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Introduction

Ablation of complex atrial tachycardias (AT) is commonly associated with prolonged procedure times and in certain circumstances, modest success rates. AT in patients with prior substrate-based AF ablation may be associated with particularly complex substrates. An incomplete understanding of the arrhythmia mechanism is an important determinant of ablation failure. The development of ultra high-resolution mapping techniques designed for automated generation of highly detailed activation maps has the potential to enhance procedural outcomes and potentially provide novel insights into arrhythmia mechanisms.

Early results from studies using ultra high-resolution mapping (Rhythmia, Boston scientific) have reported that the technology accurately identifies complex AT mechanisms (1-3).

However, these studies have largely been restricted to small cohorts of patients. In the present study we systematically evaluated AT mechanisms using the Rhythmia in a large consecutive cohort of patients (excuding cavotricuspid isthmus-dependent flutter).

Methods

Patient population

Consecutive patients referred for ablation of AT between November 2014 and October 2016 were included. Patients with a clinical presentation of a cavotricuspid isthmus-dependent flutter were not included in the study. The presence of left atrial dilatation or structural heart disease did not represent an exclusion criterion. The study was approved by the Institutional Review Board at Hôpital Haut Lêvéque.

Mapping and ablation

Procedures were performed under conscious sedation using the Rhythmia mapping system.

Patients were established on oral anticoagulation for at least one-month pre-ablation.

Transoesophageal echocardiography or CT imaging was performed within 48 hours of the procedure to exclude the presence of thrombus. Unfractionated heparin was administrated before the transseptal access with a target activated clotting time (ACT) of 300 -400 sec. A deflectable decapolar catheter (Dynamic XT Boston Scientific) was positioned within the coronary sinus. If the patient was in sinus rhythm at the start of the procedure, burst pacing was performed to induce AT. The patient was excluded from analysis if: 1) the AT was not inducible; 2) atrial fibrillation or unstable AT was induced; 3) if the AT was mechanically terminated before the AT was completely mapped (Figure 1).

A steerable long sheath (Agilis, St Jude Medical) and Intella Map Orion TM Catheter (Boston Scientific, MA) was used for mapping. A dedicated automated algorithm (Rhythmia ® software) was used for activation mapping. A combination of peak EGM amplitude, relative timing to surrounding EGMs, and EGM proximity to the atrial 3D model was used for automated generation of activation maps. Automated point acquisition was performed using the following beat acceptance criteria: 1) tachycardia cycle length (TCL) stability (±10 ms);

2) time stability of a reference EGM from the coronary sinus catheter (±5 ms); 3) beat-to-beat EGM consistency; 4) EGMs acquired during the expiration phase; 5) EGMs acquired during stable position of the catheter (<1mm catheter movement during acquisition window); 6) tracking quality of the mapping catheter to ensure correct location of the mapping catheter.

Activation timing of local fragmented EGMs was largely determined by the automatic annotation software. Manual re-annotation was performed in a small subset of cases.

Complementary entrainment mapping was performed for validation of complex circuits, especially in the presence of double reentry. The following thresholds were used for definition of scar; scar <0.05 mV; scar borderzone 0.05 and 0.5 mV; normal 0.5 mV. A 3.5mm irrigated-tip catheter (SF catheter, Biosense Webster, Diamond Bar, CA) was used for ablation.

Classification of atrial tachycardia

The AT mechanism was classified as follows:

1. Macro re-entry was defined by activation recorded over the entire AT CL circling around an anatomical obstacle and entrainment with post-pacing interval (PPI) = CL at ≥2 opposite segments consistent with a re-entrant mechanism 2. Localized scar related re-entry was defined by atrial activation that was recorded over the entire ATCL circling around a localized area. The localized re-entry circuit was variable in size and was composed of a scar with conduction block and a channel of slow conduction consistent with an "isthmus".

3. Focal atrial tachycardia was defined as atrial activity originating from a discrete site activating the surrounding tissue centrifugally (not necessarily recorded over the entire ATCL).

4. Dual-loop AT was defined as re-entrant AT composed of two independent active circuits sharing one common path. The entire cycle length has to be included in each of the circuits.

The active participation of each circuit is confirmed by entrainment (4). In case of dual-loop AT only the circuit targeted by ablation was accounted for in each AT category.

Isthmus measurements

The length of the entire circuit was measured on the geometry created by the Rhythmia system. The shortest length of the isthmus was measured on the geometry. The electrogram voltage, amplitude and duration on the narrowest site in the common isthmus were measured if 3 consecutives stable EGM were recorded.

Follow-up and study endpoints

The end point of the procedure was termination of AT(s) by ablation to sinus rhythm, demonstration of bi-directional block across ablation lines and non-inducibility of any atrial tachyarrhythmia. Inducibility was tested exclusively by burst pacing from two different pacing sites (left atrial appendage and coronary sinus), down to 220 ms (or the local refractory period, if >220 ms) and repeated three times. If the clinical AT converted to a different AT or in the event of induction of another AT, the ablation was continued aiming at termination to sinus rhythm.

All patients were seen at 3, 6 and 12 months' post-ablation in the outpatient clinic. At each visit, the patients were investigated with a 24-hour Holter monitor, exercise stress test and echocardiography. Follow-up visits at 1 and 9 months were organized by the referring physicians (with 24-hour Holter monitoring). In case of symptoms, an additional 12-lead ECG was acquired. Antiarrhythmic drug treatment, including amiodarone, was discontinued after the procedure in all patients. Patients with more than one recurrence of AT were scheduled for re-do procedures and antiarrhythmic drug treatment was re-initiated, (unless contraindicated), as a bridge to the re-do ablation procedure.

Statistical analysis

Continuous data are expressed as mean±SD. Comparison between groups was carried out using a Student t-test or a one way ANOVA and Bonferroni post-hoc test. Categorical variables were expressed as absolute numbers (percentages) and compared using Pearson Chi square test or the Fisher exact test when appropriate. Values of P<0.05 were considered significant.

Results:

Patient characteristics 160 patients were enrolled in the study. Twenty-eight patients were subsequently excluded due to either intra-procedural induction of AF, induction of unstable AT (that degenerated into AF), or incomplete mapping of the arrhythmia. The baseline characteristics of the 132 included patients are summarized in Table 1. 111/132 (80%) had post-AF ablation AT, 5 (4%) had post-surgical AT,16 (12%) had ATs in native atria. Amongst the 111 patients with post-AF ablation AT, the index AF ablation procedure involved substrate-based ablation (with AF termination as the procedural endpoint) in 104 (94%) cases. The index AF ablation procedure involved a sequential approach (PVI, conventional EGM-based ablation, and linear lesions) in 77 (70%), a substrate-based approach guided by non-invasive body surface mapping in 27 (24%), and PVI only in 7 (6%, all patients with RF ablation, Table 2). 42 patients had a single AF ablation procedure while 69 had ≥2 AF ablation procedures. The strategies for the sequential approach and ECGI-based ablation are have been described in detail previously [START_REF] Neill | The stepwise ablation approach for chronic atrial fibrillation -Evidence for a cumulative effect[END_REF] [START_REF] Haissaguerre | Driver Domains in Persistent Atrial Fibrillation[END_REF]. ). Left atrial mapping was performed in all cases (15200±7683 points/map; 924±484 sec/map). Right atrial mapping was performed in 45 (21%) cases (8238±7596points/map; 601±534 sec/map). Mapping characteristics are included in Table 3. Manual re-annotation was performed in 22 (10%) cases. When re-annotation was performed, the number of re-annotated points was limited to ≤6 points/map. The reason for re-annotation was always related to the noise/signal ratio in localized areas of the atria with very low-voltage signals. These re-annotated points were never critical to understanding the circuit itself but re-annotation improved the overall activation map. The mechanism of atrial tachycardia was completely defined for 206/214 (96%) ATs (129 [60%] macro-reentry; 57

[27%] localized reentry; 20 [9%] focal AT). Entrainment was performed in the majority of cases (200 of the 214 AT, 93%) with a mean of 3±2 entrainment sites per AT. The AT subtypes are described in more detail in subsequent sections (Figure 2). Despite detailed mapping, the mechanism of the remaining 8 (4%) ATs remained incompletely defined.

AT subtypes

Macro-reentrant AT

The 129 macro re-entrant AT were identified in 93 patients (83 [86%] post-AF ablation patients; 6 [6%] native atria and 4 [4%] previous cardiac surgery). 100% of the AT CL was mapped in the atria in all patients (AT CL 277±62 ms). 72/129 (56%) were peri-mitral, 38 (29%) were roof-dependent, 16 (12%) were CTI-dependent, 2 (1%) were bi-atrial, 1 (1%) were right atrial (summarized in Figure 1, 3 and4). All the 16 CTI-dependent AT were part of multiple sequential AT (15 in post-AF ablation patients and 1 in native atria). Overall, the length of the targeted isthmus was 15+/-9 mm. EGMs recorded at the critical isthmus had the following characteristics: fragmented in 94 (73%) ATs; amplitude: 0.43±0,68 mV; longest duration: 83,2±36,3 ms and covering less than a third of the AT CL (mean 29±12%). The total size of the AT circuit (diameter) was 44,2±9,6 mm (range: 20 to 71 mm). 115/129 (89%) target ablation sites (for linear ablation) were selected anatomically (58 mitral lines; 38 roof lines; 16 CTI lines; 2 bi-atrial lines and 1 upper RA line). In 14/129 (11%) cases (all perimitral) a more practical alternative ablation line was identified based on mapping characteristics (antero-septal in 12 cases and postero-septal in 2 cases). 116/129 ATs (90%) terminated following ablation (RF time 430±688 sec). Among the 10 ATs that did not terminate with ablation, 9 were peri-mitral and 1 was bi-atrial. Isthmus characteristics are included in Table 4. In all 10 cases, the ablation failure was due to failure to achieve mitral line block. The relationship between the index AF ablation strategy and the macro re-entrant AT mechanism is included in Table 2 andFigure 4.

Localized reentry

The 57 localized re-entry AT were identified in 47 patients (37 [79%] post-AF ablation patients; 8 [17%] native atria; and 2 [4%] previous cardiac surgery). 100% of the AT CL was mapped in all patients (AT CL 287±76 ms). Localized scar (with or without functional block) was identified in 100% cases. 18/37 (49%) AT in the post-ablation group involved ≥1 gap in the pulmonary vein circumferential ablation line. Figure 3 summarizes the anatomic distribution of localized re-entry circuits. The critical AT isthmus was defined as the narrowest path of the tachycardia circuit (mean 11.8±7.2 mm). EGMs at the critical isthmus sites were highly fragmented in all AT (amplitude 0.20±0.22 mV; longest duration 113,6±51,7 ms). The EGMs at the critical isthmus covered >30% of the AL CL in 36/57 (63%) AT, mean 40±17%. The total size of the AT circuit was 25,8±12,2 mm (range: 8 to 56 mm). RF ablation at the isthmus site terminated 56/57 98% of the AT (RF time 161±223 sec).

The only RF ablation failure occurred in a patient with a septal circuit. The relationship between the index AF ablation strategy and localized re-entry AT is included in Table 2.

Focal AT

The 20 focal ATs were identified in 17 patients (10 post-AF ablation; 7 native atria). Focal AT was diagnosed based on the identification of a discrete point source of the AT. The clustering of focal AT is illustrated in Figure 3. More than 90% of the AT CL was identified in the LA for only 3/20 (15%) ATs. The mean AT CL was 305±84 ms. 11/20 (55%) EGMs at the earliest site of activation were fragmented (amplitude 0.65±0.60 mV; duration: 65,6±45,4 ms). RF ablation at the earliest activation site terminated 100% of the AT (RF time 106±189 sec). The relationship between the index AF ablation strategy and focal AT is included in Table 2.

Multiple atrial tachycardias

In the overall cohort, 58 (45%) patients had multiple mapped AT. Furthermore, in 6 patients, despite the fact that sinus rhythm was restored after ablation of a single isthmus, a dual loop re-entry circuit with two isthmuses was mapped during AT (all perimitral + roof AT). In all 6 patients, the second isthmus was subsequently targeted without re-mapping. Therefore, a total of 64 (50%) patients were considered to have multiple AT for the purpose of our analysis.

Multiple ATs fell into one of two categories; (1) dual-loop reentry (27 [20%]) and [START_REF] Takigawa | Revisiting anatomic macroreentrant tachycardia after atrial fibrillation ablation using ultrahigh-resolution mapping: Implications for ablation[END_REF] sequential AT (60 [43%]). The 27 dual-loop AT were identified in 24 patients (22 post-AF ablation; 3 native atria). 22/27 (81%) dual-loop AT were peri-mitral + roof dependent, 4 (15%) involved peri-mitral + localized re-entry and 1 (4%) was roof dependent + localized reentry. 58 patients had sequentially mapped AT (2 AT n=38; 3 AT n=16; 4 AT n=4). The mean AT CL progressively prolonged from the initial circuit to successive circuits (Figure 5,6). In the subset of patients with post-AF ablation AT, 37/77 (48%) with a sequential approach during the index AF ablation had multiple AT (2 AT n=27; 3 AT n=8; 4 AT n=2; total of 126 AT). 9/27 (33%) patients with previous ECGI-based ablation had multiple AT (2 AT n=3; 3 AT n=4; 4 AT n=2; total of 44 AT). 1/9 (11%) patients with PVI-only as the index procedure had multiple AT. As summarized in Figure 7A-C, amongst patients who had sequential or ECGI-based ablation, multiple complex transitions between different AT mechanisms were observed with highly variable transitions between patients.

Relationship between underlying substrate and AT subtypes

The relationship between the underlying substrate and the AT mechanism is summarized in Figure 4 and Table 2.

Follow-up

124 patients completed a follow-up period of 13 ± 9 months, 57 (46%) patients experienced recurrences of AT. 67 patients remained free of any arrhythmia recurrence. Amongst the 111 post-AF ablation patients with complete follow-up, 51 (46%) patients experienced recurrences. The specific recurrence rate for each AT subtype was: 35/71 (49%) in patients with macro-reentrant AT, 10/30 (33%) in patients with localized re-entry and 2/5 (40%) in patients with focal AT.

Re-do procedures 27/57 (47%) patients had a re-do ablation procedure. In 19 (70%) of the patients undergoing a re-do procedure, the recurrent AT mechanism was anatomical macroreentry related either to (1) recovery of conduction through the mitral isthmus (15 [79%] patients) or (2) recovery of conduction through the roof line (4 [21%] patients). In 8 (30%) patients, the recurrent AT mechanism was localized re-entry.

Discussion

In a large consecutive series of patients undergoing ultra high-resolution mapping for AT, we demonstrate that: 1) amongst patients with post-AF ablation AT, multiple complex AT are common, with between a third and a half of patients displaying multiple AT, with complex transitions between different AT mechanisms, 2) despite complete delineation of arrhythmia circuits using ultra-high resolution mapping and high acute ablation success rates, AT recurrences are common amongst these patients, 3) re-entry is the predominant AT mechanism in patients with previous AF ablation, with focal AT accounting for only a small minority of cases, 4) amongst the patients with macro re-entry, more than a fifth have complex dual-loop circuits, 5) amongst the patients with localized re-entry, the majority of circuits are not micro re-entrant, but rather demonstrate larger, more heterogeneous circuits.

In the present study, we demonstrate the highly complex nature of AT in patients with different underlying substrates. Amongst patients who have previously undergone substratebased AF ablation, re-entry remains the predominant substrate for complex left AT. Of note, the initial ablation strategy in this group of patient were similar by the final endpoint (sinus rhythm restoration) but using different strategy. Linear lesion were almost systematic in the EGM guided group while it was limited in the ECGI guided. However, the type of recurrent AT distribution appears irrespective of the initial ablation strategy. While the acute success rates following ablation were favorable, the procedures involved extensive mapping of multiple complex AT with complex transitions between AT circuits. Furthermore, despite a detailed understanding of arrhythmia circuits and acute success, patients had high recurrence rates during follow-up.

Using ultra-high resolution mapping, we identified a very low prevalence of focal AT, particularly amongst post-AF ablation patients. The relative prevalence of focal AT is lower than previous reports on post-AF ablation AT [START_REF] Rostock | Characterization, mapping, and catheter ablation of recurrent atrial tachycardias after stepwise ablation of long-lasting persistent atrial fibrillation[END_REF][START_REF] Gerstenfeld | Mechanisms of organized left atrial tachycardias occurring after pulmonary vein isolation[END_REF]. Consistent with previous reports however, the focal ATs demonstrated a preponderance towards venous structures. [START_REF] Mohamed | A novel pacing maneuver to localize focal atrial tachycardia[END_REF][START_REF] Badhwar | Atrial tachycardia arising from the coronary sinus musculature: Electrophysiological characteristics and long-term outcomes of radiofrequency ablation[END_REF][START_REF] Medi | Tachycardia-Mediated Cardiomyopathy Secondary to Focal Atrial Tachycardia. Long-Term Outcome After Catheter Ablation[END_REF] [START_REF] Haïssaguerre | Catheter ablation of long-lasting persistent atrial fibrillation: critical structures for termination[END_REF].

Interestingly, close to half of the ATs were localized at the upper part of the left atrial ridge, which is in close proximity to the distal part of the Marshall bundle. The Marshall bundle represents a complex epicardial structure that has the potential to support re-entry. It could be speculated therefore that the 'focal' ATs identified in this region could in fact be the focal breakthrough of a partially epicardial re-entry circuit [START_REF] Vlachos | The role of Marshall bundle epicardial connections in atrial tachycardias after atrial fibrillation ablation[END_REF]. By implication therefore, an even lower proportion of the ATs may be focal.

Close to two-thirds of AT in our cohort were due to macro re-entry, with the majority being either peri-mitral or roof-dependent. In a recent small case-series, we reported that complex and atypical circuits are not uncommon in patients with macro-re-entrant AT. The present study expands on these findings with the identification of a relatively high prevalence of complex dual-loop circuits. Furthermore, we demonstrate that a combination of ultra highdensity mapping and entrainment accurately identifies the complex AT circuit in a high proportion of cases [START_REF] Takigawa | Revisiting anatomic macroreentrant tachycardia after atrial fibrillation ablation using ultrahigh-resolution mapping: Implications for ablation[END_REF]. Previous studies have demonstrated that treatment of macro-reentrant AT and more specifically, durable block of the mitral isthmus line was difficult to achieve.

The implication of the Marshall bundle acting as an insulated by-pass tract, may account for our high recurrence rate despite a high rate of acute block (53/62 [86%]) (14)(15)(16)(17) [START_REF] Kitamura | Ethanol infusion for Marshall bundle epicardial connections in Marshall bundle related atrial tachycardias following atrial fibrillation ablation: the accessibility and success rate of ethanol infusion by using a femoral approach[END_REF].

Close to a third of AT in our cohort were due to localized re-entry circuits. These ATs occurred almost exclusively in regions of atrial scar with the critical isthmus located within very low voltage areas: Critical isthmus sites consistently displayed low amplitude, fractionated signals of long duration. The localized circuits identified by ultra high-resolution mapping were relatively large with a mean length of 3 cm. Our findings suggest that contrary to previous reports, micro re-entrant circuits are relatively uncommon and a large proportion of ATs are due to larger circuits with significant heterogeneity in terms of size. We believe that ultra high-resolution mapping is more likely to accurately delineate the re-entry circuit.

Our findings suggest that localized re-entry circuits are defined by tissue characteristics of the circuit (scar-related borders) and the size of the circuit appears less relevant. Therefore, we used a classification of AT that was based on the nature of the circuit (anatomic obstacle or scar) and not on the size of the circuit per se to avoid overlap between the different types of re-entry [START_REF] Calkins | 2017 HRS/EHRA/ECAS/APHRS/SOLAECE Expert Consensus Statement on Catheter and Surgical Ablation of Atrial Fibrillation[END_REF].

Clinical implications for persistent AF ablation

Prior substrate-based ablation for AF was the predominant substrate for complex left AT in this consecutive case-series. Based on our previously reported data, more than half of patients who undergo stepwise AF ablation experience AT recurrence (after one or two procedures).

Amongst patients undergoing ECGI ablation, the AT recurrence rates are estimated at 40% (unpublished data). Similar results have been reported in studies using different substrate modification protocols.(20) [START_REF] Wynn | Efficacy of Catheter Ablation for Persistent Atrial Fibrillation: A Systematic Review and Meta-Analysis of Evidence from Randomised and Non-Randomised Controlled Trials[END_REF]. While, macroreentry was the predominant AT mechanism in our cohort (two-thirds of cases), the re-entrant circuits were highly complex, and necessitated prolonged procedures for AT termination. Furthermore, it is important to emphasize that despite a high acute success rate of AT termination and blocked lines, almost half of our patients experienced AT recurrence. There are a number of potential factors that may contribute to post-AF ablation AT susceptibility, including incomplete elimination of electrograms at target sites (particularly rotor and CFAE sites), development of scar and scar borderzone despite adequate ablation, and failure to block anatomical lines. Of note, our follow-up results, which have been confirmed by a separate study from our group, demonstrate that the main reasons for AT recurrence after high-density map guided ablation are: (1) perimitral flutter involving epicardial connections (vein of Marshall) for patients in whom the index AT was anatomical macro-reentry; (2) a different localized re-entry circuit for patients in whom scar-related AT was the index AT (Takigawa et al, in press). Overall, our findings underscore the need for novel, more effective substrate-based ablation techniques for AF that have lower longer term pro-arrhythmogenic potential.

Limitations

Our study population consisted of consecutive AT cases, with a high proportion being post-AF ablation AT. Therefore, AT in post-surgical patients and patients with native atria are underrepresented. Treatment of AT specifically targeting the critical isthmus might be an interesting strategy however most of our cases were a combination of scar related localized AT and macroreentry. In addition to ablation of critical AT isthmus sites, ablation of other sites (including pulmonary vein re-isolation and completion of lines from previous procedures) is a confounding factor for analysis of the impact of isthmus ablation. The specific strategy for substrate-based ablation in patients with previous AF ablation is an important determinant of the AT mechanisms. However, due to a lack of data on the exact location of previous ablation sites, we were unable to make a correlation between previous substrate ablation and AT mechanisms in our cohort. It is likely that most current ablation strategies besides PV isolation produce substrate for subsequent AT without a clear relationship between the chosen strategy and the AT mechanisms. However, the distribution of AT mechanisms observed in our study are related to the initial ablation strategy and may not be similar with a different substrate ablation. We have not performed direct epicardial mapping in patients with a suspected epicardial connection therefore our understanding of these potential connections remains speculative. Finally, a significant proportion of the AF ablation cases were performed prior to the widespread use of cryoballoon ablation and contact force-guided RF ablation. Therefore, the results may not be directly transferrable to patients who undergo ablation using these technologies.

Clinical perspectives

The present study highlights the complexity of managing atypical AT especially in post-atrial fibrillation ablation patients. Despite accurate characterization of the AT mechanism and a high acute termination rate following ablation, the recurrence rate remains high. In half of the patients, multiple complex AT circuits with variable transition between circuits were observed, resulting in prolonged and challenging procedures. Our results suggest that (1) AT ablation strategies should be more comprehensive, and in addition to targeting the clinical AT, should also evaluate how potential AT circuits could contribute to future arrhythmia recurrence; [START_REF] Takigawa | Revisiting anatomic macroreentrant tachycardia after atrial fibrillation ablation using ultrahigh-resolution mapping: Implications for ablation[END_REF] given the high rate of complex AT recurrences, there is a need for re-evaluation of current substrate-ablation strategies for AF.

Figures legends

Figure 1 -CENTRAL ILLUSTRATION: Flowchart of the study with a summary of the principal characteristics of each type of atrial tachycardia. 

  Mapping 214 sustained AT were mapped in the above 132 patients (1 AT in 74 [56%]; 2 AT in 38 [29%]; 3 AT in 16 [12%] and 4 AT in 4 [3%]
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 23 Figure 2: Example activation map of the thee atrial tachycardia subtypes: A: focal atrial tachycardia, B: scar related localized reentrant AT, C: Anatomical macro-reentrant AT
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 4 Figure 4: Distribution of the different type of macro-reentrant AT in each arrhythmia substrate (BiAT: Biatrial tachycardia, CTI: cavotricuspid isthmus dependant flutter, PM: perimtral AT).
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 56 Figure 5: Evolution of atrial tachycardia cycle length in patients with multiple AT. (*: p=0.01)

Figure 7 :

 7 Figure 7: Characteristics of atrial tachycardia in patients with post AF ablation substrate depending on the initial ablation strategy. A: EGM guided strategy (stepwise); B: ECGi guided strategy; C: PVI only strategy. Upper panel: main characteristics and repartition of the number of atrial lines that had to be done at the end of that ablation process. Lower panel: distribution of AT types in patients with multiple AT.

  

  

  

  

  

  

  

  

  

Table 1 :

 1 Patients characteristics

	Clinical Characteristics (n=132)	
	Age, y	60±12
	Female, n (%)	31 (23%)
	LVEF, %	56±12
	LA volume, cm 3	146±41
	Hypertension, n (%)	48 (36%)
	Diabetes mellitus, n (%)	5 (4%)
	Stroke, n (%)	7 (5%)
	CHA2DS2Vasc score	1.4±1.2
	Structural Heart Disease, n (%)	33 (25%)
	Atrial substrate	
	Post AF ablation, n (%)	111 (84%)
	Post surgery, n (%)	5 (4%)
	Native atria, n (%)	16 (12%)
	Number of ablation procedure/patient	2.7±1.3
	Ablation strategy at index procedure in postAF ablation AT (n=111)	
	PVI only	7 (6%)
	PVI + stepwise ablation	77 (70%)
	PVI + ECGi guided ablation	

Table 3 :

 3 Mapping characteristics Comparison of the characteristics of circuit and critical isthmus between the different type of atrial tachycardia

	Mapping characteristics (n=214)	
	Left atria	
	LA points, n	15 200±7683
	LA volume, ml	147±41
	LA mapping time, sec	924±484
	LA mapping beats, n (%)	1 615±1294
	Right atria	
	RA mapping, n (%)	45 (21%)
	RA points, n (%)	8 238±7 596
	RA volume	114±81
	RA mapping time, sec	601±534
	RA mapping beats, n (%)	842±836
	Reannotation, n (%)	22 (10%)
	Mean reannotation points per map	
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