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Background
Despite great progress, the long-term outcomes of catheter ablation 

for long standing atrial fibrillation (LSAF) remain suboptimal [1],[2]. 
Pulmonary vein isolation (PVI) [3],[4] is recognized as the cornerstone 
for paroxysmal atrial fibrillation (AF) ablation [5],[6],[7] but insufficient 
as a stand-alone ablation approach for LSAF [8],[9].The adjunct of 
linear ablation lesion sets [10],[11],[12]; ablation of complex fractionated 
atrial electrograms (CFAE) [13],[14]; extensive ablation including 
the left atrial (LA) posterior wall [15], superior vena cava (SVC) 
[16], coronary sinus and LA appendage or even vagal denervation 
[17],[18] may improve outcomes slightly but compromises procedural 
complexity and safety [19],[20],[21].

We have found that the AF Nests (AFN) ablation had a favorable 
impact on the long-term outcome after a single procedure [22],[23]. It 
decreased overall recurrences as compared to our conventional PV 

antral isolation plus CFAE ablation [24]. Interestingly, following PVI 
and AFN ablation,most recurrences are caused by an organized, 
typically fast atrial tachycardia. This residual tachycardia often appears 
as a transitional rhythm during AF ablation upon its organization or 
termination,[Figure 1]

By using spectral analysis with Fast Fourier Transform (FFT) 
we have found that this tachycardia is present during AF, before 
ablation,[25] which we have named “Background Tachycardia” (BT)
[22],[26],[27]. Rapid atrial pacing following PVI and AFN ablation 
can also commonly induce one or more of these organized atrial 
tachycardias. By studying this tachycardia with spectral mapping 
we have found that it commonly arises from an AFN exhibiting 
a specific case of focal microreentry, (fractal microreentry[25]), 
characterized by entry block, which ensures its maintenance during 
AF without overdrive reversion by the AF itself. In this study, we 
evaluated the long-term outcome of BT ablation as an adjunct to 
PVI plus substrate modification by AFN ablation in patients with 
LSAF. In addition, we assessed the feasibility of identifying the BT 
by digital processing and spectral analysis of the AF on the surface 
electrocardiogram (ECG) prior to the ablation procedure.
Patients and methods 
Study Population

 In this prospective study were enrolled 114 consecutive patients with 
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Abstract
Background: Catheter ablation of long-standing persistent AF (LSAF) remains challenging. Since AF-Nest (AFN) description, we have 

observed that a stable, protected, fast source firing, namely “Background Tachycardia”(BT), could be hidden beneath the chaotic AF. Following 
pulmonary vein isolation (PVI)+AFN ablation one or more BT may arise or be induced in 30-40% of patients, which could be the culprit forAF 
maintenance and ablation recurrences.

Methods and Results: We studied 114 patients, from 322 sequential LSAF regular ablations, having spontaneous or induced residual BT 
after EGM-guided PVI+AFN ablation of LSAF; 55.6±11y/o, 97males (85.1%), EF=65.5±8%, LA=42.8±6.7mm. Macroreentrant tachycardias 
were excluded. Pre-ablationAF 12-leads ECG Digital processing(DP) and spectral analysis(SA) was performed searching for BT before AF 
ablation and its correlation with BT during ablation.After PVI, 38.1±9 AFN sites/patient and 135 sustained BTs (1-3, 1.2±0.5/patient) were 
ablated. BT cycle length(CL) was 246.3±37.3ms. In 79 patients presenting suitable DP for SA, the BT-CL was 241.6±34.3ms with intra 
procedure BT-CL correlation r=0.83/p<0.01. Following BT ablation, AF could not be induced. During FU of 13→60 months(22.8±12m), AF 
freedom for BT RF(+) vs. BT RF(-) groups were 77.9% vs. 56.4% (p=0.009), respectively. There was no significant complication.

Conclusions: BT ablation following PVI and AFN ablation improved long-term outcomes ofLSAF ablation. BT is likely due to sustained 
microreentry, protected during AF by entry block. BT can be suspected by spectral analysis of the pre-ablation ECG and is likely one important 
AF perpetuator by causing electrical resonance of the AFN. This ablation strategy warrants randomized, multicenter investigation.
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symptomatic persistent (AF that lasts longer than 7 days, including 
episodes that are terminated by cardioversion, either with drugs or by 
DC cardioversion, after 7 days or more) or LSAF (continuous AF 
lasting for ≥1 year when it was decided to adopt a rhythm control 
strategy), refractory to conventional medical treatment, in whom 
it was possible to induce at least one BT following PVI plus AFN 
ablation. The group encompasses patients with persistent and long-
standing persistent AF with a mean history duration of 13.5±14.3 
months, ranging from 2 to 62 months.Written informed consent was 
obtained from all patients prior to the procedure.
Mapping and Ablation Protocol 
  The procedures were performed under general anesthesia. A 
duodecapolar catheter was placed in the CS. Transeptal access was 
guided by transesophageal echocardiography. 3-D Electroanatomic 
mapping system (EnSiteNavX - St. Jude Medical) and a circular 
multi-electrode catheter were used for EGM-guided PVI. An open 
irrigation ablation catheter(Thermo-cool, Biosense Webster or 
Biotronik; 30W/45oC/17ml/minute) was used for radiofrequency 
(RF) delivery. Subsequently, if required, electrical cardioversion was 
performed to restore sinus rhythm.Following PVI, AFN sites were 
ablated being identified in sinus rhythm either by, conventional 
recording with filter settings of 100 and 300 to 500Hz pass-band 
to bipolar EGMs or by using a computerized spectrometer[22],[27],[28], 
[Figure 2].
Background Tachycardia (BT) 
    Following PVI plus AFN ablation, at least one BT was induced by 
decremental atrial pacing down to cycle length (CL) of 200ms from 
the distal coronary sinus (CS) or right atrium (RA). Macroreentrant 
atrial tachycardias were excluded. Only microreentry with a confirmed 

entry block was considered as BT,according to the following criteria:
1. Presence of entry block (unresponsive to overdrive suppression);
2. Radial distribution reproduced by pace-mapping; 
3. Presence of significant isoelectric line in all ECG leads and;
4. Focal ablation.
Ablation Endpoint 
  Our stepwise ablation strategy is presented in [Figure 3]. The 
procedure was terminated due to:
  Inability to re-induce sustained tachyarrhythmia;Successful BT 
ablation orUnsuccessful BT ablation requiring electrical cardioversion.
Post-Procedure Follow-up 
   All patients were followed in our AF clinics as well as via telephone 
and Internet. Strict rhythm monitoring was obtained, including 
ECG and 24h-Holter at 1, 3, 6 months and then yearly or whenever 
there was AF/AT recurrences and/or symptoms. The follow-up (FU) 
ranged from 13 to 60 months with a mean of 22.8 ± 12 months.
Spectral Analysis of ECG Prior to Ablation
     Seventy-nine of 114 patients (69.3%) had a suitable ECG for 
digital QRS-T wave subtraction(≥5 minutes of 12-lead noise-

Table 1: BT ablation outcome. AA: antiarrhythmic drugs; *Kaplan-Meier 
Cumulative Survival.

BT Ablation Outcome N % Success without AA
(60 months*)

P

RF Termination, RF(+) group  62 54.4 77.9%

Non-RF Termination, RF(-) 
group

52 45.6 56.4%

Spontaneous Reversion 22 19.2 p=0.009

External Cardioversion 15 13.2

Mechanical Reversion 15 13.2

Figure 1:

Features of the compact (above) and fibrillar myocardium (below: 
AF-Nest 22,27,30) in the time domain (left) and in the frequency 
domain – spectral analysis by FFT (right). In this study, both 
methods were used after PVI.

Figure 2:

Study design. Only patients in whom it was possible to induce and 
characterize at least one BT following PVI and AFN in the same 
session were included. The cases were followed and compared 
according to RF reversion, RF(+) group or non-RF reversion, RF(-) 
group.

free ECG in AF without aberrancy, ventricular ectopic beats and 
significant pauses), [Figure 5]. A customized system was used for 
QRS-T averaging, digital subtraction and spectral analysis of the 
isolated atrial activity. The fundamental frequency achieved by 
integrating the FFT of each 12-leads was compared with the BT 
frequency obtained after PVI plus AFN ablation.
Statistical Analysis 
     Quantitative data are shown as the mean value ± standard 
deviation.Normality was evaluated by the Kolmogorov-Smirnov test. 
Paired-samples two-tailed t-test was applied to establish comparisons 
between continuous data before and after BT ablation.Survival 
analysis was obtained with Kaplan-Meier. A Pearson’s correlation 
was applied to test the real BT frequency with the suspected BT 
frequency obtained by spectral analysis of the ECG before ablation.
Statistical analysis was performed using IBM SPSS StatisticsVersion 
19 software. All values were considered statistically significant at 
two-tailed value less than 0.05.
Results
   From a cohort of 322 consecutive persistent and long standing 
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atrial fibrillation ablation, after isolation of the pulmonary veins and 
AF-Nests ablation, it was possible to induce a tachycardia compatible 
with BT in 114(35.4%) subjects, 97 males (85.1%).The mean age 
was 55.6±11 (24-77) years. The mean left atrial (LA) diameter 
was 42.3±7 (27-67) mm, and the mean left ventricle (LV) ejection 
fraction by transthoracic anteroposterior echocardiographyview 
was 65.5±8 (47-76%). The AF-Nests were most frequent in the PV 
antrum, at the interatrial septum, in the left posterior septal space, in 
the cristaterminalis, at the superior vena cava insertion and close to 
the coronary sinus ostium.
PVI and AFN ablation
  EGM-guided PVI was achieved in all patients. Subsequently, 
filtered conventional or spectral mapping was applied to guide AFN 
ablation (mean of 38.1±9 AFN per patient). Following PVI and 
AFN ablation, 135 BT were induced, 1.2±0.5 per patient, ranging 
from one to three, one in 92 patients (80.7%), two in 14 patients 
(12.3%) and three in 8 patients (7%).The ablation BT outcomes are 
presented in [Table 1].
BT Ablation 
   BT was successfully ablated in 62 patients (54.4%), RF(+)group. 
On the other hand, BT ablation could not be completed in 52 
patients (45.6%), RF(-)group due to spontaneous reversion while 
mapping (22); mechanical reversion by the catheter (15) or electrical 
cardioversion due to prolonged procedure time (15), [Table 1].

   The mean fluoroscopy time was 49.4±18 minutes and the 
average total procedure time was 4.3±1.4 hours. There were no 
significant major complications. Two patients exhibited BT in the 
atrioventricular (AV) node region successfully ablated but leading 
to transient 2nd degree, type I AV block in one and transient 
complete AV block in the other. Groin hematomas occurred in three 
patients and arterial-venous fistula, treated by ultrasound transducer 
compression, occurred in one patient.
    After a mean follow-up of 22.8±12 months (13-60 months) AF 
free survival, defined as no AF or BT without antiarrhythmic drugs 
was 77.9% in RF(+) Group and 56.4% in the RF(–) Group (p=0.009), 
[Figure 4].
Researching for the BT before Ablation by Spectral Analysis 
of the ECG
     The BT frequency obtained by digital processing and spectral 
analysis of the extracted atrial activity on a pre-ablation ECG was 
compared with the actual spontaneous or induced BT frequency 

Table 2:

Location of the focus of the last BT defined by RF BT interruption and 
sinus rhythm recovery. Typically, they were found in the AFN areas. 
ND: not defined / not mapped (cases with spontaneous or mechanical 
reversionby the mapping catheter or who were cardioverted due to 
prolonged procedure). See Figure 5 for more details (the cells’ colors 
show the BT lication in the map) . IA: interatrial.

Atrium Site N %

RA41 (35.9) RA wall 26 22.8

RA AV node 3 2.6

RA IA septum 12 10.5

LA 40 (35.1) LA wall 7 6.1

LA IA septum 13 11.4

LA PV 17 14.9

CS ostium 3 2.6

Not Defined 33 28.9

Total 114 100.0

Figure 3:
Cumulative Kaplan-Meier survival curves comparing the outcome 
(up to 60 months) of group RF(+) (reverted by RF) with group RF(-) 
(non-RF reversion). 

Figure 4:

Methodology to search the BT in the ECG before ablation. At the 
end, it allows the spectral analysis of isolated atrial activity from 
the conventional ECG. A: standard ECG; B: pure QRS-T without AF, 
obtained by digital signal averaging of the whole ECG; C: QRS-T 
subtraction from the tracing A obtaining a clean and continuous 
AF without ventricular activity; D: the spectrum of “isolated AF” 
is obtained by applying Fourier in C and integration of the 12-
ECG leads. In this example, there is a clearly dominant peak that 
matches a tachycardia with a frequency of 4.3Hz (231ms/260bpm) 
and six other non-sustained (*). The main one is likely one AF 
perpetuator in this case, keeping the AFN resonating under high 
frequency stress.

by endocardial mapping during ablation, [Figure 5]. Only stable 
ECG,suitable for digital processing (lasting five minutes or more, 
free of noise, significant pauses, ventricular ectopic beatsand 
aberrancy),obtained in 79 patients (69.2%), were included in this 
analysis.There was a high positive correlation in predicting BT 
CL from the surface ECG (2-tailed Pearson positive correlation 
coefficient r = 0.83, p<0.01), [Figure 6].
Discussion 

In this prospective study, we describe an ablation strategy for 
patients with LSAF. In addition to PVI, it includes the adjunctive 
ablation of AFN and spontaneous or inducible specific residual atrial 
tachycardia, namely BT.

In this study BT was considered when stable rapid atrial tachycardia 
was obtained under the following conditions:

1. During AF ablation the atrial rhythm often evolved to a rapid 
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following features:
1. High frequency,
2. Entry block characterized by the absence of “reset” and the 
impossibility of interference or overdrive reversion. This property 
shows that this tachycardia is protected by an entry block which 
allows the tachycardia to exist even during AF, preventing it to be 
reverted by the large number of stimuli under the AF electrical storm,
3. Focal origin suggested by electroanatomical mapping, by means of 
entrainment and punctual elimination, without the need of blocking 
lines;
4. Surface ECG with isoelectric line suggestive of focal tachycardia 
rather than macroreentry [Figure 7],
5. The origin of focal microreentry protected with entry block is 
also suggested by the impossibility of reversion by overdrive, but by 
the immediate stopping with cardioversion, suggesting that it is not 
originated by hyperautomatism.

 Tachycardias with BT features were induced only in 114 (35.4%) 
of 322 LSAF cases. This means that PV isolation and AF-Nests 
ablation was probably sufficient to eliminate a great number of non-
discovered BTs. Interestingly, BT with similar rates could be suspected 
on surface ECG during AF, prior to ablation, by spectral analysis of 
the surface AF recording without the QRS-ST complex. Successful 
BT ablation had a significant impact on long-term procedural efficacy 
with a 2-year AF freedom. The lack of statistical significance between 
the two groups (RF+ versus RF-) in the variables known to influence 
the clinical outcome reinforces this hypothesis, [Table 2].

Additionally, it is conceivable that AF-Nests ablation contributed 
to the favorable outcomes as even patients in whom we could not 
eliminate the BTs, experienced no recurrences in 82% at 2 years post 

and regular tachycardia. From that moment on, although we no 
longer had FA, we still had a sustained atrial tachycardia;

2. In many cases, at the end of ablation, having the sinus rhythm 
recovered, the rapid atrial stimulation (up to 300ppm) even no longer 
inducing AF, it was able to reproduce a fast and sustained regular 
atrial tachycardia.

From this moment onwards, having excluded atrial flutter and 
gross atrial macroreentry tachycardias, we compared this tachycardia 
with the dominant frequency obtained by spectral analysis using 
FFT applied to the pure AF signal (after QRS-T subtraction) before 
ablation. This spectral analysis, prior to AF ablation, clearly indicates 
that there is at least one organized dominant tachycardia under in 
the AF environment. The most interesting is that the frequency of 
this tachycardia had a high positive correlation with the residual 
tachycardia found after ablation and considered BT in this study. This 
suggests that this tachycardia probably exists before ablation, hereafter 
being called “Background Tachycardia”. Even more interesting is the 
fact observed in this study that the attempt to ablate this BT seems 
to greatly increase the long-term success rate of the long-lasting AF 
ablation.

In this study, we found that these tachycardias usually present the 

Figure 5:

The mean BT frequency by ECG analysis before AF ablation was 
253.3±35.6bpm (CL=241.6±34.6ms) and the mean BT frequency 
after AF ablation was 249.1±37.3bpm (CL=246.3±37.3ms) with 
a high Pearson 2-tailed positive correlation coefficient r = 0.83, 
p<0.01).

Figure 6:

Recurrence three months after ablation. Usually the complaint of 
palpitation with rapid and irregular pulse leads to the diagnosis 
of AF. Indeed, D1 and V2 leads can be confused with AF. However, 
careful analysis of V1 suggests a regular fast atrial tachycardia 
instead of AF (typical of BT). This diagnosis is fundamental, as 
the treatment must target BT focal ablation rather than a new 
conventional AF ablation.

Figure 7:

Regular tachycardia induced after PVI and AFN ablation in the 
same patient of the Figure 4. Instead of AF, it was induced a very 
rapid atrial tachycardia matching the frequency predicted by 
the ECG spectral analysis, before ablation. It suggests that this 
tachycardia existed before ablation and is likely responsible for 
the maintenance of AF (BT). Prior the ablation, the noise caused by 
the AFN resonance precludes the visualization and mapping of this 
tachycardia. CSm: recording of atrial activity within the coronary 
sinus.

ablation. As the study suggests, those atrial sites exhibiting AF-Nests 
may also harbor BTs. This could reflect at least a transient modification 
or elimination of the critical substrate responsible for initiation and 
maintenance of AF, even without complete PVI or even with PV 
reconnection. Undeniably, further substrate and/or modulators may 
emerge over time leading to AF and/or BTs recurrences.

Our concepts of AFN and BT are summarized below since they 
may contribute to explain or have pathophysiologic implications for 
the mechanisms of LSAF[22],[29]. Ongoing and future investigations 
may further solidify these findings in that the AFN and BT are 
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and blending of different conductive and non-conductive tissues 
gives rise to the very distinct AFN spectral properties.Despite 
potentially anisotropic, there is normal conduction through the 
AFN during sinus rhythm; where as at faster rates they trigger 
repetitive responses (electrical resonance[35]) likely due to progressive 
micro-reentries(fractal microreentry) creating a self-limited but an 
essential AF substrate even in the absence of disease[27].The spectral 
analysis has endorsed that the AFN electrical resonance is the main 
responsible for the irregular and intense electrical noise visible on 
the baseline AF ECG[22],[35].Nevertheless, as the resonance is a self-
limited decremental oscillatory phenomenon, it may account for 
paroxysmal AF, however long-standing and permanent AF require 
one or more continuous, uninterrupted driver such as BT, suspected 
on pre-procedure ECG during AF and showed after, during ablation, 
[Figure 5]. The electrical noise caused by AFN resonance precludes 
the BT visualization, but with progressive AFN ablation,the noise 
decreases or disappears allowing the BT visualization.Extensive 
AFN ablation makes the AF reinduction very difficult. Following 
PVI and unintentional AFN ablation during AF, the rhythm may be 
progressively organized and may convert into a fast, regular residual 
atrial tachycardia, here described as “Background tachycardia”, 
[Figure 1].
Uncovering the BT in the ECG before Ablation 

Based on earlier observations of BT behavior as a potentialAF 
sustainer, we postulated that it could be extracted from the previous 
conventional ECG with AF. This was achieved by using spectral 
analysis of the isolated atrial activity extracted from the AF ECG 
before ablation. With a specific methodology and software[25], [Figure 
5], we found that the anticipated BT frequency had a strong positive 
correlation with the frequency of actual BT induced after ablation 
with 2-tailed Pearson correlation coefficient equal to 0.83 (p<0.01) 
having the normality confirmed with Kolmogorov-Smirnov test, 
[Figure 6]. This is a significant indication that BT actually coexists 
during AF, protected by entry block, and probably plays a role like 
a “clock” perpetuating the AF. These findings show that, under the 
apparent chaotic LSAF atrial activity, there is at least one organized 
fast tachycardia, [Figure 5], in which the spectral analysis shows more 
six ancillary and non-sustained BTs contributing to the complex 

important players inthe LSAF physiopathology. 
Background Tachycardia (BT) 

The assessment of BT electrophysiological properties and 
its structural correlates is challenging and was not the purpose 
of this study. However, typically a BT [Figure 7] consists of a 
fast (249.1±37.3bpm, CL=246.3±37.3ms), focal microreentrant 
tachycardia exhibiting entrance block due to lack of resetting and 
overdrive suppression. Rarely, by using high pacing output (20 
mA/1.5ms) directly over a BT site, we could revert it. This seems 
to work as an AFN micro-cardioversion. Nevertheless, this was not 
evaluated systematically ever since our purpose was to revert the 
BT by ablation.BT spectral analysis suggests that it is formed by 
a specific type of microreentry (fractal microreentry)explaining its 
main feature, the entry block.

It is likely that one or more unrecognized BTs coexist during 
AF and may even play a “clock” role, protected by entry block, 
perpetuating AF. Interestingly, there was a significant distribution 
of BTs in RA 35.9% vs. 35.1% in LA. However, since PVI and AFN 
ablation in the LA were performed prior BT induction, it is probable 
that some LA BTs were unintentionally eliminated underestimating 
the actual number of BTs in the LA. However, the presence of BTs 
in RA suggests that this chamber should be systematically treated in 
LSAF ablation, [Figure 9].
AFNests Ablation

The AFNwere described in the nineties, even in the normal heart, 
by scanning the atrial endocardium with on-line spectral analysis 
in sinus rhythm[22],[27],[30],[31],[32].Recently, their relationship with the 
neuro-myocardial interface was confirmed[33] as suggested by the 
original study[22].This technique revealed that AFN are atrial clusters 
of fibrillar myocardium, which main feature is cell-to-cell electrical 
disconnection.AFN are different from CFAEs[28]. They exhibit 
a heterogeneous, multi-peak frequency spectra in sinus rhythm. 
The AFN favor anisotropic conduction[34],are possible sources for 
microreentry and electrical resonance[35] and may give us some insight 
on why AF can occur in apparently normal hearts without fibrosis, 
in which are clearly related to the insertion of the veins (pulmonary 
veins, coronary sinus and cava veins) and to the neuro-endocardial 
interface[27],[33],[36],[37]. In all these areas, a significant intersection 

Figure 8:

Upper: 3-D geometric endocardial reconstruction of the left and 
right atria by electro-anatomic mapping. The red dots represent 
AFNs ablated with RF. There is an AFN group in the anterior-
inferior wall of the RA nesting the BT focus reverted by RF ablation 
in a very small area (focal ablation). Lower: BT reversion during 
RF application in the RA lower anterior region as shownon the 
electroanatomic mapping(upper).

Figure 9:

Tracings of the same patient before and after AFN ablation. 
Instead of reverting the AF, the ablation resulted in a progressive 
rhythm organization, exposing BT after eliminating the resonance 
noise. The observation of this group of patients suggests that this 
type of tachycardia exists during AF before ablation, protected by 
an entry block. It works as one AF maintainer or clock. SCO: sinus 
coronary ostium.
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it brings new mechanistic insight in AF physiopathology.Another 
very likely association may exist between BT and focal sources or 
microre entry recently described by Haissaguerre and colleagues 
by utilizing a high resolution, 3-D body surface mapping system 
“ECGI” integrated with a pre acquired cardiac CT scan[41]. As we 
have described, the numbers and distribution of BT are similar to 
their findings using ECGI during AF.

Even though both computerized mapping systems may allow 
ablation during AF, our approach includes ablation of other critical 
tissue / substrate such as the AFN sites in addition to BT as driving 
sources, accounting for our satisfactory long-term outcomes.
Study Limitations

 The incidence of BT following ablation of LSAF may be greatly 
dependent on the actual ablation strategy and stimulation protocol. 
Since we performed PVI and extensive AFN ablation, BT could 
only be observed in 35.4% of 322 patients. The incidence of BT 
could have been higher without AFN ablation (note that BT was 
apparently present on pre-ablation ECG in all patients with suitable 
ECG, 69.3%) or lower incidence with a less aggressive stimulation 
protocol. We were fairly aggressive by including rapid atrial pacing 
up to 300 ppm. The lack of a standard protocol for AF induction post 
AF ablation is a limitation of this and others AF ablation studies.

Future software versions of the ECG spectral analysis will overcome 
current limitations requiring long, stable and low noise recording, 
without ventricular ectopic beats, aberrancy or major oscillations of 
RR, QT intervals and baseline, which precluded ECG analysis in 
30.7% of patients in this initial trial.

In addition, the adjunct of AFN ablation to PVI may have accounted 
to a fairly satisfactory ablation outcome even in the RF(-) group with 
incomplete BT mapping and ablation. The AFN mapping without 
spectroscopy may be less accurate, however, as it was a complement to 
PVI and under specific filter settings, we believe that this presumed 
limitation has been irrelevant.

An implantable loop recorder was not used to assess the outcome 
of our ablation strategy. All patients were followed up by the 
conventional resources utilized in most studies, irrespective of BT 
ablation results.

Even though the BT concept here described may be the critical 
driving source for LSAF, our mapping and ablation strategy lack the 
ability to target BT during AF.

Unfortunately, we still cannot accurately identify the BT during 
AF, however it was possible to find that the spectral analysis of 
pure AF signal (without QRS-T) prior to ablation, has a dominant 
frequency with a high positive correlation with the BT frequency 
obtained after ablation, suggesting that they could be the same 
tachycardia. At this moment, we are working deeply on this issue, 
because when to be possible to identify the BT during AF, we could 
start the long-standing AF ablation by a focal ablation, reverting the 
AF and isolating the PVs subsequently.

Additionally, this study did not have the merit of analyzing the 
pathological characteristics of the foci-related tissues as well as the 
voltage mapping. These questions will be extremely important in the 
next studies.
Conclusions 

The adjunct of Background Tachycardia ablation to PVI and 
AF-Nests ablation was safe and improved long-term results of 
long-standing AF ablation. Background Tachycardia is likely due 
to sustained microreentry, protected during AF by entry block. It 

AF electrical activity. The interaction of these very fast tachycardias 
with the dynamic changes of the atrial refractory period may cause 
intermittent spiral activation, possibly given rise to“rotors” and “spiral 
waves”.
AF Physiopathology Based on Spectral Study and Background 
Tachycardia

 The [Figure 10] shows a model of the possible participation of at 
least one BT in the AF physiopathology.
Insights About the Futur of AF Ablation

BT facilitates the understanding of the physiopathology of AF 
using spectral analysis concepts. In addition, we are exhaustively 
seeking for a way to identify the BTs prior to AF ablation, during AF. 
When this became possible, it is likely that we will be able to revert 
a long-lasting AF with focal ablation and only then, in sinus rhythm, 
to perform the PVs isolation, simplifying the procedure of persistent 
and long-lasting AF. Our expectation is that the evolution of the 
technology around this concept could improve the understanding of 
the AF physiopathology, simplify the ablation of refractory AF cases, 
improve the outcome for the patient and reduce the effort of the 
electrophysiologist.
Relationship with BT to Rotors and Microreentryduring AF

Although beyond the scope of this study, it isplausible that the 
BT isone driving source for LSAF as described by Jalife[38],[39], and 
Narayan[40], expressed as rotors with AF termination by ablating these 
stable presumed sources. The ability of AF re-induction following 
rotor ablation is not yet well established clinically. In our study, 
following AFN and BT ablation, AF is typically not inducible. We 
have observed that some BT, especially the ones with high frequency, 
may show a behavior compatible with rotors. It may be due to the 
perifocal atrial refractory period dynamics, promoting constant, rapid 
and progressive changes in the perifocal activation leading to “spiral 
activations”.

Our approach precludes mapping and ablation of BT before PVI 
and AFN ablation whereas a computerized system allows mapping-
guided rotor ablation as utilized in the CONFIRM trial[40]. However, 

Figure 10:

AF physiopathology based on the BT and AF-Nests. A fast BT 
keeps the “Fibrillar Myocardium” (AF-Nests) resonating with very 
fast and disorganized electrical activity (B)   while the “Compact 
Myocardium” shows a regular and organized response (A). LSAF 
results from the sum of all these electrical activities (A+B). A 
“coarse AF” may appear if A>B and “thin AF” may arise case 
B>A and/or by the presence of more than one BT. The BT survival 
is assured by the entrance block and the LSAF and even the 
permanent one may be reinforced by the presence of more than 
one BT.
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can be revealed during AF by ECG spectral analysis and is likely 
one important driver that perpetuates AF by causing resonance of 
specific tissues, namely the AF-Nests. Our findings may bring new 
insight into the physiopathology of long-standing AF. This ablation 
strategy warrants randomized, controlled, multicenter investigation.
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