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ABSTRACT

Background: Atrial tachyarrhythmias (ATa) during the blanking period (BP) may predict 
late recurrences of arrhythmia. This study evaluates the outcomes of redo procedures 
during BP in patients with early recurrence after catheter ablation (CA) for atrial fibril-
lation (AF).

Methods: This retrospective study included patients undergoing redo procedures within 
3 months of their initial CA due to severely symptomatic ATa episodes. Baseline data, 
medications, and procedural details of initial and redo CAs were analyzed from medical 
records.

Results: Among 64 patients, 37 underwent cryoballoon (CB) and 27 underwent radiofre-
quency (RF) ablation. In the CB group, additional low-voltage areas beyond pulmonary 
veins, cavo tricuspid isthmus (CTI)-dependent flutter (27%), and left atrial reentrant 
tachycardia (30%) were common. Pulmonary vein reconnection was observed in 43%. In 
the RF group, left atrial macro/micro reentrant tachycardia (63%), CTI-dependent flutter 
(22%), and pulmonary vein reconnection (33%) were common causes of symptomatic ATas. 
After 12 months, 85.9% of patients (n = 55) were free from ATa following redo procedures.

Conclusion: Symptomatic ATas during BP often stem from substrates unrelated to the ini-
tial ablation, particularly in CB and pulmonary vein isolation-only RF groups. These find-
ings suggest the need to reevaluate BP definitions, as select patients may benefit from 
early redo procedures to enhance long-term outcomes.

Keywords: Ablation treatment, atrial fibrillation, atrial tachycardia, blanking period, 
pulmonary vein isolation

INTRODUCTION

Numerous clinical trials have demonstrated the efficacy of catheter ablation (CA) 
as a therapeutic approach for both paroxysmal atrial fibrillation (PAF) and persis-
tent atrial fibrillation (PeAF).1,2 However, the definition of recurrence following CA 
of atrial fibrillation (AF) is debated. During the first 3 months after the CA of AF, 
defined as the BP, any atrial tachyarrhythmia (ATa) occurrence is defined as early 
recurrence.3 However, ATa episodes during the BP are generally excluded from the 
evaluation of recurrence when assessing freedom from ATa after CA.

Most clinical trials about CA for AF determine the recurrence as any ATa episodes 
occurring post the BP.4 Still, previous studies indicate that ATa episodes during BP 
may predict late recurrences.5,6 Furthermore, there are no specific recommenda-
tions for managing ATa during the BP.

In this study, we aimed to present findings of redo procedures performed during 
the BP in patients with early recurrence after CA of AF.

METHODS

Study Population
In this retrospective analysis of 1482 patients who underwent CA for AF in the 
Hacettepe University Department of Cardiology Electrophysiology Unit between 
January 2017 and September 2023, 122 patients had documented ATa during the 
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BP. Among these patients, 57 were referred for electrophysi-
ological study (EPS) and/or redo CA due to severe symptoms 
[European Heart Rhythm Association (EHRA) 3-4] related 
to ATa episodes. Additionally, 7 patients who had their index 
procedure at another center were admitted to our center 
with ATa and referred for EPS and/or redo CA. In total, 64 
patients were enrolled in the study (Figure 1).

In all patients, baseline characteristics, medications, and 
procedural details of the index and redo CAs were recorded 
from either patients’ files or the hospital’s electronic 
database.

The study was approved by Hacettepe University Non-
interventional Clinical Research Ethic Committee (Date: 
21/03/2023, No: 2023/05-18).

Artificial intelligence tools, including ChatGPT and 
Grammarly, were used to identify and correct language and 
grammatical errors.

Index Ablation Procedure
All patients underwent CA for AF with either cryoballoon 
(CB) or radiofrequency (RF) ablation. Among the 64 patients, 
57 had index procedures in our hospital, and 7 were referred 
from another clinic for a redo procedure. In all patients who 
had index procedures in other centers, pulmonary vein isola-
tion (PVI) using CB was the ablation technique.

In patients who had index procedures at our hospital, all pro-
cedures were started in sinus rhythm, and an initial EPS was 
performed. In the initial EPS, intravenous isoproterenol was 
routinely infused (0.5-4 μg/min to increase the heart rate by 
25%) in patients without inducible tachycardia before refer-
ring to CA of AF.

In the CB procedure, only PVI or eLAAi (empirical left atrial 
appendage isolation) in addition to PVI were performed. All 
procedures were conducted using second- or fourth-gen-
eration 28-mm CB catheters (Arctic Front AdvanceTM and 
Arctic Front AdvanceTM ST, Medtronic, Minneapolis, Minn, 
USA). Procedural details of CB-based PVI and PVI plus eLAAi 
are elaborated in our previous study.7

All RF procedures were performed using 3-dimensional 
(3D) electroanatomical mapping systems (Carto™, Biosense 

Webster, and EnsiteX™, Abbott). High-density mapping cath-
eters (Pentaray™, Biosense Webster, and The Advisor™ HD 
Grid, Abbott) were employed under sinus rhythm to pinpoint 
the substrate in the left atrium. PVI was performed using 
contact force irrigated RF ablation catheters (Thermocool 
Smarttouch™, Biosense Webster, and TactiCath™, Abbott) 
in all patients as the cornerstone of the CA. PVI was per-
formed using the CLOSE protocol8 when the Carto™ system 
was used, and the LSI workflow9 (LSI ≥5.0) when EnsiteX™ 
was used. If any low voltage areas or late potentials were 
detected in substrate mapping (SM) or any AT induced fol-
lowing PVI, supplementary ablation was performed by linear 
or focal ablation sets. Procedural details of RF-based CA for 
AF are delineated in our previous study.10

Follow-Up Protocol
For patients experiencing symptomatic ATas, including any 
AF or AT episodes lasting longer than 30 seconds or appear-
ing on surface ECG, during the first 3 months, 12-lead ECG 
recordings were performed and the EHRA symptom clas-
sification was used to evaluate symptoms. If ATas were not 
documented with 12 lead ECG and patients had EHRA 3-4 
symptoms, 24-hour rhythm monitoring was scheduled to 
investigate symptomatic arrhythmias.

Following the redo procedure, patients were evaluated at 
1, 3, 6, and 12 months using 12 lead ECG and 24-hour Holter 
monitoring to assess ATas and recurrence. Recurrences were 
defined as the presence of ATas on the 12 lead ECG or an epi-
sode of ATas lasting at least 30 seconds on the Holter monitor.

Patient Selection for Referral Redo Ablation Procedure
The patients with AT in surface ECG were referred to EPS 
and had the procedure regardless of the severity of their 
symptoms.

Patients with documented AF who were asymptomatic or 
mildly symptomatic (EHRA 2) were not referred for interven-
tional procedures until the end of the BP unless there was 
tachycardia-induced cardiomyopathy. If they were in AF, 
cardioversion was performed, and the antiarrhythmic drug 
was switched to amiodarone if they were using propafe-
none, flecainide, or sotalol. If the patients were severely 
symptomatic (EHRA 3-4) and had documented ATas, they 
were referred to EPS and SM.

Symptomatic patients (regardless of severity) and patients 
with recurrent ATas who remained symptomatic despite car-
dioversion and medication changes were referred to EPS and 
SM, if necessary.

Redo Ablation Procedure
All patients were referred to the redo procedure in sinus 
rhythm or AT. If they were in AF on admission, they were 
cardioverted before the redo procedure. In patients with 
sinus rhythm, an initial EPS was performed to exclude supra-
ventricular tachycardia (SVT). If atrioventricular nodal 
reentrant tachycardia (AVNRT) or a concealed accessory 
pathway was diagnosed in EPS, the aim was to ablate the 
slow or accessory pathway. The induction protocol with or 
without isoproterenol was the same as the initial procedure. 
If SVT was not found, but AT was induced, we continued the 

HIGHLIGHTS
• A significant proportion of patients experiencing early 

recurrence after CA for AF exhibit issues such as pulmo-
nary vein reconnection or atrial tachycardia related to 
left atrial scarring.

• The diversity in findings may be attributed to variations 
in the methodologies of the initial ablation procedures.

• The prognosis of AF is unlikely to be altered by merely 
waiting out the BP, given the underlying electrophysi-
ological abnormalities.

• An algorithm tailored for patients who exhibit early 
recurrence during the BP is essential for enhancing long-
term outcomes.
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procedure under general anesthesia and guidance of 3D 
electro-anatomical mapping (CARTO 3, Biosense Webster 
or Ensite Precision/Ensite X, Abbott) using high-density 
multipolar catheters (Pentaray, Biosense Webster, and 
HD-Grid, Abbott). Contact force irrigated RF ablation cath-
eters (Thermocool Smarttouch™, Biosense Webster, and 
TactiCath™, Abbott) were used when 3D electro-anatomical 
mapping systems were utilized.

In the redo procedure, the right atrium was initially mapped 
for activation if there was right-sided AT, according to the 
surface ECG and entrainment maneuvers. If the activation 
map indicated cavo tricuspid isthmus (CTI)-dependent AT, 
a CTI line was created. Following the creation of a CTI line 
or in patients with left-sided AT, the transseptal puncture 
was performed using the modified Brockenbrough tech-
nique under fluoroscopic guidance. Unfractionated heparin 
boluses were administered to maintain the activated clot-
ting time (ACT) of 300-350 seconds after LA access was 
obtained. After the puncture, a steerable sheath was placed 
in the left atrium. Subsequently, the LA was mapped for scar, 
pulmonary vein (PV) reconnection, and also for activation. 
In the activation map, micro reentry is defined as ATs with a 
cycle length coverage greater than 85% within a 3 cm diam-
eter circuit that activates the rest of the atrial chamber cen-
trifugally.11 Linear ablation lines were drawn with RF energy 
according to the activation of AT. Radiofrequency ablation 
was conducted utilizing an irrigated tip contact force abla-
tion catheter, which had an energy setting between 25W 
and 40W, a contact force ranging between 10 gr and 20 gr, 
a temperature ceiling of 42°C℃ , and a duration of between 
30 seconds and 60 seconds. The earliest activation was tar-
geted for focal ATs, while the critical isthmus was ablated 

in localized reentry. In the cases where activation map-
ping revealed macro reentry, linear lesion sets were created 
between anatomical obstacles and electrically isolated 
regions. Following the ablation sets, the bidirectional block 
was checked across each line. After termination of AT, PVs 
were isolated if PV reconnection was observed, and other 
sustained ATs were controlled with electrical stimulation.

If the initial rhythm was sinus, and no AT was induced, the 
left atrium was mapped for PV reconnection, scar, and 
substrate after 2 transseptal punctures. If PV reconnec-
tion was observed, PVI was performed using RF energy. If 
the PVs were isolated, the focus shifted to the scar and left 
atrial substrate. Additional atrial electrical stimulation was 
performed while intravenous isoproterenol was infused to 
induce sustained AT. If there was no sustained AT, substrate 
modification was performed.

Left atrial substrate evaluation was made with late poten-
tial mapping. Functional SM using late potential mapping 
was described in our previous study 10. In summary, isochro-
nal late activation mapping (ILAM) was established during 
either sinus or paced rhythm by annotating the offset of the 
latest atrial deflections. The time window for examining 
atrial activation was determined to be between the onset 
of the earliest and offset of the latest local EGMs recorded 
by a high-density mapping catheter in the left atrium. 
Subsequently, the entire activation process was divided into 
8 evenly distributed time intervals, known as isochrones. 
Regions displaying isochronal crowding, defined as decel-
eration zone (DZ), were identified as areas where more than 
3 colors representing isochronal lines were observed within a 
1 cm radius. Additionally, fragmented electrical signals were 
evaluated in the left atrium and marked in distinct colors. 

Figure 1. Flowchart of study. AADs, antiarrhythmic drugs; AF, atrial fibrillation; ATa, atrial tachyarrhythmia; BP, blanking period; 
CA, catheter ablation; CB, cryoballoon; EPS, electrophysiological study; LAAi, left atrial appendage isolation; PVI, pulmonary 
vein isolation; RF, radiofrequency. 
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"Fragmented EGM" was defined as having at least 4 distinct 
fluctuations in the atrial bipolar electrogram from the iso-
electric baseline.12 Simultaneously, SM was carried out with 
the following voltage criteria: scar, ≤0.2 mV; border zone, 
0.2-0.5 mV; normal, >0.5 mV.13 If extensive scarring (low volt-
age area presence of more than 1 left atrial wall including 
anterior, posterior, roof, and septum) was present, substrate 
ablation was done using low voltage zones with DZs and 
fragmented EGMs as box or linear lesions.

In the case of an electrically healthy atrium with isolated 
PVs, an intravenous bolus of isoproterenol (3-5 μg) was used 
to trigger AF. If a non-PV trigger (ectopic beats initiating 
ATa) was identified, it was trapped using RF. Focal AT within 
the SVC is defined as active SVC; in these patients, the SVC 
was isolated.

Statistical Analyses
The statistical analysis was conducted using Stata (ver-
sion 18.5; StataCorp LLC, College Station, Tex, USA). The 
normality of variable distributions was assessed using the 
Shapiro-Wilk test. Quantitative variables with a Gaussian 
distribution were reported as mean and SD, while variables 
with a non-Gaussian distribution were reported as median 
(minimum and maximum). Categorical data were presented 
as numbers and percentages. Follow-up data were analyzed 
and visualized using Kaplan-Meier survival curves.

RESULTS

Basal Characteristics
A total of 64 patients were enrolled in the study, 35 (54.7%) 
were female. The mean age of the study population was 60 
± 13. 43 patients (67.2%) had a diagnosis of PAF before under-
going the index procedure. The mean LA diameter was 40 
± 5 mm, and the median AF duration was 8 months (1-120 
months). The median CHA2DS2-VASc score for the group was 
calculated to be 2 (0-6). Detailed demographic characteris-
tics are shown in Table 1.

Index Procedure
During the index procedure, 37 (57.8%) patients underwent 
CB for PVI, whereas 27 (42.2%) patients did not. The index 
ablation was performed at our center in 57 (89.1%) patients. 
In addition to the PVI, 5 patients underwent LAA isolation in 
the CB ablation group.

Among the 27 patients subjected to CA using RF, additional 
ablation lines or substrate modification were executed as 
an adjunct to PVI in 13. LA macro reentrant tachyarrhyth-
mias were induced with atrial stimulation following PVI in 7 
of these patients. For these patients, linear ablations were 
created with the anterior line in 3 for perimitral AT and 
the roof line in 4 for roof-dependent AT, in addition to PVI. 
Additionally, LA SM in 7 patients revealed late potentials and 
continuous fragmented electrograms; the posterior box was 
drawn in 2 individuals, and the LA substrate was modified in 
5. Cavo tricuspid isthmus-dependent typical atrial flutter 
was identified in 1 patient, and a CTI line was created. Left 
atrial appendage was found to be active in another patient, 
and LAA was isolated.

The study population was divided into 4 distinct groups: only 
PVI with CB (Group 1), PVI and empirical LAA isolation with 
CB (Group 2), only PVI with RF (Group 3), and PVI and addi-
tional ablation lines/isolation with RF (Group 4).

Details of the index procedures are shown in Table 2.

Diagnosis of Atrial Tachyarrhythmias during the Blanking 
Period
Following the initial procedure, all patients were adminis-
tered anticoagulants. Antiarrhythmic drugs were prescribed 
in 44 (68.7%) patients (Table 3). The median time between the 

Table 1. Baseline Characteristics (n=64)

Age, mean ± SD 59.6 ± 12.6

Female, gender, n (%) 35 (54.7)

AF duration, months, n (%) 8 (1-120)

HT, n (%) 35 (54.7)

CAD, n (%) 7 (10.9)

DM, n (%) 14 (21.9)

HF, n (%) 4 (6.3)

CVE, n (%) 3 (4.7)

Bleeding, n (%) 1 (1.6)

CHA2DS2-VASc, median (min-max) 2 (0-6)

LVEF (%), mean ± SD 58.6 ± 4.5

LA diameter (mm), mean ± SD 40 ± 5

MR  

• Mild, n (%) 38 (59.4)

• Moderate, n (%) 24 (37.5)

• Severe, n (%) 2 (3.1)
AF, atrial fibrillation; CAD, coronary artery disease; CVE, 
cerebrovascular event; DM, diabetes mellitus; HF, heart failure; HT, 
hypertension; LA, left atrium; LVEF, left ventricle ejection fraction; MR, 
mitral regurgitation.

Table 2. Procedural Characteristics of Index Ablation

Indication of Index Procedure n=64

Paroxysmal AF, n (%) 43 (67.2)

Persistent AF, n (%) 21 (32.8)

Ablation modalities and details  

Cryoenergy, n (%) 37 (57.8)

• PVI only, n (%) 32 (50)

• PVI+LAA isolation, n (%) 5 (7.8)

Radiofrequency energy, n (%) 27 (42.2)

• PVI only, n(%) 14 (21.9)

• PVI + ablation lines/additional isolation, n (%) 13 (20.3)

Anterior line, n (%) 3 (4.7)

Posterior box lines, n (%) 2 (3.1)

Roof line, n (%) 4 (6.3)

CTI line, n (%) 1 (1.6)

LA substrate modification, n (%) 5 (7.8)

LAA isolation, n (%) 1 (1.6)
AF, atrial fibrillation; CTI, cavo tricuspid isthmus; LA, left atrium; LAA, 
left atrial appendage; PVI, pulmonary vein isolation. 
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initial ablation and the diagnosis of ATa was 34 (1-89) days. 
Of the study participants, 37 patients presented with spon-
taneously resolved AF, while 19 patients required cardiover-
sion due to incessant or symptomatic AF. Eight patients were 
referred to the second procedure under AT. The median num-
ber of ATa episodes between index and redo procedures was 
1 (1-5).

Redo Procedure

Group 1: Only Pulmonary Vein Isolation using Cryoballoon in 
Index Procedure (32 Patients)
AT was observed or induced in 18 patients during the initial 
EPS using atrial programmed electrical stimulation (PES). 
The activation mapping provided the following insights:

Cavo tricuspid isthmus-dependent typical AFl in 9 patients:

• Tachycardia was terminated using a CTI line.
• Following the CTI ablation, atrial PES led to the induc-

tion of left AT in 2 patients. In 1 patient, a micro re-entry 
was identified; in the other, a macro re-entry mechanism 
was discerned in activation mapping. For both patients, 
additional ablation lines were strategically created to 
target the critical isthmus, effectively addressing the 
respective tachycardia mechanisms.

• Pulmonary vein reconnection was identified in another 3 
patients, and PVs were re-isolated.

• Two more patients from this group had a left atrial sub-
strate identified, and substrate modification was per-
formed empirically.

Left AT in 8 patients, macro reentry in 5, and micro reentry in 
3 patients.

• Additional ablation lines were created to address the 
critical isthmus of the tachycardia.

• Following the termination of left AT, late potential map-
ping pointed out the left atrial substrate, and substrate 
modification was performed on 4 patients.

• In 1 of the patients with left atrial tachycardia (AT), a PV 
reconnection was identified, and subsequently, the PVs 
were re-isolated.

• After the termination of the left AT, it was observed that 
the SVC was also active in 1 of the patients. Thus, the 
SVC was isolated using RF ablation.

Focal AT (1 patient):

• The tachycardia was terminated using focal RF ablation.

Initial EPS revealed AVNRT, and slow pathway ablation was 
performed in 2 patients who had undergone PVI using CB as 
an index procedure.

For 12 patients without induced tachycardia despite an 
aggressive PES protocol with isoproterenol infusion:

• Voltage and late potential mappings with 3D systems 
revealed PV reconnection in 9 patients. Within this 
group, late potential mapping highlighted a left atrial 
substrate in 2 patients, and substrate modification was 
performed on these.

• In 2 patients, all PVs were isolated, and the only sig-
nificant finding was the left atrial substrate, which was 
identified by late potential mapping. Substrate modifi-
cation was performed on these patients.

• An active SVC was noted in 1 patient. No tachycardia 
was induced during the initial EPS, and no substrate was 
identified. The SVC was isolated.

Group 2: Pulmonary Vein Isthmus + Empirical Left Atrial 
Appendage Isolation Using Cryoballoon in Index Procedure 
(5 Patients)
During the initial EPS:

Atrial tachycardia (AT) was induced in 2 patients via atrial 
PES. Activation mapping pointed out:

• One patient had CTI-dependent typical AFL, and the 
tachycardia was terminated with a CTI line. Subsequent 
left atrial voltage mapping identified a reconnected PV, 
which was re-isolated. Additionally, this patient exhib-
ited an electrically reconnected LAA, which was isolated 
using RF ablation.

• In 1 patient, left AT, a micro re-entry on the anterior wall 
was identified and terminated with an anterior line.

AVNRT was induced in 1 patient using an aggressive atrial 
PES protocol complemented by isoproterenol infusion. This 
patient underwent ablation of the slow pathway.

In 2 patients, there was no induced tachycardia despite 
aggressive atrial PES and isoproterenol infusion. Left atrial 
voltage mapping highlighted PV reconnections in both cases. 
The PVs were subsequently re-isolated.

Group 3: Pulmonary Vein Isolation Using Radiofrequency in 
Index Procedure (14 Patients)
Atrial tachycardia was present or induced with atrial PES 
in 9 patients in the initial EPS. Atrial activation mapping 
highlighted:

• Cavo tricuspid isthmus-dependent typical AFl in 3 
patients, and a CTI line was drawn in those. However, 
tachycardia was not terminated in 2 of these patients, 
and the atrial activation map was reperformed. The new 
activation map highlighted left atrial macro reentry and 
micro reentry in each patient. Pulmonary vein reconnec-
tion was also identified in these 3 patients. Following CTI 
lines, reconnected PVs were re-isolated in 3 patients, 
and additional ablation lines were created to address the 

Table 3. Patients’ Medication (n=64)

Medication

Following 
Index 

Procedure

Following 
Second 

Procedure

Betablockers, n (%) 43 (67.2) 43 (67.2)

Calcium channel blockers, n (%) 4 (6.3) 1 (1.6)

Antiarrhythmic drugs, n (%) 44 (68.7) 50 (78.1)

Propafenon, n (%) 28 (43.8) 25 (39.1)

Amiodarone, n (%) 13 (20.3) 16 (25)

Flekainid, n (%) 3 (4.7) 8 (12.5)

Sotalol, n (%) 0 (0) 1 (1.6)
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critical isthmus in patients with left AT. Lastly, late poten-
tial mapping indicated the left atrial substrate in 1 of 
these 3 patients, and substrate modification was done.

•  Left atrial macro re-entrant tachycardia was identified 
in 5 patients. In 1 of these, there was also PV reconnec-
tion (Figure 2). Firstly, linear ablation lines were created 
to address critical isthmuses of the tachycardias in these 
5 patients. Late potential mapping in sinus rhythm identi-
fied the left atrial substrate in 3 patients, and substrate 
modification was performed in those. Lastly, reconnected 
PV was re-isolated in 1 patient with PV reconnection.

• In 1 patient, focal AT was detected, and it was termi-
nated using focal RF ablation.

AVNRT was induced with atrial PES in 2 patients. Slow path-
way ablation was performed in these 2 patients.

In 3 patients, there was no induced tachycardia and no other 
significant findings other than PV reconnection. Reconnected 
PVs were re-isolated in these 3 patients (Figure 3).

Group 4: Pulmonary Vein Isolation Using 
Radiofrequency + Additional Ablations in Index Procedure 
(13 Patients)
In the initial EPS, AT was present or induced in 12 patients. 
In these patients, activation mapping was performed, and 
activation mapping addressed:

• Cavo tricuspid isthmus-dependent typical AFl was iden-
tified in 3 patients. Atrial fibrillation isthmus was termi-
nated in 2 patients with CTI lines. However, tachycardia 
degenerated to left atrial macro re-entrant tachycardia 
in 1 patient following the CTI line. Furthermore, addi-
tional linear lines were created to terminate the tachy-
cardia. In addition, after AT terminated in 2 of these 3 
patients, late potential mapping in sinus rhythm identi-
fied the left atrial substrate, and substrate modification 
was done.

• Left AT was detected in 9 patients. Activation map-
ping revealed macro re-entry in 7 and micro re-entry in 
2. Linear lines addressing critical isthmuses of tachycar-
dias were drawn. In addition, 2 of these 9 patients had PV 
reconnection, and reconnected PVs were re-isolated in 
these 2 patients.

In 1 patient, no sustained tachycardia was induced with atrial 
PES. Left atrial voltage and late potential mapping were 
performed on this patient. Pulmonary vein reconnection and 
the left atrial substrate were identified. The reconnected 
PV was re-isolated, and subsequently, the substrate was 
modified.

Across all groups, PV reconnection was observed in 26 patients. 
Sixteen patients exhibited CTI-dependent typical AFl, while 

Figure 2. In the index procedure, substrate mapping revealed no left atrial scar, and pulmonary veins were isolated. The patient 
was referred to redo-procedure with atrial tachycardia. Activation mapping indicated roof-dependent (utilizing) atrial 
tachycardia, and the right pulmonary veins were reconnected. The roofline was drawn. Subsequently, the right PVs were isolated. 
PV, pulmonary vein.
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20 presented with left atrial macro-reentrant tachycardia, 
and 8 had left atrial micro-reentrant tachycardia. AVNRT 
was induced in 5 patients, while 2 patients had focal AT. Late 
potential mapping of the left atrium identified substrates in 
19 patients. Furthermore, SVC in 2 and LAA in 1 patient were 
active. The outcomes of the initial procedures and redo pro-
cedures are summarized in Figure 4.

No periprocedural cerebrovascular events or pericardial 
effusions were reported. However, access site bleeding, 
manifesting as hematoma or ecchymosis, occurred in 8 
patients. Notably, 1 of these patients developed a pseudo-
aneurysm, which was successfully managed through man-
ual compression without the need for further intervention. 
The average duration of hospitalization was 2.7 ± 0.9 days. 
Procedural details of redo procedures are listed in Table 4.

Follow-Up
During the 12-month follow-up period, 9 patients (14.1%) 
experienced episodes of ATa during the 12-month follow-up 
period. No mortality or major adverse cardiac events were 
observed. The index procedures included PVI with CB in 3 
patients, PVI and LAAi with CB in 2, only PVI with RF in 1, and 
PVI with additional lesions in 3. When comparing follow-up 
results in the 2 different groups according to the index pro-
cedure, no statistically significant difference in survival was 
observed between the groups, as per the log-rank test results 
[χ2(1) = 0.01, P = .916]. The second procedure involved ablation 
of scar-related AT or substrate modification in 8 patients, 
and merely the reisolation of reconnected PV in 1. Follow-up 
data are presented using the Kaplan-Meier survival curve 
Figure 5A and grouped by the index procedure in Figure 5B.

DISCUSSION

Our study’s principal finding is the notable proportion of 
patients who encounter symptomatic ATa episodes during 

the BP and exhibit evidence of PV reconnection or under-
lying substrates that may contribute to the recurrence of 
ATas. This observation raises a pivotal question about the 
BP’s genuine validity. If the BP holds significance, it beckons 
another query: which patients should we monitor until the 
end of the BP before confirming a recurrence?

Mechanism of Early Recurrence and Duration of Blanking 
Period
The definition of BP remains a topic of debate among both 
patients and physicians.14,15 While a duration of 3 months is 
commonly accepted for the BP,16 other studies have proposed 
varying durations, such as 23 days17 or 2 months,18 suggesting 
these alternative time frames may help reduce long-term 
recurrence rates. Expert consensus documents suggest that 
physicians should wait until the end of the BP before referring 
patients for redo procedures.3,19

The primary rationale behind the BP is ablation-related 
inflammation.17 As the scar matures, the iatrogenic lesions 
initially have proarrhythmic effects, which are expected 
to subside once the scarring process stabilizes and a homo-
geneous scar forms. Uetake et  al18 emphasize the role of 
inflammation in early recurrence, noting that it can persist 
for up to 2 months. However, due to the variability in individ-
ual and procedural characteristics, it is difficult to estimate 
the exact duration of the BP, which likely explains the differ-
ing BP durations reported in various studies.

Antiarrhythmic drugs (AADs) may mitigate episodes of 
inflammation-related ATa during BP.16 However, some ATa 
episodes may persist and continue to cause symptoms. 
Recent studies indicate that ATa episodes during BP, although 
not classified as recurrences, are associated with long-term 
recurrences.4,20,21 Therefore, a thorough evaluation of ATa 
episodes during BP is necessary.

Figure 3. In the index procedure, substrate mapping revealed no left atrial scar, and pulmonary veins were isolated. The patient 
was referred to redo-procedure due to incessant AF episodes. Activation mapping indicated that the left PVs were isolated, but 
the right PVs were reconnected. Subsequently, the right PVs were isolated. AF, atrial fibrillation; PV, pulmonary vein.
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Atrial Tachycardia-Related Early Recurrence
In our study, patients were categorized into 4 groups based 
on their index procedure to assess the impact of the index 
procedure on the outcomes of the second procedure. In the 
group that underwent the index procedure with CB (n = 37), 
AT was present or induced during the second procedure in 
a significant portion of this subgroup. Cavo tricuspid isth-
mus-dependent AFl was identified as the cause of AT in 10 
patients, and re-entrant left AT in 11. These instances of CTI-
dependent AFl and scar-related left AT are presumed to be 
unrelated to the initial ablation. However, previous studies 
have reported conflicting results on the efficacy of empirical 
CTI ablation in improving outcomes for AF recurrences.22,23 
Gupta et al24 even demonstrated that initial PVI might have 
an equally effective outcome compared to CTI ablation in 
reducing ATa recurrence in patients with AFl. Moreover, no 
precise established relationship exists between AFl and AF.25 
Therefore, it cannot be concluded that CTI ablation must be 
performed empirically in all patients undergoing CA for AF.

On the other hand, scar-related left AT might have a role in 
initiating AF. Previous studies showed that left atrial scar is 
an independent risk factor for recurrences.26 Yet, previous 
studies have not demonstrated a definitive benefit of scar-
based CA, and consensus on its use for AF management 
remains elusive.27,28 Another interesting finding from our 
study was that CTI-dependent AFl was present or induced 
in 16 patients. We examined the left atrial substrate and PV 
reconnection in these patients, observing PV reconnection in 

7 patients, left atrial substrate in 10 patients, and inducing 
scar-related ATa in 5 patients. Based on this finding, another 
question arose: should redo procedures include left atrial 
examination to rule out potential PV reconnection and left 
atrial substrate?

For patients with a history of RF-based CA, admitted with 
left AT, or those in whom left AT was induced during the EPS, 
formulating recommendations becomes complex due to 2 
potential etiologies for tachycardia. First, it might stem from 
the aftereffects of a prior ablation procedure. In our group 3, 
the patients who had PVI using RF (n = 14), 8 patients encoun-
tered AT during the second procedure. This included 6 with 
macro-reentrant AT, 1 micro-reentrant, and 1 focal AT. What 
is intriguing here is that no left atrial substrate was identified 
in the preliminary procedure; only PVI was performed. This 
brings to light the notion that some ATs might result from 
the functional slow conduction zones, iatrogenically cre-
ated in the initial procedure. Waiting for the scar maturation 
might be an option for some patients before electing a redo 
procedure, particularly with localized reentry and electrical 
substrate on the initial ablation lines. However, the implica-
tions of delaying intervention in patients with macro reentry 
remain uncertain, and we think early termination of macro 
reentry via RF ablation in these patients would improve 
long-term results. Secondly, AT episodes could be related 
to the previously present left atrial substrate. In group 4, 
the patients with PVI and additional ablation lines using RF 
(n  =  13), 10 patients faced left AT in the second procedure. 

Figure 4. Procedural characteristics. Patients were divided into 4 groups based on the index procedure. AT, atrial tachycardia; 
CTI, cavo-tricuspid isthmus; fAT, focal AT; LAAi, left atrial appendage isolation; rPVi, reconnected pulmonary vein isolation; SM, 
substrate modification; SPw, slow pathway; SVCi, superior vena cava isolation. 
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Masuda et  al29 reported that linear ablation lines, in addi-
tion to PVI, significantly improve follow-up. However, they 
also reported that linear lesions can increase iatrogenic ATs. 
Thus, the outcomes for each patient must be interpreted in 
the context of their primary procedure. This suggests that 
waiting till the end of BP would not alter their prognosis, 
maintaining a heightened risk of recurrence.

Pulmonary Vein Reconnection-Related Early Recurrence
Managing PV reconnection within the initial 3-month post-
ablation period remains a debated issue. The etiology of PV 
reconnection is not entirely elucidated; however, multiple 
hypotheses have been posited. A primary theory suggests 
that PV electrical reconnection may stem from an incom-
plete encirclement of the PV ostia, creating a gap that per-
mits the re-establishment of electrical activity.30 Ranjan 
et  al31 demonstrated how discontinuities in the ablation 
line can facilitate the restoration of electrical isolation by 

employing magnetic resonance imaging. Similarly, Kowalski 
et  al32 found that nontransmural ablation lesions are asso-
ciated with PV reconnection. A second hypothesis centers 
on the concept of dormant conduction, which is postulated 
to be a predominant factor in early PV reconnection.33 The 
use of adenosine to reveal dormant conduction has been 
documented; however, the clinical significance of employ-
ing the adenosine test for this purpose remains ambigu-
ous.34,35 Regardless of whether the reconnection is due to a 
gap or dormant conduction, the strategy of waiting for BP in 
patients exhibiting PV reconnection does not appear to be 
a reliable method for reducing the incidence of recurrence. 
In our study, we observed pulmonary vein reconnection in 
patients who had their index procedure with CB (16 of 37) or 
RF (9 of 27).

Supraventricular Tachycardia-Related Recurrence
In our study population, AVNRT was induced during the initial 
EPS of the second procedure in 5 (7.8%) patients. Previous stud-
ies have reported that AVNRT and atrioventricular reentrant 
tachycardia (AVRT) might degenerate into AF.36,37 Therefore, 

Table 4. Procedural Characteristics of Redo Ablation (n=64)

Time to recurrence (days), median (min-max) 34 (1-89)

Time to procedure (days), median (min-max) 60 (3-110)

Hospitalization duration (days), mean ± SD 2.7 ± 0.9

Ablation modalities and details in redo procedure

Radiofrequency, n (%) 64 (100)

Mapping  

Conventional, n (%) 5 (7.8)

Carto, n (%) 48 (75.0)

EnsiteX, n (%) 11 (17.2)

First target in redo procedure

• Reentrant atrial tachycardia, n (%) 23 (35.9)

• CTI-dependent atrial flutter, n (%) 16 (25.05)

• Isolation of reconnected PV, n (%) 15 (23.4)

• Ablation of slow pathway, n (%) 5 (7.8)

• Substrat modification, n (%) 2 (3.1)

• Focal atrial tachycardia, n (%) 2 (3.1)

• SVC, n (%) 1 (1.6)

Second target in the redo procedure

• None, n (%) 33 (51.6)

• Substrat modification, n (%) 16 (25)

• Isolation of reconnected PV, n (%) 11 (17.2)

• Atrial tachycardia, n (%) 3 (4.7)

• SVC, n (%) 1 (1.6)

Third target in redo procedure

• None, n (%) 60 (93.8)

• Reentrat atrial tachycardia, n (%) 2 (3.1)

• Substrate modification, n (%) 1 (1.6)

• LAA isolation, n (%) 1 (1.6)

Complications

Periprocedural mortality, n (%) 0 (0)

Procedure-related pericardial effusion, n (%) 0 (0)

Access site bleeding (hematoma/echimosis), n (%) 8 (9.3)

Pseudoaneurysm, n (%) 1 (1.6)
CTI, cavo tricuspid isthmus; LAA, left atrial appendage; PV, pulmonary 
vein; SVC, superior vena cava.

Figure  5. (A) The Kaplan–Meier curve illustrates freedom 
from atrial arrhythmias at the end of a 12-month follow-up 
period, with 55 patients (85.9%) remaining arrhythmia free. 
(B) The log-rank test performed after the Kaplan-Meier 
survival analysis indicated that the difference in survival 
between the 2 groups, according to the index procedure, was 
completely insignificant [χ²(1) = 0.01, P = .916]. This result 
shows that there is no difference in survival between the 
groups.
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it is suggested that an initial EPS be performed prior to PVI, 
especially in young patients.38 Although EPS was part of our 
routine protocol before CA for AF, AVNRT was not induced 
during the first procedure in any of the patients. Based on 
these findings, it may be worthwhile to consider initial EPS 
with aggressive protocols during the first procedure as an 
option to prevent AVNRT or AVRT-related AF recurrences.

To the best of our knowledge, our study is the first clinical 
study to comprehensively evaluate additional substrates 
beyond PVs in patients with incessant ATa during BP. The find-
ings of this trial may challenge the conventional belief about 
BP and raise new questions. Although early recurrences are 
not typically considered recurrences in clinical trials, waiting 
until the end of BP may decrease the success rate of CA.

Clinical Approach for Patients with Early Recurrence 
Following Catheter Ablation for Atrial Fibrillation
Upon reviewing these findings, we propose a new algorithm 
(Figure 6) for managing patients who have experienced ATa 
episodes during the BP. The algorithm consists of the follow-
ing steps:

Upon admission, the initial step involves thoroughly evaluat-
ing the patient's symptoms and analyzing their 12-lead sur-
face ECG.

In patients with EHRA 2 symptoms, an ECG might guide the 
next steps. If the rhythm is sinus but there are PAF episodes 
within 24 hours of rhythm monitoring, waiting until the end 

of the BP might be an option. Similarly, cardioversion and 
waiting for the BP might be options for patients with AF. 
However, in patients with AT rhythm, they can be referred to 
a redo procedure.

In patients with EHRA 3-4 symptoms or tachycardia-induced 
cardiomyopathy (regardless of symptoms), it is recom-
mended to proceed with an EPS and, if necessary, SM for 
those presenting with a sinus rhythm. Activation mapping 
should be the course of action in cases where AT is observed. 
When AF is detected, the protocol involves cardioverting the 
patient before referring them for an EPS and potentially fur-
ther SM.

If the EPS identifies AVNRT or the presence of an accessory 
pathway, the appropriate response is to carry out an ablation 
of the implicated slow pathway or the accessory pathway, 
respectively. When AT is provoked during the EPS, activation 
mapping specifically for AT should be executed.

In scenarios where the EPS does not yield any particular find-
ings, the focus shifts to controlling PVI and conducting a map for 
any underlying substrate. Furthermore, if the admission rhythm 
is AT or if AT is induced during EPS and ablation is successfully 
completed, it is necessary to verify PVI and perform SM.

If PV reconnection is observed, the pulmonary veins must be 
isolated. Lastly, if SM uncovers a left atrial scar without addi-
tional anomalies, it might be beneficial to consider drawing 
additional ablation lines.

Figure  6. Management algorithm for patients who had ATa during BP. AADs, antiarrhythmic drugs; AF, atrial fibrillation; AP, 
accessory pathway; ATa, atrial tachyarrhythmia; BP, blanking period; EPS, electrophysiological study; PVs, pulmonary veins.
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This proposed algorithm provides a clear and concise 
approach to managing patients who have experienced 
severely symptomatic ATa episodes during the BP. It empha-
sizes the importance of performing an EPS and SM to deter-
mine the underlying rhythm and identify potential ablation 
targets. It also highlights the need for thorough follow-up 
and assessment of PVI and SM after successful ablation. On 
the other hand, this proposed algorithm should be evaluated 
in controlled trials with larger study groups before being rou-
tinely used for patients with early recurrence following CA 
for AF.

Our findings are consistent with those reported by Ganesan 
et al39 in their meta-analysis, where a long-term success rate 
of 79% was observed with multiple procedures. Similarly, in 
our study, during the 12-month follow-up period, 85.9% of 
patients remained free from ATa. This favorable outcome 
highlights the effectiveness of our approach in maintaining 
arrhythmia control, even in patients with early recurrences.

Patient Selection for Referral Redo Procedure
This trial suggests that an early ablation strategy might 
benefit patients with early recurrence within the first 3 
months following CA for AF. However, the STOP AF trial40 
indicated that a significant portion of patients with early 
recurrence would not experience late recurrence, mak-
ing ablation-related risks potentially unnecessary for these 
patients. Consequently, patient selection for early abla-
tion procedures should be done carefully and based on clear 
criteria. The novel consensus document19 on CA for AF rec-
ommends an early re-ablation strategy only for severely 
symptomatic patients. Future randomized clinical trials are 
needed to establish more definitive criteria for early abla-
tion strategies.

Study Limitations
Several limitations to this trial should be noted. First, it is 
important to note that this is a retrospective study with a 
relatively small sample size. Therefore, specific recommen-
dations for this patient group may not be possible based 
solely on these findings. Future large-scale clinical trials 
are needed to make more definitive recommendations. 
Second, the study population was heterogeneous, consist-
ing of patients with PAF and PeAF who underwent various 
types of ablation procedures, including CB and RF abla-
tion, as well as PVI and PVI plus additional ablative strat-
egies. Therefore, it's important to emphasize that these 
patient characteristics may lead to different endpoints at 
the end of the BP. Another clinically significant limitation is 
the uncertainty regarding the clinical impact of ablation-
induced inflammation. It is unclear whether the tachycar-
dia we induced is the same as the clinical tachycardia. There 
is no definitive evidence to determine if the induced tachy-
cardia is a result of inflammation related to the index pro-
cedure's ablation. Lastly, there is no clear recommendation 
for the usage of AADs during the BP for the prevention of 
early recurrence. AADs can reduce inflammation-related 
early recurrence within the BP. However, the AAD usage 
following the index procedure was relatively low in our 
study population.

CONCLUSION

This study revealed that many patients who experienced 
ATa during the BP have PV reconnection and left atrial scar-
related AT. Furthermore, most of these ATs are unrelated to 
the index procedure or the results of the initial ablation sets. 
The algorithm we used for this specific patient population 
could help physicians reduce recurrences and symptomatic 
episodes following CA. Further randomized controlled stud-
ies with longer follow-up periods will provide more insight 
into this complex issue.
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