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Abstract

Background: Ablation index (AI) is a novel catheter-based parameter 
that has improved the outcome and safety of radiofrequency (RF) abla-
tion of pulmonary vein isolations (PVIs). This index incorporates con-
tact force (CF) (g), time (s), and power (W) parameters. The role of AI 
in redo ablations for persistent atrial fibrillation (peAF) has not been 
fully investigated. Hence, the impact of AI on the success of the redo 
PVI during the short-term follow-up period is the aim of this study.

Methods: A retrospective analysis of 39 consecutive patients who un-
derwent redo PVI ablations for peAF was carried out between Janu-
ary 2016 and December 2018. Target values for AI were 500 - 550 
for anterior and roof and 400 - 380 for posterior and inferior regions. 
We compared outcomes between AI-guided and catheter CF ablations 
(i.e., forced time integral (FTI) of more than 400 g/s) during a follow-
up of 24 months.

Results: Pulmonary vein reconnections at redo procedure were simi-
lar in both groups (P = 0.1). AF free burden period was non-signifi-
cant (mean 15.53 ± 2.4 months in AI group vs. 15.22 ± 1.9 months in 
CF group, P = 0.79) at 24 months. The AI group demonstrated greater 
numbers of patients for whom anti-arrhythmic therapy could be de-
escalated over 1 year (n = 11 (65%) in AI vs. n = 6 (27%) in CF, P = 
0.02). Fewer patients underwent escalation of their anti-arrhythmic 
therapy (n = 2 (12%) in AI vs. n = 7 (32%) in CF, P = 0.15). The 
AI group trended towards a shorter procedure time (111.6 ± 27 min) 
compared to the CF group (133 ± 40 min) (P = 0.06). Other proce-
dural details were comparable.

Conclusion: Redo PVI interventions using AI lead to a significant de-
escalation in medication during follow-up. Procedure time and radia-
tion dose using AI tends to be shorter. Both techniques are safe with 
minimal complications.
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Introduction

Pulmonary vein isolation (PVI) has been well established 
as an effective method for the maintenance of sinus rhythm 
(SR) in atrial fibrillation (AF) management [1]. The technique 
has shown greater success in the treatment of paroxysmal AF 
(PAF) in comparison to persistent AF (peAF) as the recurrence 
rate remains high in peAF, leading to redo procedures [2-5].

The common etiology of the recurrence is often related 
to reconnections of the wide antral circumferential ablation 
(WACA) lines of the pulmonary veins 6]. EFFICAS I and II 
studies optimized lesion size and improved efficacy for PVI pro-
cedures [7, 8]. Despite advances and optimization of catheter 
parameters including tissue contact force (CF) and force time 
integral (FTI), ablation power was not previously taken into ac-
count [6, 9]. Ablation index (AI) is a novel parameter which 
incorporates CF, time, and power in deliverance of ablation lines 
[10, 11]. It has been shown to produce more durable outcomes in 
comparison to the CF catheter technique alone using the equa-
tion for AI (CF (g), time (s), and power (W) parameters) [2, 12]. 
The equation of AI is calculated as follows: AI = [11]. AI has 
the potential to optimize results of PVI as well as minimize pro-
cedure-related complications, and improved procedure details 
(i.e., radiation exposure, fluoroscopy time and procedure time) 
[2]. Due to these benefits, AI utilization has been adapted widely 
as the primary modality of PVI execution [11, 12].

We propose the comparison of the outcomes of redo AI-
guided ablation for peAF to the previously widely used cathe-
ter-enabled CF ablation/FTI target of 400 m/s.

Materials and Methods

We carried out a single-center retrospective study (Mater Private 
Hospital, Dublin) in which 39 consecutive patients with peAF 
were included. Group 1 included patients who underwent redo 
CF procedures, from January 2016 until March 2017. Group 2 
included patients who underwent redo AI procedures, from July 
2017 until August 2018. All follow-up data were from 2 years post 
redo procedure. Definitions of persistent and follow-up monitor-
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ing were based on the American College of Cardiology [13]. Each 
operator conducted a high volume of procedures, a minimum of 
100 ablations each per year. Approved institutional review board 
reference is 1/378/2218 TMR. This study was conducted in com-
pliance with the ethical standards of the responsible institution on 
human subjects as well as with the Helsinki Declarations.

Inclusion criteria

There were several parameters set to homogenize the data. All 
patients must have had one prior PVI to be included. Patients 
had de novo peAF, and those who had paroxysmal or other 
atrial tachycardias were excluded. All patients were above 18 
years of age. Prior anti-arrhythmic therapy was not an inclusion 
factor (Supplementary Material 1, www.cardiologyres.org).

Procedure details

Patients underwent general anesthesia, and venipuncture was 
performed in the right femoral vein to allow for vascular ac-
cess. The presence of left atrial appendage (LAA) thrombus 
was excluded by trans-esophageal echocardiography (Vivid 
S70N, GE Healthcare, USA). The latter also guided the tran-
septal puncture where 7-Fr mapping catheters were introduced 
into left atrium (LA) for mapping (each with 20 electrodes; 
LASSO, Biosense-Webster, Inc., Belgium). The mapping cath-
eter generated a 3D fast-anatomical map (FAM) with widely 
used reconstruction software (CARTO3 CONFIDENSE Map-
ping Module, Biosense-Webster, Inc., Belgium). All patients 
received unfractionated heparin according to body weight and 
maintaining activated clotting time (ACT) 250 - 300 s.

Ablation strategies

The pulmonary veins were first re-isolated as standard with 
a WACA line or ablating any identified reconnections in pre-
viously created lines. Additional lines were also added as re-
quired as per the operating electrophysiologists’ clinical judge-
ment. Additional ablation lines occurred in such areas as the 
posterior wall, roof, cavo-tricuspid isthmus, and mitral isthmus.

AI and CF

The AI parameters for group 1 (AI group) were set as 400 - 
550 for the anterior wall and 380 - 400 for the posterior and 
inferior regions. For contact force only patients in group 2 (FTI 
group), redo PVI was carried out using the original CF catheter 
technique (FIT).

Patient follow-up

Patients were followed up for 24 months post-procedure. Heart 
rhythm was assessed using electrocardiography (ECG), Holter 

or through cardiac implanted electronic device. Data collected 
from all available patients’ records as AF recurrence (i.e. from 
clinic letters, electrical synchronized cardioversion post abla-
tion, allied health care reports and remote ECG monitoring). 
A 3-month blanking period was applied, and the data were not 
censured from the outcome during this time. The patient’s anti-
arrhythmic drugs (AADs) were recorded from post-procedure 
up to 6 months, recording any change and/or dosage alterations 
in AADs. This was documented as a de-escalation of therapy, 
measured as the reduction in number of AADs, or a reduction in 
dose. Conversely, escalations or no change were also recorded.

Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistic 
Version 26 (IBM®). Kaplan-Meier graphs were used to evalu-
ate the AF free interval over the follow-up period. Significance 
between outcomes was performed by log rank analysis. All 
continuous variables were expressed as the mean and stand-
ard deviation. The Student’s t-test was used for unpaired group 
comparisons. All tests were two-sided, with a P < 0.05 indicat-
ing statistical significance.

Results

Patient characteristics

The demographics and characteristics of AI group and CF group 
are shown in Table 1. There was no significant difference be-
tween group demographics. There were no intra-procedural 
complications and no post-procedure complications in either 
patient group (Table 2). Procedure details were similar in both 
groups regarding radiation dosage and fluoroscopy time with-
in this patient cohort (Table 1). The mean procedure time was 
shorter in the AI group but did not reach significance (P = 0.055).

AI vs. CF success to maintain SR

There were 21 episodes of AF recorded across both cohorts, 
once recorded the patient’s remaining data were censored, 
outside of the blanking period. In the AI group, nine patients 
(53%) were in SR at 1 year compared to 13 patients (59%) in 
the CF group. The mean AF free interval was 9.35 ± 1 months 
in the AI group vs. 9.68 ± 0.86 months in CF group (Fig. 1). 
There was no significant difference between both groups on 
free AF time at 1 year (P = 0.9).

The Kaplan-Meier chart in Figure 2 shows the AF free 
interval at 2 years. There was no significant difference in 
outcomes between the AI and CF groups (P = 0.79) after 24 
months (Fig. 2). The mean AF free interval for the AI group 
was 15.53 ± 2.4 months, in comparison the mean AF free in-
terval for the CF group was 15.22 ± 1.9 months. There were 
seven patients without full follow-up data up to 24 months in 
the AI group, and five patients in the CF group. The data were 
censored on last date of follow-up period.
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Early recurrence during the blanking period

There were six episodes (27%) of early AF recurrence at 6 
weeks in the CF group, four of which required direct current 
cardioversions (DCCVs). There were three episodes of early 
recurrence at 6 weeks in AI group (18%), all requiring DC-
CVs. All patients with early detected recurrence proceeded to 
have AF detected again after the blanking period. The rate of 
early recurrence was not significantly different between the CF 

and AI groups before the blanking period (P = 0.49).

Ablation lines and the impact on maintenance of SR

Additional lines were created in most patients that presented 
for redo PVI in both patient cohorts (Table 1). There was a 
significantly greater incidence of additional ablation line cre-
ated at redo ablation in the AI group. There were 14 patients 

Table 1.  Summary of Patient Demographics, Anti-Arrhythmic Drugs and Procedure Details

Group 1: AI (n = 17) Group 2: CF (n = 22) P-value
Number, n 17 22 0.71
Female, n (%) 3 (18%) 6 (26%) 0.50
Age (yrs) 62 (57 - 67) 62 (57 - 67) 0.38
Weight (kg) 95 (87 - 103) 89.8 (81 - 98.5) 0.32
Height (m) 1.79 (1.74 - 1.8) 1.8 (1.76 - 1.84) 0.52
Comorbidities
  Hypertension, n (%) 4 (24%) 7 (32%) 0.58
  Obstructive sleep apnea, n (%) 0 2 (9%) 0.21
  Obesity, n (%) 0 1 (5%) 0.39
  Coronary artery disease, n (%) 2 (13%) 3 (14%) 0.88
  Dyslipidemia, n (%) 0 3 (14%) 0.12
  CKD, n (%) 1 (6%) 2 (9%) 0.72
  LA volume (ml3) 29.5 (24.6 - 35.3) 36.6 (36.3 - 46.6) 0.12
  LA diameter (cm) 4.6 (4.15 - 5.05) 4.38 (4.03 - 4.73) 0.66
  LVEF (%) 58 (52.8 - 63.2) 61 (56.4 - 65.6) 0.85
  CHADS2VASC Score (n) 1.28 (1.1 - 1.4) 1.45 (1.3 - 1.6) 0.67
  PV Reconnection, n (%) 17 (100%) 19 (86%) 0.10
Anti-arrhythmic
  Bisoprolol, n (%) 6 (35%) 10 (45%) 0.54
  Sotalol, n (%) 7 (41%) 8 (36%) 0.77
  Metoprolol, n (%) 1 (6%) 2 (9%) 0.72
  Drondarone, n (%) 1 (6%) - 0.26
  Flecainide, n (%) 3 (18%) 2 (9%) 0.41
  Amiodarone, n (%) 1 (6%) 3 (14%) 0.44
  Verapamil, n (%) 1 (6%) - 0.26
Procedure details
  Procedure time (min) 111.6 (98.8 - 124.4) 133 (116.3 - 149.7) 0.055
  Fluoroscopy time (min) 12.5 (8.3 - 16.7) 11.5 (9.2 - 13.8) 0.49
  Radiation dose (mGy) 51 (32.9 - 69.1) 48.7 (30.5 - 66.9) 0.14
Additional lines
  PVI alone, n (%) 3 (18%) 8 (36%) 0.01*
  PVI + 1 additional ablation line, n (%) 11 (65%) 12 (55%) 0.70
  PVI + 2 additional ablation line, n (%) 3 (18%) 2 (9%) 0.74

*There was significantly higher rate of PVI ablation alone in group 2, the patients who underwent the CF procedure. The incidence of additional 
ablation lines was higher in the AF group. AI: ablation index; CF: contact force; PVI: pulmonary vein isolation; CKD: chronic kidney disease; LA: left 
atrium; LVEF: left ventricular ejection fraction.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org100

AI Outcome in Redo peAF Ablation Cardiol Res. 2022;13(2):97-103

(83%) in the AI group compared to 14 patients in the CF group 
(64%) (P = 0.01). When a subgroup analysis of the cohorts that 
had PVI with additional lines was carried out between groups, 
it showed no significant difference on the outcome, i.e., main-
taining SR (P = 0.7).

Anti-arrhythmics and the impact on outcome

The range of anti-arrhythmic agents prescribed to patients at 
the time of repeat ablation is displayed in Table 1. In the AI 
group, there were 11 patients (65%) that underwent medical 
de-escalation of AADs post redo ablation, while in the CF 
group, there were six patients (27%) who had medical de-
escalation of AADs to maintain SR. Patients who underwent 
AI intervention had a statistically significant incidence of de-
escalation in medical therapy post redo ablation procedure at 6 
months follow-up (P = 0.02).

Discussion

Main findings

This is the first study to evaluate the impact of AI-guided inter-
vention on redo PVI procedures in peAF. We have found that 
redo PVI, using either method, has been beneficial in maintaining 
SR in a subset of the study cohorts. Medical management was 
significantly de-escalated in the AI interventional group post-pro-
cedure. No intraprocedural or post-procedure complications oc-
curred in either group. Although not reaching significance, there 
was a trend towards shorter procedure time in the AI group.

AI vs. CF outcomes

The PRAISE study has shown AI intervention to be effective 

Figure 1. Kaplan-Meier analysis of AF recurrence at 12 months between the AI and CF groups, following redo PVI procedure, 
with adjusted 3-month blanking period. Y-axis demonstrates cumulative data for each group. Once AF was detected, the patient’s 
data were censored from follow-up. Blue line represents the AI interventional group. Red line represents the CF group. AF: atrial 
fibrillation; AI: ablation index; CF: contact force; PVI: pulmonary vein isolation.

Table 2.  Summary of Follow-Up, Outcomes and Complications

Group 1: AI (n = 17) Group 2: CF (n = 22) P-value
AAD change
  Escalation, n (%) 2 (12%) 7 (32%) 0.15
  De-escalation, n (%) 11 (65%) 6 (27%) 0.02
  No change, n (%) 4 (14%) 9 (41%) 0.27
Complications
  Intraprocedural complication 0 0 -
  Post-procedure complications 0 0 -

AI: ablation index; CF: contact force; AAD: anti-arrhythmic drug.
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in the treatment of peAF, with high rates of durable lesion 
formation and sustained SR at 1 year (93%) in their study 
[2]. Although AI had not demonstrated superiority in this 
treatment group, the study does highlight that a portion of 
these patients have benefited from a redo procedure with a 
significant percentage maintaining SR at 24 months in both 
groups.

Verma et al discussed the outcomes of PVI ablation alone 
vs. PVI plus additional ablation lines, specifically atrial roof 
and mitral isthmus. They found no difference in outcome at 
24 months [14]. Szegedi et al reported that the impact of sub-
strate modification with additional ablation lines was benefi-
cial if performed by an experienced operator for the treatment 
of peAF [3]. In our study, the AI cohort had an increased in-
cidence of additional ablation line creation during their redo 
PVI procedure. However, on examining a direct comparison of 
this subgroup, there was no significant difference between the 
maintenance of SR at 1 or 2 years.

Procedure details

The procedure details between the AI and CF groups were 
comparable. Pranata et al found in their systematic review 
that the ablation time was reduced with AI [12]. This was a 
trend in our cohort, despite the fact the electrophysiologists 
performed significantly more ablation lines in the AI group 
when compared to the CF group. Prior studies have reported 
shorter ablation times using AI, with comparable procedure 
time to CF [6, 15, 16]. A greater success rate in first-past PVI 
is also thought to contribute to shorter procedure time [17]. 
The comparable ablation and procedure times in this study 
could be attributed to the additional ablation lines created in 
the AI group.

Medical de-escalation

Casella et al recently published in a 24-month follow-up of pri-
mary PVI for PAF and peAF patients, that AI intervention was 
superior to CF regardless of anti-arrhythmic post-procedure 
[18]. This was in line with our study, where changes in anti-
arrhythmic medication did not impact SR maintenance in either 
group. However, in our study, the AI group had significantly 
more patients undergoing medical de-escalation post redo abla-
tion. This could indicate that the efficacy of using AI required 
less AADs to maintain SR; however, this is not conclusive.

Procedures details of complications

There were no complications reported in either group. This 
is in keeping with prior studies that have been carried out on 
AI intervention [15, 19, 20]. A systemic review carried out by 
Paranta et al comparing AI and CF head-to-head, found the 
complication rate among both procedures to be low [12]. There 
was no significant difference in the frequency of complication 
between either group, and this is reflected in our results and the 
current literature for both AI and CF [21].

Limitations

Our retrospective cohort has a limited number of patients due to 
a strict inclusion criterion to highlight the AI in redo ablations 
for peAF patients only. The study data were collected over 2 
years and represents a heterogeneous time scale as the CF data 
were collected from procedures carried out from January 2016 
to March 2017 and the AI procedure data were collected from 

Figure 2. Kaplan-Meier analysis of AF recurrence at 24 months between the AI and CF groups, following redo PVI procedure, 
with adjusted 3-month blanking period. Blue line represents the AI interventional group. Red line represents the CF group. AF: 
atrial fibrillation; AI: ablation index; CF: contact force; PVI: pulmonary vein isolation.
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June 2017 until August 2018. The heterogeneity in the study 
time is secondary to the uniform use of AI technology from June 
2017 onwards based on the recommendations of the literatures 
and center policy to follow the new recommendations. Hence, 
AI was a replacement to FTI procedures.

The procedures were carried out by four different consult-
ants and each patient was followed up by the consultant who car-
ried out their procedure. The same consultants carried out the 
procedures in both the CF group and the AI group across both 
time periods to ensure consistent approach to each patient. The 
difference in consultant follow-up may have contributed to a con-
founding effect on medical de-escalation. However it is standard 
practice to de-escalate AADs if SR is maintained post procedure 
during follow-up. A prospective study would clarify this further. 
In addition the same consultants were involved in both the CF 
and AI procedures increasing consistency across both timelines.

Conclusion

This study demonstrated that the AI group had significant de-esca-
lation of medical therapy in comparison to the FTI group. Despite 
the AI group trending towards improved procedures time, reduced 
radiation dose yet were not significant between both groups. Both 
technologies have a similar high safety profile and efficacy.

Supplementary Material

Suppl 1. Patient selection.
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