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Abstract

Background: Effects of nonparoxysmal atrial fibrillation (non-PAF) ablation targeting

complex fractionated atrial electrogram (CFAE) areas and/or low voltage areas

(LVAs) are still controversial.

Methods and Results: A recently developed online real-time phase mapping system

(ExTRa Mapping) was used to conduct LVA mapping and simultaneous ExTRa and CFAE

mapping in 28 non-PAF patients after pulmonary vein isolation (PVI). Nonpassively acti-

vated areas, in the formofmeandering rotors and/ormultiplewavelets assumed to contain

non-PAF drivers, partly overlappedwith CFAE/LVAs but not always coincidedwith them.

Conclusion: Real-time rotor imaging, rather than conventional indirect indicators

only, might be very useful for detecting non-PAF drivers.
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1 | INTRODUCTION

As atrial fibrillation (AF) is a major cause of cerebral infarction and

heart failure, and the prevalence of AF increases with age, its treat-

ment is an urgent task in this aging society. Pulmonary vein isolation

(PVI) is widely accepted as the standard ablation strategy for paroxys-

mal AF (PAF).1 In contrast, a PVI alone appears to be an insufficient

ablation strategy for patients with nonparoxysmal AF (non-PAF),

including both persistent AF (lasting more than 7 days but less than

1 year) and long-standing persistent AF (lasting more than 1 year).

Thus, modulation of AF drivers (or perpetuators) by catheter

ablation targeting indirect indicators of AF drivers, such as complex

fractionated atrial electrograms (CFAEs),2 has been proposed as one

of the effective ablation strategies for non-PAF. However, a recent
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clinical study, the STAR AF II,3 showed that a CFAE-targeted abla-

tion after a PVI has no apparent additional benefit in patients with

non-PAF.

As an alternative ablation strategy for non-PAF, ablation target-

ing low voltage areas (LVAs) detected by voltage mapping during

sinus rhythm or coronary sinus pacing has been proposed.4 How-

ever, because such an indirect indicator of AF drivers is not based

on the excitation wave dynamics during AF, the relationship of the

LVA to the location of the real AF drivers is still unclear.

For these reasons, real-time imaging of AF wave dynamics in

clinical practice is required for detecting real AF drivers and improv-

ing the outcome of the non-PAF ablation. Thus, the goals of this

study were to visualize the excitation wave dynamics during AF in

patients with non-PAF by employing our novel online real-time

phase mapping system and to investigate whether the above-men-

tioned indirect indicators really reflected the real AF drivers.

2 | METHODS

2.1 | Novel real-time phase mapping system

We have developed an online real-time phase mapping system

(ExTRa MappingTM, Nihon Kohden Co., Tokyo, Japan), as shown in

Figure 1. Because this phase mapping system was based on 41 bipo-

lar intra-atrial electrograms (including 9 virtual electrograms)

recorded by a 20-pole spiral-shaped catheter with a diameter of

2.5 cm (Reflexion HDTM, St. Jude Medical Inc., MN, USA), the map-

ping system achieved a high signal density (~8 signals/cm2). Based

on the 5-second wave dynamics during AF, each phase map movie

was fully automatically created with the ExTRa Mapping within a

few seconds and was immediately played at a 1/10 speed for

50 seconds.

To improve the detection and spatiotemporal interpolation of the

intra-atrial signals and to achieve a rapid prediction of the atrial exci-

tations during AF, both computer simulation (in silico) part and spe-

cialized artificial intelligence part were incorporated into the system.

Combined with the timing of the action potential onset determined

by the intra-atrial signals, the in silico part calculated the virtual atrial

action potentials based on the in silico model of human non-PAF.5

Therefore, the virtual action potentials during non-PAF could faith-

fully reproduce the restitution properties of human atria under struc-

tural remodeling.

2.2 | Patient characteristics and study protocol

Forty-nine consecutive patients with non-PAF scheduled to undergo

catheter ablation in the Shiga University of Medical Science hospital

were enrolled in this study. Then, ExTRa Mapping was applied to

the patients with non-PAF if AF inducibility was confirmed after the

PVI. Antiarrhythmic drugs, except for amiodarone, were discontinued

at least 3 weeks before the ablation, and no antiarrhythmic drugs

were added after the ablation. Informed consent was obtained from

each patient and was approved by the ethics committee in Shiga

University of Medical Science.

Then, in the whole left atrium (LA) during AF, phase mapping

using the ExTRa Mapping and CFAE mapping using the electro-ana-

tomical mapping 3D navigation system (EnSite NavXTM, St. Jude

Medical Inc., MN, USA) were performed simultaneously. To avoid

the excess overlap of the ExTRa Mapping regions, the CFAE map-

ping was conducted simultaneously. As for the CFAE mapping, a def-

inition of the excitation cycle length of below 120 ms was

employed.

To rapidly find the location of non-PAF drivers, nonpassively

activated areas (NPAs), in which rotational activations were fre-

quently observed, were automatically detected by the ExTRa Map-

ping. In this study, the NPAs in each patient were determined

according to the value of the “nonpassively activated ratio (%NP)”

(the ratio of the nonpassively activated period to the recording time)

automatically calculated based on the 5-second real-time phase map

movies created by the ExTRa Mapping.

Also voltage mapping after the electrical cardioversion was per-

formed in the same patients with non-PAF. In this study, the LVA

F IGURE 1 Novel online real-time phase
mapping system (ExTRa MappingTM). Intra-
atrial bipolar electrograms recorded by a
20-pole spiral-shaped catheter during atrial
fibrillation (AF) in patients with
nonparoxysmal AF (non-PAF) are
transferred into an in silico analysis system
to calculate virtual action potentials and
phase values. Then, the mapping system
combines the intra-atrial bipolar
electrograms with the virtual action
potentials to create spatial phase map
movies within a few seconds. Snapshots of
the typical non-PAF wave dynamics
visualized by the ExTRa Mapping are
shown in the top right 3 panels
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was defined as an area, of which the intra-atrial bipolar signal ampli-

tude was below 0.5 mV.

The overlap of NPA with LVAs was determined if the LVA occu-

pied ≥20% of each NPA. Also, that with CFAE areas was determined

if the CFAE areas occupied ≥50% of each NPA.

2.3 | NPA-targeted ablation procedure

Based on a dozen or more phase map movies recorded in the entire

LA in each patient with non-PAF, several NPAs that had the top 4

or top 5 highest %NP values were chosen as the ablation targets.

This approach was based on our idea that real AF drivers were con-

tained in the NPAs where rotational activations in the form of rotors

and/or multiple wavelets were most frequently observed during the

5-second recording time. The recording time was decided according

to the %NP reproducibility in our preliminary study (unpublished).

Both the NPA detection and NPA-targeted ablation were per-

formed only if AF was still sustained (or sustained AF was easily initi-

ated) even after an extensive encircling PVI and cavotricuspid isthmus

(CTI) ablation. The end point of the NPA-targeted ablation was to

modify the electrical and/or anatomical properties of the NPAs. The

ablation was achieved by dragging technique filling the NPA (25-30 W

for 10-20 seconds per ablation point, thus 4-5 minutes per NPA).

To confirm the AF inducibility after the ablation, an isoproterenol

infusion (0.3-0.4 mcg/h/kg) and an atrial burst pacing protocol (10-

15 mA, ~30 beats, minimum 180 ms or 2:1 response) were employed.

For the pacing sites, coronary sinus distal and proximal parts, superior

vena cava, and lower lateral wall of right atrium were employed.

2.4 | Evaluation of the outcome of non-PAF
ablation

After the ablation, the patients were monitored every 1-3 months

using the 12-lead ECG and the event ECG monitors for 2-4 weeks.

AF recurrence was defined as AF of duration ≥30 seconds was doc-

umented more than several times after the 3-month blanking period.

To evaluate the outcome of non-PAF ablation with a Kaplan-

Meier estimate, EZR software6 was employed.

3 | RESULTS

3.1 | Clinical characteristics

The clinical characteristics of all 49 consecutive non-PAF patients

and of the 28 non-PAF patients with AF inducibility after PVI are

shown in Table 1. It is noteworthy that the non-PAF duration in the

patients who underwent an ExTRa Mapping-guided ablation was

38 � 63 months, and 15 patients (54%) had long-standing persistent

AF. Both the mean LA diameter, measured by transthoracic echocar-

diography (45 � 6 mm), and the mean blood concentration of the

brain natriuretic peptide (BNP) (159 � 105 pg/mL) in the ExTRa

Mapping-guided ablation patients clearly exceeded each normal

range (40 mm and 18.4 pg/mL, respectively). Such LA dilation and

BNP increase did not conflict with the typical features of patients

with non-PAF.

Among the 28 patients with non-PAF who underwent the ExTRa

Mapping, 5 typical cases that provided us some hints on clarifying

the mechanisms of AF persistency and on proposing a novel ablation

strategy were chosen.

3.2 | Five typical cases who underwent ExTRa
Mapping for non-PAF ablation

3.2.1 | Case 1: Long-standing persistent AF

Case 1 was a 66-year-old female with non-PAF duration of

2.2 years. As the AF did not spontaneously terminated after PVI,

voltage mapping was conducted following electrical cardioversion.

Then, the AF inducibility was confirmed by burst pacing at LA and

simultaneous ExTRa and CFAE mapping during the AF was

performed.

LVAs were widely distributed within the LA (Figure 2A), but no

obvious CFAEs were observed in the entire LA (Figure 2B). The 4

black open circles in Figures 2A, B represent NPAs (areas with the

top 4 highest %NP values) detected by the ExTRa Mapping. Fig-

ure 2C shows a snapshot of a phase map movie (Video S1) in one of

the NPAs. In the NPA, counterclockwise rotational activations in the

TABLE 1 Patient characteristics

All
non-PAF
patients
(N = 49)

Non-PAF
patients with AF
inducibility after
PVI (N = 28)

Age, mean�SD, y 63 � 9 64 � 10

Male, n (%) 37 (76) 21 (75)

Duration of all types AF,

mean�SD, mo

78 � 107 83 � 121

Duration of persistent AF,

mean�SD, mo

29 � 52 38 � 63

Long-standing persistent AF, n (%) 21 (43) 15 (54)

CHA2DS2-VASc score, mean�SD 2.3 � 1.7 2.4 � 1.8

Echocardiographic parameters

Left ventricle ejection

fraction, mean�SD, %

55 � 9 56 � 8

Interventricular septum,

mean�SD, mm

10 � 1 10 � 1

LA diameter, mean�SD, mm 43 � 6 45 � 6

LA appendage flow,

mean�SD, m/s

0.31 � 0.15 0.33 � 0.17

BNP, mean�SD, pg/mL 173 � 132 159 � 105

Previous session,

n (%)

8 (16) 6 (25)

CHA2DS2-VASc score was defined in the 2010 European Society of Car-

diology (ESC) guidelines.

AF, atrial fibrillation; BNP, brain natriuretic peptide; LA, left atrium; Non-

PAF, nonparoxysmal AF.
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form of meandering rotors frequently appeared, and multiple wave-

lets were shortly observed. Surprisingly, this NPA was neither an

LVA nor a CFAE area.

Thus, 2 of the 4 NPAs did not overlap with LVAs (Figure 2A),

whereas all 4 NPAs did not overlapped with CFAE areas (Figure 2B).

However, it was experienced that ablation targeting such 4 NPAs,

where conventional indirect indicators did not predict the existence of

AF drivers, was effective in those patients to maintain sinus rhythm

during a 9-month follow-up. Please note that in this case, the CFAE

areas were not ablated and only a part of the LVAs was ablated.

3.2.2 | Case 2: Long-standing persistent AF

Case 2 was a 49-year-old male with non-PAF duration of 7 years. In

this case as well, AF did not spontaneously terminate after PVI, and

voltage mapping was conducted after cardioversion. Then, simultane-

ous ExTRa and CFAE mapping was performed after confirming the

AF inducibility.

LVAs were distributed only in the region from mitral isthmus to

bottom left of the LA posterior wall (Figure 3A), and CFAE areas

were distributed in a patchy fashion over the entire LA (Figure 3B).

Again, the 5 black open circles in Figures 3A, B denote NPAs (areas

with the top 5 highest %NP values) detected by the ExTRa Mapping.

Figure 3C shows a snapshot of the phase map movie (Video S2) in

one of the NPAs. In the NPA, clockwise or counterclockwise rota-

tional activations in the form of meandering rotors or multiple wave-

lets were observed. This NPA was not an LVA but a CFAE area.

The NPAs (black open circles) did not always overlap with LVAs

(Figure 3A) and/or CFAE areas (Figure 3B); 2 of the 5 NPAs were

LVAs and 3 of the 5 NPAs were CFAE areas. Again, in this case, the

NPAs were chosen as ablation targets regardless of whether the NPAs

were LVAs and/or CFAE areas. It was then experienced that the NPA-

targeted ablation was effective in that patient to maintain sinus

rhythm during a 10-month follow-up. Please note that in this case,

only a part of the LVAs and a part of the CFAE areas were ablated.

3.2.3 | Case 3: Long-standing persistent AF

Case 3 was a 69-year-old male with non-PAF duration of 1.2 years.

In this case, voltage mapping (Figure 4A) was conducted before PVI

F IGURE 2 Case 1: 66-year-old female,
long-standing persistent AF (2.2 years). A,
Voltage map after cardioversion. B, CFAE
map during AF. Black open circles in
panels A and B represent nonpassively
activated areas (NPAs) detected by the
ExTRa Mapping. The %NP values in the 4
NPAs were 82%, 53%, 51%, and 51%. C,
An example of a phase map in one of the
NPAs. Video S1 demonstrates the relevant
phase map movie

F IGURE 3 Case 2: 49-year-old male,
long-standing persistent AF (7 years). A,
Voltage map after cardioversion. B, CFAE
map during AF. Black open circles in
panels A and B are NPAs detected by the
ExTRa Mapping. The %NP values in the 5
NPAs were 100%, 77%, 63%, 61%, and
56%. C, An example of a phase map in one
of the NPAs. Video S2 demonstrates the
relevant phase map movie
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because the AF was terminated by electrical cardioversion. After the

PVI followed by CTI ablation, the AF inducibility was confirmed by

burst pacing, and simultaneous ExTRa and CFAE mapping was con-

ducted (Figure 4B).

Figure 4C shows a snapshot of the phase map movie (Video S3)

in one of the NPAs (areas with the top 4 highest %NP values)

detected by the ExTRa Mapping. In the NPA, unstable short-lived

meandering rotors or figure-of-eight type reentries were frequently

observed. The adjacent NPAs were distributed from posterior wall to

bottom of the LA. This suggests that rotors contributing as AF dri-

vers largely meandered only within the adjacent NPAs.

Indeed, the ablation targeting such NPAs as these 4 NPAs (Fig-

ure 4D) was effective in maintaining sinus rhythm for the long-term

(free from AF during 18-month follow-up). As a matter of fact, nonclini-

cal atrial tachycardia (AT)-like organized AF in right atrium was induced

just after the NPA-targeted ablation. However, no such an AT-like

arrhythmia as well was not observed during the 18-month follow-up.

As for the relationship between the conventional indirect indica-

tors suggesting the existence of AF drivers, it was observed that the

spread of LVAs and CFAE areas in the LA was somewhat limited,

but 2 of the 4 NPAs overlapped with LVAs (Figure 4A), and 1 of the

4 NPAs overlapped with CFAE areas (Figure 4B). Intriguingly, the

NPAs that overlapped with LVAs were not CFAE areas, and the

NPAs that overlapped with CFAE areas were not LVAs. As observed

in this case, not all AF drivers were detected by the conventional

indirect indicators.

3.2.4 | Case 4: Long-standing persistent AF

Case 4 was a 65-year-old male with non-PAF duration of 1.5 years.

Voltage mapping was performed after 2 repeated 20-J cardiover-

sions, and then, PVI was conducted. Simultaneous ExTRa and CFAE

mapping was performed after the AF induction because the AF

inducibility was confirmed after the PVI.

Four of the 5 NPAs (areas with the top 5 highest %NP values)

partially overlapped with LVAs (Figure 5A), whereas only 1 of the 5

NPAs overlapped with obvious CFAE areas (Figure 5B). Figure 5C is

a snapshot of the phase map movie (Video S4) of the NPA where

that neither overlapped with LVAs nor CFAE areas. In the NPA, fol-

lowing 3 passive excitation waves, counterclockwise rotational acti-

vations were observed and followed by multiple wavelets, short-

lived meandering rotors, and figure-of-eight type reentries.

Ablation targeting the 5 NPAs was performed, and the AF

inducibility vanished. After a 3-month blanking period, a recurrence of

AF in the form of PAF rather than non-PAF was observed. Therefore,

a second session was performed 11 months later and it was found

that there was still no AF inducibility but reconnection of right supe-

rior and left superior pulmonary veins (PVs). Indeed, additional ablation

to the PV reconnection sites was effective in maintaining sinus rhythm

for 5 months after the second session. Such a clinical course might

suggest that the NPA-targeted ablation in the first session was effec-

tive in at least modifying the AF maintenance mechanism.

3.2.5 | Case 5: Persistent AF

Case 5 was a 77-year-old male with non-PAF duration of 11 months.

This patient received both PVI and CTI ablation 9 years prior because

of PAF and a second session 8 years prior for the PAF recurrence.

During the second session, both additional ablation of the reconnected

PVs and that of a box isolation plus mitral isthmus block line were per-

formed. However, 11 months before the third session (this session),

AF in the form of non-PAF rather than PAF began.

As cardioversion did not terminate the AF, no voltage mapping

was conducted before the NPA-targeted ablation. Thus, only simul-

taneous ExTRa and CFAE mapping was performed during the AF. It

was then observed that only 2 of the 5 NPAs (areas with the top 5

highest %NP values) partially overlapped with CFAE areas, but 3

residual NPAs of the 5 NPAs did not overlap with obvious CFAE

areas (Figure 6A). Figure 6B shows a snapshot of the phase map

(Video S5) of one of the NPAs. In the NPA, a single counterclock-

wise rotational activation followed by short-lived meandering rotors

and/or multiple wavelets was continuously observed.

F IGURE 4 Case 3: 69-year-old male,
long-standing persistent AF (1.2 years). A,
Voltage map in posterior-anterior view
after cardioversion. B, CFAE map in
posterior-anterior view during AF. Black
open circles in panels A and B denote
NPAs detected by the ExTRa Mapping.
The %NP values in the 4 NPAs were 55%,
49%, 46%, and 43%. C, An example of a
phase map in one of the NPAs. Video S3
demonstrates the relevant phase map
movie. D, The 4 NPAs were selected as
ablation targets
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It is noteworthy that all 5 NPAs detected by the ExTRa Mapping

were located outside the region of the box isolation (Figure 6C). In

this case, only an NPA-guided ablation during AF was performed,

and after the cardioversion, it was confirmed that there were no PV

reconnections. After the last session, sinus rhythm was maintained

during a 15-month follow-up period.

3.3 | NPAs vs conventional indirect indicators of
AF drivers

Because we experienced that catheter ablation targeting NPAs

instead of LVAs or CFAE areas was effective in the above-men-

tioned 5 patients with non-PAF, we applied the same ablation proce-

dure to the remaining patients with non-PAF. The phase map

movies in all 28 patients with non-PAF who underwent ExTRa Map-

ping were analyzed, and the correlation between the NPAs and

distribution of the LVAs and CFAE areas was investigated. Conse-

quently, we found that the NPAs did not always coincide with LVAs

or CFAE areas and that there was no significant correlation among

them (P = .990 and P = .155, respectively).

3.4 | Outcome of the ExTRa Mapping-guided NPA
ablation

The freedom from non-PAF/AT during the 8.1 � 4.2-month follow-

up of the ExTRa Mapping-guided NPA ablation in addition to PVI

was 79%, which was markedly higher than that of the CFAE-tar-

geted ablation in our hospital (47%, unpublished data). Furthermore,

the Kaplan-Meier estimate of the freedom from non-PAF/AT in all

the patients with non-PAF (N = 49) clearly demonstrated that the

long-term (≥12 months) outcome of the freedom from non-PAF/AT

was above 75% (Figure 7, red line). Even when the patients with

F IGURE 5 Case 4: 65-year-old male,
long-standing persistent AF (1.5 years). A,
Voltage map after cardioversion. B, CFAE
map during AF. Black open circles in
panels A and B denote NPAs detected by
the ExTRa Mapping. The %NP values in
the 5 NPAs were 70%, 51%, 50%, 46%,
and 46%. C, An example of a phase map in
one of the NPAs. Video S4 demonstrates
the relevant phase map movie

F IGURE 6 Case 5: 77-year-old male,
persistent AF (11 months), A, CFAE map
during AF. Black open circles are NPAs
detected by the ExTRa Mapping. The %NP
values in the 5 NPAs were 76%, 64%,
63%, 61%, and 58%. B, An example of a
phase map in one of the NPAs. Video S5
demonstrates the relevant phase map
movie. C, Locations of the 5 ablated NPAs
in the third session are superimposed on
the block lines constructed by a box
isolation and mitral isthmus ablation in the
second session
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non-PAF who received PVI only because of no AF inducibility after

PVI were excluded, the long-term outcome (N = 28) was also ~75%

(Figure 7, black line).

4 | DISCUSSION

The major findings of the present study were as follows: (i) our

recently developed novel online real-time phase mapping system,

called ExTRa Mapping, was very useful for imaging the AF wave

dynamics and detecting NPAs assumed to contain AF drivers in

patients with non-PAF; (ii) the NPAs did not always coincide with

the conventional indirect indicators of AF drivers; and (iii) the abla-

tion targeting such NPAs might be effective in patients with non-

PAF for maintaining sinus rhythm.

4.1 | Mechanisms on AF persistency in patients
with non-PAF

Although it is accepted that functional reentry with a spiral-shaped

wavefront, called rotor or spiral wave reentry, is involved in the

mechanism of AF, the type of excitation wave dynamics leading to

AF persistency is still unknown. Even for basic research, in terms of

the excitation wave dynamics during AF, several hypotheses, that is,

multiple wavelets,7,8 meandering rotors,9 and stationary stable

rotors,10 have been proposed; therefore, it is natural that the mecha-

nisms of non-PAF persistency in clinical practice are still unclear.

One of the main reasons for the difficulty in elucidating the

mechanism of AF persistency in patients with non-PAF is that the

optical mapping techniques11,12 commonly employed in animal

experiments cannot be applied to clinical practice because of both

an invasive thoracotomy procedure and the toxicity of the voltage-

sensitive dye. Another reason is that existing high-density electro-

anatomical mapping systems cannot be applied to unstable random

reentries during AF. Therefore, clinically available real-time AF imag-

ing systems such as this ExTRa Mapping have long been sought.

In the present study, the ExTRa Mapping was applied to patients

with non-PAF and as a result, other than the passively activated pla-

nar wave propagation, the typical non-PAF wave dynamics were

rotational activations in the form of meandering rotors and/or multi-

ple wavelets, as shown in Figures 1, 2C, 3C, 4C, 5C, and 6B (Videos

S1 to S5). Indeed, such rotational activations, which were defined as

NPAs, were effective ablation targets at least in most of our patients

with non-PAF. It is generally thought that both the LVAs and CFAE

areas contain AF drivers or their substrate. Therefore, such indirect

indicators of AF drivers have been used as ablation targets for non-

PAF. However, based on this study, NPAs where meandering rotors

and/or multiple wavelets were frequently observed did not necessar-

ily coincide with the indirect indicators (compare panels A and B in

Figures 2 to 5). Moreover, no significant correlation between the

NPAs and LVAs or CFAE areas was found. Thus, it was conjectured

that the mechanism of AF persistency in patients with non-PAF was

multifactorial because all of the following phenomena were observed

as follows: (i) NPAs coincided with both LVAs and CFAE areas, (ii)

NPAs coincided with either LVAs or CFAE areas, and (iii) NPAs coin-

cided with neither LVAs nor CFAE areas.

The spatial density of the phase map drawn by the ExTRa Map-

ping was ~8 signals/cm2, which was much higher than that needed to

differentiate rotor from focal activation,13 that is, ≥4 signals/cm2. The

accuracy of the phase mapping was sufficiently verified with in silico

model studies. It was therefore reasonable to think that the non-PAF

encountered in clinical practice was mostly driven by spatially and

temporally unstable rotors rather than stationary stable rotors.

4.2 | Comparison with other phase mapping
systems

In the United States and Europe, several AF visualization systems

available in clinical practice have been proposed. One of the systems

was proposed by Narayan, et al14 (Topera� Solution, Abbott Lab.,

CA, USA). The system employs a 64-pole basket catheter to conduct

a panorama mapping of the atria. Another one employs a body sur-

face 252-electrode vest (CardioInsightTM, Medtronic Inc., MN, USA)

to solve the inverse problem of AF wave dynamics and was origi-

nally developed by Rudy’s group15 and applied to AF ablation by

Ha€ıssaguerre’s group.16

However, as far as we know, the above-mentioned phase map-

ping systems contain several limitations as follows: offline use thus

requiring a long period for AF visualization, low spatial density of

<4 signals/cm2, and insufficient verification of the imaging algo-

rithms, resulting from poor electrode contact17 or constraints due to

the inverse problem.18 Moreover, those phase mapping systems are

not currently available in our country, Japan.

F IGURE 7 Kaplan-Meier estimates of freedom from non-PAF/
AT. Red line represents the ratio freedom from non-PAF/AT in all
non-PAF patients (N = 49); the patients in whom ExTRa Mapping-
guided NPA ablation was performed because of AF inducibility after
PVI, and in whom PVI only was performed because of no AF
inducibility after the PVI. Black line denotes the ratio freedom from
non-PAF/AT in the non-PAF patients in whom the ExTRa Mapping-
guided ablation was applied because of AF inducibility even after
the PVI (N = 28)
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On the other hand, the ExTRa Mapping online real-time AF imag-

ing system complements the intra-atrial signals with a specialized

artificial intelligence algorithm and provides a higher density imaging

movie within a few seconds. In addition, a notable feature of the

present system is that the phase map is based on myocardial action

potentials, which are similar to experiments employing optical map-

ping systems,11 whereas the phase maps produced by the aforemen-

tioned systems14,16 are based only on the timing of the excitation

wavefront propagation.

4.3 | Comparison with extensive ablation

In this study, limited local ablation suggested the potential benefit

beyond PVI. However, it is reported that extensive ablation, such as

stepwise ablation, resulted in similar outcome to PVI.19 A possible

explanation about this discrepancy is that excessive extensive abla-

tion eliminates most of the rotors, but at the same time, it stabilizes

the remaining rotors, resulting in the cancelation of the additional

benefits. Whereas, the ExTRa Mapping-guided NPA ablation might

eliminate only a part of rotors but do not stabilize remaining rotors,

thus likely to receive additional benefits.

4.4 | Study limitations

The novel phase mapping system employed in the present study

might include some unknown limitations because the development

of the system is still in progress. Although this system is not yet

widely available even in Japan, we hope this system will spread to

the world in the near future.

Although we directly observed the AF wave dynamics in real-

time by applying our novel phase mapping system in patients with

non-PAF, it was still very difficult to extract the real AF drivers from

the various NPAs detected by our system. Although not all NPAs

coincided with true AF drivers, we strongly believe that most NPAs

with high %NP values contained, more or less, true AF drivers.

As this study was not randomized clinical trial, this study only sug-

gested the potential benefit of NPA-targeted ablation beyond PVI.

Moreover, we did not perform right atrial mapping in the first session.

Nevertheless, the ablation outcome was much better than we expected.

Further studies are needed to elucidate these issues.

5 | CONCLUSIONS

Not all non-PAF drivers might be included in CFAE areas or LVAs.

To detect AF drivers during a non-PAF ablation, real-time imaging of

the AF wave dynamics using ExTRa Mapping might be more useful

than the conventional indirect indicators of AF drivers only.
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