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Abstract
Background/purpose  Atrial fibrillation (AF) recurs post-ablation in 30–40% of patients. The approach to a repeat ablation, 
beyond isolation of reconnected pulmonary veins (PVs), is not well established. We sought to prospectively assess outcomes 
and predictors of recurrence among consecutive patients who underwent repeat AF ablation with a standardized approach.
Methods  This was a single-center prospective study of consecutive patients who underwent repeat AF ablation. Our protocol 
consisted of six steps: PV re-isolation, ablation of left atrial low-voltage areas (LVAs), ablation of isoproterenol-induced 
non-PV triggers, electrophysiology study (EPS) and ablation of induced AVNRT/AVRT, ablation of induced clinical atrial 
flutters, and lastly empiric ablation as per operator discretion if no other ablation was performed.
Results  Among 725 AF ablations performed during the study period, 74 were repeat ablations. Of those undergoing repeat 
ablation, 53 (72%) had PV reconnection, 30 (41%) had LVAs, seven (10%) had non-PV triggers, five (7%) had AVNRT, and 
15 (20%) had typical atrial flutter. Following repeat ablation, arrhythmia-free survival was 65% at 1 year. The absence of 
PV reconnection was the only factor independently associated with recurrence after repeat ablation (recurrence rate 71%, 
adjusted OR 7.91, 95% CI 2.31–27.16, p = 0.001).
Conclusions  A comprehensive approach to repeat AF ablation including PV re-isolation, LVA ablation, non-PV trigger abla-
tion, EPS, and flutter ablation was associated with a 65% 1-year arrhythmia-free survival. The absence of PV reconnection 
was the only independent predictor of arrhythmia recurrence. Further research is needed to identify therapies beyond PV 
isolation for patients undergoing repeat ablation.
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Abbreviations
AF	� Atrial fibrillation
PV	� Pulmonary vein
SVC	� Superior vena cava
LVA	� Low voltage areas
LA	� Left atrium

EPS	� Electrophysiology study
CTI	� Cavo-tricuspid isthmus
APDs	� Atrial premature depolarizations
AVNRT	� AV-nodal re-entrant tachycardia
AVRT	� Atrioventricular re-entrant tachycardia
ECG	� Electrocardiogram
PVI	� Pulmonary vein isolation

1 � Background

After two decades of progress, catheter ablation has been 
established as a valuable means of reducing atrial fibrilla-
tion (AF) burden and improving quality of life [1]. However, 
30–40% of patients still experience AF within the first year 
after ablation [2]. As such, repeat ablations are common 
[3, 4] and lead to an average of 1.3 procedures per patient 

 *	 Mouhannad M. Sadek 
	 msadek@ottawaheart.ca

1	 Arrhythmia Service, Division of Cardiology, University 
of Ottawa Heart Institute, 40 Ruskin Street, H‑1285A, 
Ottawa, Ontario K1Y 4W7, Canada

2	 Department of Cardiac Sciences, College of Medicine, King 
Saud University, Riyadh, Saudi Arabia

3	 The Section of Cardiac Electrophysiology, Cardiovascular 
Division, Department of Medicine, Hospital of the University 
of Pennsylvania, Philadelphia, PA, USA

/ Published online: 3 April 2022

Journal of Interventional Cardiac Electrophysiology (2022) 65:391–399

http://crossmark.crossref.org/dialog/?doi=10.1007/s10840-022-01190-4&domain=pdf


1 3

[5]. While pulmonary vein (PV) reconnection is a frequent 
finding [6, 7], other potential causes of arrhythmia recur-
rence include non-PV triggers, pro-arrhythmic atrial scar, 
and re-entrant atrial flutters (some iatrogenic) [3]. Despite 
the frequency of recurrent arrhythmia after ablation, there 
is no consensus on the best technical approach to a repeat 
procedure beyond simply repeating PV isolation. The het-
erogeneity of approaches speaks to uncertainty in the field as 
investigators have proposed mapping and ablation of non-PV 
triggers [8, 9], isolation of the posterior wall via a box lesion 
set [10], targeting of complex fractionated electrograms [11], 
complex ablation lines [12], and superior vena cava (SVC) 
isolation [7]. The studies that critically examine a standard-
ized repeat ablation strategy beyond re-isolation of PVs are 
limited to small cohorts [10, 13–15].

Given the lack of recommendations from professional 
societies, we designed a comprehensive standard approach 
for all patients undergoing repeat ablation that comprised re-
isolation of any reconnected PVs, ablation of all low voltage 
areas (LVAs) within the left atria (LA), non-PV trigger map-
ping, a complete electrophysiology study (EPS) to rule out 
supraventricular tachycardia, cavo-tricuspid isthmus (CTI) 
ablation for induced or clinical typical atrial flutter, ablation 
lines for inducible clinical atypical atrial flutter, and addi-
tional lesions at the operator’s discretion in the absence of 
ablation at the prior steps. In this report, we prospectively 
assess outcomes and predictors of recurrence after imple-
menting this approach.

2 � Methods

This was a single-center prospective observational study. 
We included consecutive patients who underwent repeat AF 
ablation at the University of Ottawa Heart Institute. Patients 
with persistent and paroxysmal AF were included; patients 
who had more than one prior AF ablation were included 
once in the study cohort.

2.1 � Ablation procedure

All repeat ablations were completed using a 3D electro-
anatomical mapping system (CARTO, Biosense Webster, 
Diamond Bar CA). High-density LA and PV voltage maps 
were created in sinus rhythm (or atrial pacing at cycle 
length ≥ 600 ms) using a 1-mm spacing multipolar catheter 
(Pentaray, Biosense Webster, Diamond Bar, CA; 2–6-2 mm 
inter-electrode spacing). In patients presenting with AF, 
electrical cardioversion to restore sinus rhythm was per-
formed. A minimum of 750 LA points was acquired during 
this step. Bipolar voltage was acquired from septum, roof, 
anterior, posterior, and inferior LA with voltage settings as 
follows: < 0.25 mV for dense LVA and > 0.5 mV for normal 

atrial myocardium. Atrial LVA was collected using a stand-
ardized data collection software (Confidense®). The follow-
ing settings were used for voltage data collection: (a) tissue 
proximity indicator enabled (TPI = ON) to ensure adequate 
catheter contact; (b) cycle length stability (baseline cycle 
length ± 5%) and catheter stability 2 mm; and (c) maximal 
point density 1 mm.

Contact force technology catheters were used for ablation 
(Thermocool SmartTouch, Biosense Webster) with a target 
contact force ≥ 8 g. Continuous monitoring of the surface 
electrocardiogram and intracardiac bipolar electrograms 
was done with a Pruka recording system (CardioLab Elec-
trophysiology Recording System, GE Healthcare Systems, 
Chicago, IL). Endocardial bipolar electrograms were evalu-
ated at 100 mm/s sweep speed and filtered at 30 to 500 Hz. 
All radiofrequency lesions were delivered point by point in 
power control mode using a SmartAblate generator (Biosense 
Webster). Linear lesions were evaluated with differential pac-
ing to demonstrate bidirectional block across ablation lines 
and adenosine was administered at operator discretion. When 
cluster lesions were delivered, loss of local electrograms and 
loss of local capture were used as an ablation endpoint.

2.2 � Ablation protocol

All patients underwent a standard repeat ablation protocol 
(Fig. 1).

The subsequent ablation steps were as follows:

1.	 Re-isolation of all reconnected PVs: Entrance and exit 
block was confirmed with pacing and use of adenosine 
to assess for dormant conduction (dose 12–18 mg target-
ing at least one blocked atrial beat).

2.	 Ablation of all LA LVAs: This was defined as bipolar 
voltage of ≤ 0.5 mV on endocardial mapping. Areas of 
LVA ≤ 4 cm2 were treated with cluster ablation; areas 
larger than 4 cm2 were isolated by either encircling the 
scar or linear ablation to achieve exit and entrance block 
[16].

3.	 Non-PV trigger mapping: Patients underwent targeting 
of non-PV triggers of AF that could be provoked by car-
dioversion of spontaneous AF, infusion of isoproterenol 
in incremental doses (3, 6, 12, and 20 μg/min), and/or 
burst pacing to provoke AF followed by cardioversion 
with low-dose isoproterenol infusion (2–8 μg/min). A 
non-PV trigger was defined as a source of repetitive and 
reproducible atrial premature depolarizations (APDs) 
that triggered AF [17, 18]. Trigger localization criteria 
have been previously described [19]. Trigger protocol 
was repeated after ablation to confirm trigger elimina-
tion.

4.	 Electrophysiology study: Single extrastimulus pacing 
from a right-atrial catheter (or coronary sinus catheter) 
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and the RV apex at two drive trains (600 ms/400 ms) 
down to refractoriness. All patients with inducible AV-
nodal re-entrant tachycardia (AVNRT) or atrioventricu-
lar re-entrant tachycardia (AVRT) underwent slow path-
way or accessory pathway ablation, respectively.

5.	 Atrial flutter ablation: CTI ablation was performed if 
CTI-dependent atrial flutter was clinical or inducible. 
Non-CTI-dependent atrial flutters were ablated only if 
present clinically and inducible during EPS.

6.	 Additional ablation at physician discretion: Only in 
patients with no ablation targets in steps 1–5 (i.e., no 

evidence of PV reconnection, LVAs, non-PV triggers 
or inducible SVT, or CTI-dependent/clinical flutter), 
additional ablation was permitted at the operators’ dis-
cretion. This included empiric linear ablation (such as 
posterior wall isolation) and any additional right atrial 
ablation.

2.3 � Study endpoints

The primary endpoint was freedom from atrial arrhyth-
mia ≥ 30 s in duration at 1 year, excluding a 3-month blank-
ing period immediately post procedure.

2.4 � Follow‑up

Patients were routinely followed at three, six, and 12 months 
post-ablation and at any time if symptomatic with 14-day 
ambulatory electrocardiogram (ECG) monitoring and outpa-
tient clinical assessments. A 12-lead ECG was performed at 
each clinical assessment. Antiarrhythmic medications were 
typically stopped at three months post-ablation; however, 
this was left to physician discretion.

2.5 � Statistical analysis

Continuous variables are reported as mean ± standard devia-
tion; categorical variables are reported as number (percent-
age). Predictors of arrhythmia recurrence post-ablation were 
identified via multivariable logistic regression with covariate 
inclusion based on univariate analyses using a criterion of 
p < 0.10. Post hoc analyses including hypertension or using 
a more liberal criterion of p < 0.20 for covariate inclusion 
were also undertaken. All analyses were performed using 
SAS 9.4 (SAS Institute Inc., Cary, NC) using a two-tailed α 
level of 0.05 to define statistical significance.

2.6 � Ethics

The study was approved by the Ottawa Health Science Net-
work Research Ethics Board (OHSN-REB).

3 � Results

3.1 � Patients

Between February 2017 and January 2020, 725 AF ablations 
were performed at our center. Of these, 74 were repeat AF 
ablation procedures (of which 69/74 had the initial proce-
dure performed at our center), with 11 (14.9%) presenting 
with atypical flutter and the rest with AF. The average age of 
the cohort was 63 ± 9 years old and comprised 18% females 
(Table 1). Fifty-one percent of patients had paroxysmal AF 

Step 1
Re-isolate pulmonary veins

Step 2
Iden�fy and ablate LA LVAs (≤0.5mV)

Step 3
Iden�fy and ablate non-PV triggers

Step 4
EPS to iden�fy and ablate AVNRT/AVRT

Step 6
Empiric abla�on at physician discre�on

Step 5
CTI or linear abla�on (if evidence of flu�er)

Fig. 1   Standardized repeat atrial fibrillation ablation protocol. The 
protocol was carried out in full for all patients in the study cohort. 
LA = left atrium, LVAs = low voltage areas, PV = pulmonary vein, 
EPS = electrophysiology study, AVNRT = AV-nodal re-entrant tachy-
cardia, AVRT = atrio-ventricular re-entrant tachycardia, CTI = cavo-
tricuspid isthmus 
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as their diagnosis at the time of initial ablation. All patients 
received PVI at the time of their initial ablation using radi-
ofrequency energy, with 13 (18%) receiving concomitant 
CTI ablation and additional ablation (at the discretion of the 
operator) as follows:

•	 Patients with persistent AF at initial ablation (n = 36): 
three had scar modification, three had linear ablation 
(two roof lines and one mitral annular line), and two had 
complex atrial fractionated electrogram-targeted abla-
tion.

•	 Patients with paroxysmal AF (n = 38): three had linear 
ablation (three roof lines), and one had complex fraction-
ated atrial electrogram-based ablation.

3.2 � Repeat procedure details

Results of the repeat ablation procedure are shown in 
Table 2. The mean number of LA voltage points collected 
was 1475.8 ± 798, range 495–3629.

1.	 PV reconnection was found in 53 (72%) patients. Of 
these, 24 (32%) had right-sided PV reconnection, and 12 
(16%) had left-sided reconnection, while 17 (23%) had 
all PVs reconnected. PV reconnection tended to be more 
frequent in patients that presented with paroxysmal AF 
as compared to persistent AF (82% vs 61%, p = 0.051).

2.	 LVAs were found and ablated in 30 (41%) patients. As 
shown in Fig. 2, 16 (22%) patients had anterior LVAs, 
and 19 (26%) patients had posterior LVAs. Septal and 
roof LVAs were less common, found in three (4%) and 
five (7%) patients, respectively. Eleven (15%) had LVA in 

multiple areas. The ablation strategy was customized to the 
areas involved, as per protocol [16], with a cluster of lesions 
used in 20 (67%) patients, encircling lesions in three (10%) 
patients, and linear ablation in 14 (47%) patients.

3.	 Non-PV triggers were identified and ablated in seven 
(10%) patients (Fig. 2). Six were found in the LA; two 
on the posterior wall; one on the roof, anterior wall, and 
septum; and the last was on the inferior wall, near the 
coronary sinus. One trigger was found at the Eustachian 
ridge in the right atrium. All were successfully ablated 
with no recurrence on re-attempts at induction.

4.	 EPS revealed inducible AVNRT in five (7%) patients, 
and all five underwent slow pathway ablation. None of 
the patients had an accessory pathway.

5.	 CTI-dependent atrial flutter was clinical or induced in 
15 (20%) patients who underwent CTI ablation. Clini-
cal atypical flutter was inducible and ablated in eight 
patients (five mitral annular flutters and three roof flut-
ters); 2/8 patients had presented in atypical flutter that 
was terminated with ablation. Seven patients had brief 
flutter that either spontaneously terminated or degener-
ated into AF. None had re-inducible flutter post ablation.

6.	 Additional ablation: eight (11%) patients received addi-
tional ablation. Of these, one was in the right atrium for 

Table 1   Demographic and clinical characteristics (n = 74)

Baseline characteristics of the study cohort, measured at time of 
repeat ablation. AF atrial fibrillation, PVI pulmonary vein isolation, 
LA left atrium

Age, years 62.4 ± 9.2

Gender: female 13 (18%)
AF type (initial ablation)

  Paroxysmal 38 (51%)
  Persistent 36 (49%)

Time between prior and repeat ablation, days 923 ± 831
More than one prior LA ablation 14 (19%)
Additional (non-PVI) LA ablation at prior procedure 14 (19%)
CTI ablation at prior procedure 13 (18%)
Diabetes 4 (5%)
Hypertension 30 (41%)
Coronary artery disease 8 (11%)
Obstructive sleep apnea 11 (15%)

Table 2   Procedural observations and ablation

Left atrial low voltage areas were defined as bipolar voltage ≤ 0.5 mV. 
AVNRT AV-nodal re-entrant tachycardia, AVRT atrio-ventricular re-
entrant tachycardia, CTI cavo-tricuspid isthmus

Pulmonary vein reconnection 53/74 (72%)
  Right pulmonary vein reconnection 24/53
  Left pulmonary vein reconnection 12/53
  Bilateral pulmonary vein reconnection 17/53

Left-atrial low voltage areas 30/74 (41%)
  Anterior wall 16/30
  Posterior wall 19/30
  Septum 3/30
  Roof 5/30

Non-pulmonary vein triggers 7/74 (10%)
  Anterior wall 1/7
  Posterior wall 2/7
  Septum 1/7
  Roof 1/7
  Right atrium 1/7

Electrophysiology study
  AVNRT 5/74 (7%)
  AVRT 0

Atrial flutter ablation 23/74 (31%)
  CTI ablation 15/23
  Mitral annular flutter 5/23
  Roof-dependent flutter 3/23

Additional ablation 8/74 (11%)

394 Journal of Interventional Cardiac Electrophysiology (2022) 65:391–399



1 3

area of LVA. Seven had empiric LA linear ablation (five 
had posterior wall isolation; two had roof lines).

3.3 � Patient outcomes and predictors of arrhythmia 
recurrence

One year after repeat ablation, 65% (48/74) of patients were 
free from atrial arrhythmia. Of the 26 patients with recur-
rence, 2 had atypical flutter or atrial tachycardia. Multivari-
able analysis identified isolated PVs at the repeat study as 

associated with arrhythmia recurrence (OR 7.91, 95% CI 
2.31–27.16, p = 0.001; Table 3). This finding persisted in 
more inclusive multivariable models that included hyper-
tension (OR 8.0, 95% CI 2.2–29.8, p = 0.001) and after 
adjusting for age and gender (OR 6.84, 95% CI 1.93–24.22, 
p = 0.003). The number of PVs found to be reconnected at 
the repeat study correlated with AF recurrence, as arrhyth-
mia-free survival was 75% (27/36) in patients with one 
set of PVs reconnected, and increased to 88% (15/17) in 
patients with all PVs reconnected (Fig. 3). The average time 

Fig. 2   Graphical representa-
tion of approximate location of 
low voltage areas (*), defined 
as bipolar voltage ≤ 0.5 mV, 
and non-pulmonary vein 
triggers (X). SVC = superior 
vena cava, IVC = inferior 
vena cava, ER = Eustachian 
ridge, CS Os = coronary sinus 
ostium, CS = coronary sinus, 
RSPV = right superior pulmo-
nary vein, RIPV = right inferior 
pulmonary vein, LSPV = left 
superior pulmonary vein, 
LIPV = left inferior pulmonary 
vein, LAA = left atrial append-
age 
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to recurrence in those with isolated PVs at repeat ablation 
was 215 ± 156 days vs 340 ± 235 days in those with at least 
one reconnected PV; this difference was not significant 
(p = 0.064).

Among the 48 patients who did not have recurrence at 
one year, seven were still on antiarrhythmic drugs. Two of 
these patients had symptomatic palpitations but no docu-
mented arrhythmia (one remained on propafenone and one 
on flecainide); the remaining five stayed on amiodarone 
due to patient preference.

Table 4 shows difference in characteristics between 
those who had PV reconnection and those who did not; 

those with absence of reconnection had more LVA (67% vs 
30%, p = 0.004) and hypertension (67% vs 30%, p = 0.004).

We did not find any differences between patients with 
paroxysmal versus persistent AF.

3.4 � Outcomes in patients with durable PVI at repeat 
procedure

Among the 21 patients with no PV reconnection at the 
repeat EP study, six patients (29%) had no recurrence, and 
15 (71%) had recurrence. Among the patients with no recur-
rence, three had LVAs that were ablated (two with cluster 

Table 3   Clinical and procedural predictors of arrhythmia recurrence at 1-year post-repeat ablation

Left atrial low voltage areas were defined as bipolar voltage ≤ 0.5 mV. *Variables included in multivariable regression model. OR odds ratio, AF 
atrial fibrillation, PV pulmonary vein, AVNRT AV-nodal re-entrant tachycardia, CTI cavo-tricuspid isthmus

No recurrence 
(n = 48)

Recurrence (n = 26) Unadjusted OR (95% CI) p Adjusted OR
(95% CI)

p

Age 61.3 ± 8.9 64.8 ± 9.4 0.96 (0.91–1.01) 0.125
Female sex 6 (13%) 7 (27%) 0.39 (0.12–1.31) 0.127
Hypertension 17 (35%) 13 (50%) 1.82 (0.69–4.81) 0.225
Persistent AF 23 (48%) 13 (50%) 1.09 (0.42–2.82) 0.864
Isolated PVs 6 (13%) 15 (58%) 9.55 (3.00–30.34)  < 0.001* 7.91 (2.31–27.16) 0.001
Low voltage areas 16 (33%) 14 (54%) 2.33 (0.89–6.20) 0.089* 1.41 (0.43–4.57) 0.569
Non-PV triggers 3 (6%) 4 (15%) 2.73 (0.56–13.25) 0.214
Inducible AVNRT 1 (2%) 4 (15%) 8.5 (0.90–81.0) 0.062* 6.97 (0.57–84.68) 0.128
CTI ablation 8 (17%) 7 (27%) 1.84 (0.58–5.83) 0.299

Fig. 3   Arrhythmia-free survival 
at one year after repeat ablation. 
* Compared to zero sets. † 
Compared to one set
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ablation and one with posterior wall isolation), two had CTI 
ablation for inducible atrial flutter, and one had empiric pos-
terior wall isolation. LA arrhythmia was not inducible with 
isoproterenol or rapid atrial pacing in these six patients, and 
none had evidence of non-PV triggers or inducible SVT.

In comparison, among the 15 patients who had recur-
rence, two (13%) had non-PV triggers, three (20%) had 
inducible AVNRT, and six (40%) had inducible LA arrhyth-
mia (two with isoproterenol, four with atrial pacing). The 
difference in rate of inducible LA arrhythmia (40% vs 0%) 
was not statistically significant (p = 0.067).

4 � Discussion

In this prospective single-center study of 74 patients under-
going repeat AF ablation using a standardized comprehen-
sive protocol, we found a subsequent 1-year arrhythmia-free 
survival rate of 65%. Twenty-eight percent of patients had 
durable PV isolation, which was a strong predictor of sub-
sequent arrhythmia recurrence (adjusted OR 7.9, 95% CI 
2.3–27.2).

We found that arrhythmia-free survival in those with 
reconnected PVs was high (42/53 = 79.2%), especially 
in those with all PVs reconnected (88% at 1 year). This 
confirms that at time of repeat ablation, PV reconnection 
remains the most significant treatable cause of recurrence 
[20, 21]. We found a pattern of more right-sided PV recon-
nections, as has been previously described [22, 23].

The PV reconnection rate was 72% among patients under-
going repeat AF ablation. In the past, rates as high as 95% have 
been reported with more recent studies reporting rates around 

70% [24, 25], likely representing advancement of catheter tech-
nology and techniques. The question of what to do beyond PV 
re-isolation, however, is still unclear. Despite systematically 
ablating non-PV targets such as LVAs, non-PV triggers, and 
SVT, those without PV reconnection still had a high recurrence 
rate (71%) in our study. As rates of PV reconnection decrease, 
more attention will have to be directed towards understanding 
the mechanism of AF recurrence in patients with isolated PVs.

Patients without PV reconnection were more likely to have 
hypertension and LVAs. It is possible that in these patients, 
progressive atrial myopathy had a larger role in arrhythmia 
recurrence, and routinely targeting the LVAs with ablation 
was not sufficient to prevent recurrence of atrial arrhythmia. 
We also found that those without PV reconnection and induc-
ible atrial arrhythmia at time of repeat ablation had numeri-
cally higher recurrence; an observation seen previously [9]. 
Lastly, we found that patients without PV reconnection had 
a numerically lower time to recurrence after redo ablation. 
Further ablation beyond PV isolation may not be effective in 
reducing recurrences without concurrently preventing and 
treating atrial myopathy. Possible treatment approaches have 
been evaluated. A prior randomized control trial of aggres-
sive blood pressure control with medications before ablation 
in an effort to treat myopathy did not reduce recurrence [26]. 
A randomized trial of renal denervation with PV isolation, 
however, did reduce recurrence [27]. Non-randomized stud-
ies have shown benefit with treatment of obstructive sleep 
apnea and weight loss as well [28, 29].

With the use of high-density voltage mapping, 41% of 
patients had evidence of LVAs. We did not find the presence 
of LVA to be a predictor of recurrence. This is in contrast 
to prior studies investigating recurrence after first ablation 

Table 4   Findings in patients 
with versus without PV 
reconnection

Left atrial low voltage areas were defined as bipolar voltage ≤ 0.5 mV. Patients with no reconnected PVs 
had more low voltage areas and more hypertension. PV pulmonary vein, AF atrial fibrillation, AVNRT AV-
nodal re-entrant tachycardia

No PV reconnec-
tion (n = 21)

PV reconnection (n = 53) p

Age 65.4 ± 10.5 61.4 ± 8.4 0.09
Female sex 5 (24%) 8 (15%) 0.37
Paroxysmal AF 7 (33%) 31 (59%) 0.051
Persistent AF 14 (67%) 22 (41%) 0.051
Days since last ablation 912.2 ± 582.2 927.5 ± 915.5 0.93
Low voltage areas 14 (67%) 16 (30%) 0.004
Non-PV triggers 2 (10%) 5 (9%) 0.99
AVNRT 3 (14%) 2 (4%) 0.10
Diabetes mellitus 0 4 (8%) 0.20
Hypertension 14 (67%) 16 (30%) 0.004
Coronary artery disease 2 (10%) 6 (11%) 0.82
Obstructive sleep apnea 16 (76%) 47 (89%) 0.17
Time to recurrence after redo ablation (days) 215 ± 156 340 ± 235 0.06
Non-PVI ablation at prior procedure 5 (24%) 11 (21%) 0.77
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[30, 31]. Although routine LVA-targeted ablation has not 
been adopted into widespread practice, a non-randomized 
cohort study found recurrence was decreased with a LVA-
modification strategy [32], and subsequent recurrence rates 
were similar to patients without LVA. Thus, it is possible 
that in our protocol, the routine targeting of LVA reduced the 
impact of the LVA on recurrence. However, without a com-
parator group, it is difficult to conclusively determine this.

We found that seven (10%) patients had inducible non-PV 
triggers. Among the six patients with left atrial triggers, the 
most common location was the posterior wall (50%). We did 
not find that non-PV trigger ablation was associated with 
reduced recurrence; this may have been due to a relatively 
low number of patients with triggers. The prevalence of non-
PV triggers at repeat ablation has been described previously 
[6, 24], with one study of patients undergoing repeat ablation 
finding a 29% rate of ablatable non-PV triggers; the rate of 
recurrence was twice that of those without ablatable triggers 
[9]. Studies have also described multiple non-PV triggers, as 
well as new triggers at subsequent repeat ablations [6, 24], 
suggesting that triggers may be the result of underlying atrial 
myopathy or probabilistic during induction.

Our overall recurrence rate of 35% after repeat ablation 
was higher than previously reports, including one study with 
a recurrent rate of 21% at 12 months4 and one with a 36% 
rate at a mean of 17 months [14]. This is possibly explained 
by our intensive follow-up monitoring strategy with 2-week 
Holter monitors at three, six, and 12 months, compared to 
24-hour Holter monitors in the first study and symptomatic 
transtelephonic ECGs in the second.

4.1 � Limitations

Limitations of our study include the single center and 
observational nature of the cohort study. Without a com-
parator group, it is difficult to make definitive conclusions 
from our observations. In particular, we do not have data 
on patients who had recurrent AF after initial ablation but 
did not undergo repeat ablation; this could lead to selection 
bias. Additionally, we do not have data on non-arrhythmic 
outcomes such as number of cardioversions or hospitaliza-
tions. Given the relatively intense monitoring, recurrence 
may overestimate the clinical impact on patients. The small 
number of patients who had absence of reconnected PVs 
at repeat ablation did not allow us to statistically examine 
predictors of recurrence in this population.

5 � Conclusions

We describe a comprehensive approach to repeat AF abla-
tion using a standardized protocol that includes isolation of 
reconnected PVs, targeting all LVAs and ablating all non-PV 

triggers, as well as ablation of inducible SVTs, CTI-depend-
ent atrial flutter, and clinical non-CTI dependent flutters. 
Reconnected PVs at repeat procedure was a strong predic-
tor of arrhythmia-free survival with high recurrence rates 
among patients without evidence of PV reconnection. Our 
findings demonstrate that PV re-isolation remains the most 
important treatable cause of atrial arrhythmia recurrence 
after AF ablation; however, further research is needed to 
investigate therapies beyond PV re-isolation.
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