
the esophagus, such as the left atrial posterior wall. When ablating the 
posterior wall, the power was decreased to 35W and energy delivery 
was discontinued when the temperature reached 39°C. Complete 
abolition of all PV potentials rather than decrease in the amplitudes was 

the end point and confirmed by entrance and/or exit block. If ablation 
was unsuccessful in terminating the arrhythmia, cardioversion was 
performed to restore sinus rhythm.

Group 2
Patients in group 2 received PVI first followed by scar 

homogenization. Posterior wall isolation was not performed in this 
cohort. If PVI was unsuccessful in terminating the arrhythmia, 
cardioversion was performed to restore sinus rhythm.

LA scar was identified by 3-D voltage mapping in sinus rhythm; 
low voltage area was defined as a region with bipolar voltage amplitude 
<0.5 mV. PVI was extended to the entire scar area and RF energy was 
delivered until all abnormal potentials in the low-voltage areas were 
eliminated 9.

Group 3
All patients in this group underwent PVI followed by electrical 

isolation of left atrial posterior wall. If arrhythmia did not terminate 
after the procedure, cardioversion was performed.

Next, isoproterenol 20- 30µg/min for 15–20min was given to disclose 
non-PV triggers and to look for acute pulmonary vein reconnection. 
The drug challenge was implemented regardless of the rhythm status 
following PVI+PWI or subsequent cardioversion, i.e. in sinus rhythm 
or in arrhythmia. Mapping was done using the circular mapping 
catheter during isoproterenol challenge to identify the site of origin 
of significant ectopic activity by comparing the activation sequence 
of the sinus beat with that of the ectopic beat. Additional RF energy 
was used to ablate the non-PV foci 14. Only sustained non-PV triggers 
were targeted for ablation. In case of triggers from LAA and CS, those 
structures were electrically isolated.

The procedural end point was local elimination of all pulmonary 
vein potentials along the antra with demonstration of entry block 
and ablation of sustained triggers arising outside the pulmonary vein 
antrum, induced during isoproterenol infusion 11,14.

If acute success was not achieved during the procedure, patients were 
cardioverted. Patients from group 1 and 2 that went back to AFib on 
the table following cardioversion, were counted as ‘acute procedural 
failure’ for the ablation strategy they were randomized to and were 
moved to group 3.

Patients were discharged after an overnight stay on their previously 
ineffective AADs, with the exception of amiodarone, which was never 
restarted during the 12-weeks blanking period.

Follow-up
Follow-up was performed at 3, 6, 9 and 12 months after the procedure 

and every 6 months thereafter, with office visits, cardiology evaluation, 
12-lead electrocardiogram (ECG), and 7 day holter monitoring. 
Additionally, patients were given event-recorders for the first 5 months 
following the procedure and were asked to transmit their rhythm every 
time they had symptoms compatible with arrhythmias and at least 3 
times a week even if asymptomatic. 

Figure 2:

Box plots presenting the true distribution of recurrence rates 
in the study groups, as estimated from the 500 replicates 
of bootstrapped re-sampling.  Compared with the empirical 
distribution in the study sample, this analysis demonstrated 
comparable recurrence rates; median 28.57% (inter quartile 
range 23.08% - 33.33%) group 1, 40.00% (35.61% - 45.45%) in 
group 2 and 20.51% (18.42% - 22.22%) in group 3. Individual 
data points within each group are plotted along the box plots to 
demonstrate the spread of the data.  
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size as the original study data sample. This randomly re-sampled 
bootstrapped data was then used for obtaining the parameter 
distribution and model validation. 

Sensitivity analysis was conducted to assess the robustness of 
the sampling distribution of arrhythmia recurrence at 1-year, with 
reference to the estimated true distribution. Kaplan-Meier analyses 
were performed on each replicate of the bootstrapped samples. Survival 
estimates and summary of censored and uncensored values were 
captured from SAS outputs. This data from the 500 replicates was 
used for descriptive summarization of the distribution of recurrence 
rate across the three study groups. 

Univariate and multivariate Cox proportional hazards models 
were used for identifying significant predictors of AF recurrence. 
Proportional hazards assumption for the covariates was tested by 
Schoenfeld residual analysis. Age, sex, presence of obstructive sleep 
apnea and left-atrial diameter were fitted in the multivariable model as 
controlling variables. Hazard ratios (HR) along with 95% CI from the 
Cox model are reported in the results. HR estimates from the model 
were validated using the bootstrapped random re-sampled data. The 
Cox regression model was run on each replicate of the bootstrapped 
sample. The percentage of times a significant HR achieved in the 
bootstrapped models was used for validation of the original model. 

All enrolled patients who underwent the ablation procedure 
constituted the intent to treat (ITT) population and were included 
in the analysis. All tests were two-sided and a P-value <0.05 was 
considered statistically significant. Analyses were performed using 
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
A total of 62 consenting patients undergoing their first catheter 

ablation were enrolled and randomized to study groups. The baseline 
demographic and clinical characteristics were not different between 
the groups (table 1 and table 2). In groups 1, 2, and 3 the mean age 
was 64.0±8.7, 65.8±8.6 and 63.8±9.2 years, 54%, 74% and 76% male, 
left atrial diameter 4.5±0.8, 4.7±0.3 and 4.2±0.5 cm, LVEF 51.9±12.1, 
49.5±13.1 and 52.3±9.9 % respectively (table 1). 

Of the 19 patients enrolled in group 2, 12 (63.1%) had severe scar, 
5 (26.3%) had moderate and the remaining 2 patients had mild left 
atrial scar. The scars were mostly located in the left atrial posterior wall, 
surrounding the PV ostia and the anterior septum.

Eight of 22 (36.4%) patients in group 1 and 9 of 19 (47.4%) in 
group 2 failed to achieve acute procedural success (AF termination, i.e. 
organization to AT or conversion to sinus rhythm after cardioversion). 
These 17 patients crossed over to receive PVI+PW+NPV trigger 
ablation. Acute success was achieved in all 21 (100%) group 3 patients. 
After the crossover, 14 patients received PVI+ PW isolation, 10 patients 
had PVI+ scar homogenization and 38 patients underwent PVI + 
PW + non-PV trigger ablation. Of the 38 patients in group 3, 6 ( 
15.8%) received LAA isolation. A total of 4 patients (4/38,10.5%) 
received electrical cardioversion at the end of the procedure. Successful 

Oral anticoagulant therapy was continued up to 6 months following 
the procedure, after which it was discontinued in all patients that 
remained arrhythmia-free. If the patients underwent LAA isolation, 
a TEE was performed at 6 months to assess the contractility and flow 
velocity of the LAA and in case of inadequate flow-velocity, patients 
were kept on anticoagulants 15.

Statistical Analysis
Continuous data are described as mean ± standard deviation (median 

and inter-quartile range (IQR) for non-normal data) and as counts and 
percent for categorical variables.  

Arrhythmia recurrence was compared by log-rank test and Kaplan-
Meier curves were generated. Event-free duration was defined as 
time from procedure to occurrence of outcome event (arrhythmia 
recurrence). Patients event-free at end of follow-up were censored on 
date of last assessment. 

The proportion of patients experiencing the combined outcome of 
acute procedure failure and/or recurrence of at 1 year, were reported 
along with the 95% confidence intervals (CI), calculated using Exact 
Clopper-Pearson method. The combined failure rate between groups 
was analyzed using Chi-square test.  

Sensitivity analysis was conducted, using bootstrapping technique, to 
estimate the distribution of arrhythmia recurrence. The bootstrapping 
was performed by taking 500 random re-samplings, with replacement, 
from the study data set. The bootstrapped samples were of the same 

Table 2: Baseline clinical and demographic characteristics by the ablation 
strategies the patients received

Group 1 (n=14) Group 2 (n=10) Group 3 (n=38)

Age, years 63.9±7.2 62.7±9.6 65.2±9.2

Male 8(57%) 5(50%) 29(76%)

BMI (kg/m2) 31.0±7.2 28.9±4.5 29.5±5.9

Smoking 3(21%) 3(30%) 4(11%)

Alcohol 1(7%) 1(10%) 2(5%)

Hypertension 5(36%) 6(60%) 25(66%)

Diabetes mellitus 3(21%) 2(20%) 10(26%)

CAD 1(7%) 1(10%) 7(18%)

COPD 0(0%) 1(10%) 2(5%)

DVT 0(0%) 1(10%) 1(3%)

Dyslipidemia 7(50%) 2(20%) 14(37%)

OSA 1(7%) 0(0%) 5(13%)

CHF 1(7%) 0(0%) 4(11%)

CABG 0(0%) 1(10%) 2(5%)

PCI 0(0%) 0(0%) 4(11%)

LAD (cm) 4.5±0.8 4.6±0.5 4.3±0.5

LVEF (%) 52.4±12.4 48.1±11.4 53.6±10.8

AF Duration (Months) 9.4±10.1 11.6±7.4 14.4±15.1

Continuous variables are reported as mean± SD and Categorical variables as number (percentages).
BMI indicates Body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary 
disease; DVT: deep vein thrombosis; OSA: obstructive sleep apnea; CHF: congestive heart failure; 
CABG: coronary artery bypass graft surgery; PCI: percutaneous coronary intervention; LAD: left 
atrium diameter; LVEF: left ventricular ejection fraction; AF: atrial fibrillation.
Groups represent the actual procedure the patients received. Group 1: Pulmonary Vein Isolation and 
Posterior Wall ablation, Group 2: Pulmonary Vein Isolation and scar homogenization and Group 3: 
Pulmonary Vein Isolation, Posterior Wall ablation and Non-Pulmonary Vein trigger ablation.
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pulmonary stenosis, esophageal injury or major bleeding events were 
reported.

Discussion
The main findings of this randomized trial were the following; 1) 

acute procedural success was achieved in 100% of patients in group 
3, whereas it was 63.7% and 52.6% in group 1 and 2 respectively, 
2) patients undergoing PVI + scar homogenization (Group 2) had 
significantly higher recurrence rate at 1-year compared to group 3, 3)  
patients receiving PVI + PW + non-PV trigger ablation (Group 3) were 
77% less likely to experience recurrence and 4) comparable success rate 
was observed between group 1 and group 3.

The technique and technology of catheter ablation have evolved 
significantly over the last decades improving the safety and efficacy of 
this intervention. However, even though the number of first-time AF 
ablations has increased exponentially in recent years, there is still no 
consensus regarding the best ablation strategy for different AF types 16. 
Our findings, in this regard, provide a direction for the non-paroxysmal 
AF patients.

Complete electrical entrance and exit block from the pulmonary 
veins (PVs) to the left atrium (LA) is a well defined and established 
endpoint of persistent AF ablation 17. Additionally, acute termination 
of AF during the procedure has been proposed as an indicator of 
successful AF substrate modification 17. In addition, the definition 
of acute procedural success in our trial included failure to remain in 
SR following cardioversion at the end of the procedure. Therefore, 
several patients from group 1 and 2 were crossed over to group 3 
as their arrhythmia did not terminate after the assigned procedure 
was completed and they immediately reverted to AF following 
cardioversion. 

As per the study protocol, group 1 and 3 patients received additional 
isolation of the left atrial posterior wall (LAPW); isolation of the 
LAPW has been shown to increase the short- and mid-term success 
rate of PVI in non-paroxysmal AF patients 18-21. The common 
embryologic origin of the PVs and the LAPW provides the anatomic 
basis that suggests the role of LAPW as an arrhythmogenic substrate 
in the origin and maintenance of AF 18. Damiano et al reported ‘failure 
to isolate entire posterior LA’ to be an independent risk factor for AF 
recurrence at one year following the Cox-Maze procedure 19. Sanders 
et al observed 63% success rate with complete LAPW isolation at ~2 
years follow-up 21. However, late recurrences were not uncommon 
even after proven isolation of PVs and LAPW, as shown by our group 
18. In the presence of permanent isolation of PVs and LAPW, trigger 
activities from sites that were not eliminated by this procedure were 
the most likely causative factors behind the late recurrent events 18. 
In non-paroxysmal AF, mechanisms other than PV triggers such 
as arrhythmogenic substrate remodeling plays a crucial role in the 
perpetuation of AF and as the critical substrate for chronic AF typically 
harbors outside PV antra, ablation of targets such as non-PV triggers 
in addition to PV and PW isolation increase the success rate 14.

In our study, adjunctive ablation of non-PV triggers resulted 
in significantly superior success rate compared to PVI plus scar 
homogenization. Fibrotic tissue can promote atrial arrhythmogenesis 

termination of AF at end of procedure was achieved in all patients. 

Acute procedure failure and/or recurrence of arrhythmia at 1 year 
were assessed together as a combined endpoint. Such combined failure 
was reported in 12 of 22 patients (54.5%, (95% CI 32.21% to 75.61%)) 
in group 1, 13 of 19 (68.4%, (43.45% to 87.42%)) group 2 and 6 of 
21 (28.6% (11.28% to 52.18%)) in group 3. Compared to group 3, 
the combined failure rate was significantly higher in group 2 (Chi-
Square p= 0.011, Odds ratio 5.42 (95% CI 1.40 to 20.97), p=0.014). No 
significant difference was observed between groups 1 and 2 (p=0.364).

Recurrence at 1-year follow-up
All patients completed a minimum follow-up of 1 year; the average 

follow-up duration was 323±79 days. The primary endpoint, arrhythmia 
recurrence after a single procedure, off AAD, was reported in 4/14 
patients (28.6%) in group 1, 4/10 patients (40.0%) in group 2 and 8/38 
patients (21.1%) in group 3 (log-rank p = 0.042, figure 2). 

At one year, one of the 6 (16.6%) patients receiving LAA isolation 
had recurrence. No thromboembolic (TE) events were reported.

Pair-wise comparison was performed to assess between-group 
difference. Patients undergoing PVI + scar homogenization (Group 
2) had significantly higher recurrence rate compared to group 3 
(multiplicity adjusted Log-rank p=0.040).  However, the recurrence 
rates between group 1 and group 2 and group 1 and 3 were not different 
(adjusted Log-rank p=0.411 and 0.367 respectively).

Results from the bootstrapped sensitivity analysis assessing the 
robustness of the observed recurrence in the study demonstrated 
recurrence rates similar to the original data set; median 28.57% (IQR 
23.08% - 33.33%) group 1, median 40.00% (IQR 35.61% - 45.45%) 
in group 2 and median 20.51% (IQR 18.42% - 22.22%) in group 3. 
Box plots presenting recurrence rate distribution are displayed in figure 
2. Individual data points within each group are plotted along the box 
plots to demonstrate the spread of the data.  

Predictors of Recurrence
A multivariate Cox model was fitted with covariates mentioned in 

statistical analysis section. Compared to PVI + scar homogenization 
(group 2), patients receiving PVI + PW + non-PV trigger ablation 
(Group 3) were 77% less likely to experience recurrence (HR 0.23 
(95% CI 0.06 - 0.92), p 0.038). However, such significant benefit was 
not predicted for PVI+PW ablation (Group 1) compared to PVI + scar 
homogenization (Group 2) (HR 0.59 (0.14 - 2.32), p=0.44). 

The significant benefit achieved in Group 3 was validated by the 
hazard ratio estimates obtained from the bootstrap re-sampling.  
Receiving PVI + PW + non-PV trigger ablation was shown to be a 
significant predictor in 354 (70.8%) of the 500 re-sampled iterations. 

Complications
Six patients (1 in group 1, 3 in group 2 and 2 in group 3) had groin 

hematoma and 3 patients (1 in group 1 and 2 in group 2) had small 
pericardial effusions that were conservatively managed with fresh-
frozen plasma and protamine. No major adverse events such as stroke, 
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trial has shown no advantage of the latter. Thirdly, AF recurrences 
could have been underestimated as the patients were not continuously 
monitored and we could have missed some asymptomatic events. 
However, patients included in this study were symptomatic and were 
able to distinguish their AF symptoms. In addition, in an earlier study 
conducted by our group, we did not observe significant differences in 
the captured arrhythmia events between the implantable loop recorder 
and conventional monitoring 32. Lastly, as these findings were observed 
in a non-paroxysmal AF population, the results cannot be generalized 
to all AF types. However, in a prospective study including paroxysmal 
AF patients with severe left atrial scar, we observed superior success 
rate in PVI+ non-PV trigger ablation group compared to PVI+ scar 
homogenization 9.

Conclusion
The findings from the TANTRA randomized trial showed 

the advantages of adjunctive non-PV trigger ablation over scar 
homogenization in non-paroxysmal AF patients undergoing their 
first catheter ablation. PVI+ scar homogenization was associated with 
significantly lower success rate compared to the ablation strategy 
targeting PVs plus left atrial posterior wall and non-PV triggers. 
However, because of the small sample size of the analyzed population, 
the results from this study warrants confirmation in subsequent larger 
trials.
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