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Quantitative analysis of fractionated electrogram area of left
atrium during right atrial pacing as an indicator of left atrial
electrical remodeling in patients with atrial fibrillation
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Medicine, Osaka, Japan Background: The clinical significance of left atrial local electrogram fractionation

Correspondence after restoration of sinus rhythm in patients with atrial fibrillation (AF) has not been
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of Cardiovascular Medicine, Osaka

University Graduate School of Medicine, Methods: We evaluated ultrahigh-resolution maps of the left atrium (LA) during RA
J2'2‘Yamada°ka’ Suita, Osaka 565-0871, pacing acquired after pulmonary vein isolation in 40 patients with AF. The associa-
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Email: oka.takafumi.med@osaka-u.ac.jp tion between low-voltage area (LVA, <0.5mV), fractionated electrogram area (FEA,

the highlighted area with LUMIPOINT™ Complex Activation), the interval from onset
of LA activation to wavefront collision at the mitral isthmus (LA activation time), and
wave propagation velocity (WPV) was evaluated quantitatively.

Results: The total LVA, total FEA with >5.0 peaks or >7.0 peaks were 7.0+7.9 cm?,
15.9+12.9cm?, and 5.2+ 7.5cm?, respectively. These areas were predominantly ob-
served in the anteroseptal region. Total LVA, total FEA with 25.0 peaks, and total FEA
with >5.0 peaks in the normal voltage area (NVA: 20.5mV) correlated with LA activa-
tion time (R=0.69, 0.75, and 0.71; each p<.0001). In the anterior wall, these areas
correlated with regional mean WPV (R=-0.75, -0.83, and - 0.55; each p <.0001) and
the extent of slow conduction area (SCA) with WPV <0.3m/s (R=0.89, 0.84, 0.33;
p<.0001 for LVA and FEA, p <.05 for FEA located in NVA). The anterior wall FEA with
>7.0 peaks and that in the NVA showed a better correlation in predicting anterior wall
SCA (R=0.92 and 0.86, each p<.0001).

Conclusion: Quantitative analysis of FEA together with LVA may facilitate the assess-

ment of LA electrical remodeling.
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1 | INTRODUCTION

Catheter ablation is the first-line therapy for atrial fibrillation (AF),
with pulmonary vein isolation (PVI) as the established cornerstone
procedure. The extent of left atrium (LA) remodeling is associated
with AF recurrence after ablation.! Recently, low-voltage area (LVA)
in the LA has been used as a marker of LA electrical remodeling,
which correlates with poor-ablation outcomes.? However, LVA is
not necessarily observed in all patients. Patients with paroxysmal
AF usually present with smaller LVA than those with persistent AF.%
Therefore, assessing the extent of LA electrical remodeling based
solely on the presence of LVA might be challenging. The establish-
ment of more sensitive indicators of LA remodeling is an unmet need.

In addition to LVA, local electrogram (EGM) fractionation during
sinus rhythm (SR) has recently been proposed as a target for the
non-PV substrate.* The areas with such EGMs, which we call frac-
tionated EGM area (FEA) in the present investigation, have been
proposed to reflect atrial electrical remodeling.5 However, the
theory has not been systematically and quantitatively investigated
using an ultrahigh-resolution mapping system. In this study, we eval-
uated the prevalence of FEA during right atrial (RA) pacing using the
LUMIPOINT™ Complex Activation of Rhythmia™ mapping system
(Boston Scientific, Marlborough, MA, USA). The purpose of this
study was to investigate the relationship between LVA, FEA, and
LA electrical remodeling parameters using ultrahigh-resolution LA

maps acquired from patients with AF.

2 | METHODS

2.1 | Study population

This prospective observational study included 40 patients who un-
derwent initial or repeat AF ablation using Rhythmia™ mapping sys-
tem from June 2022 to September 2023. Patients with a history of
prior ablation for the LA body except for the posterior wall or open-
heart surgery with left atriotomy were excluded. This study com-
plied with the Declaration of Helsinki. The hospital's institutional

review board approved the study protocol (opt-out method).

2.2 | AF ablation method

Ablation procedures were performed under general anesthesia or
moderate sedation with dexmedetomidine hydrochloride, thiopen-
tal sodium, hydroxyzine hydrochloride, and pentazocine hydro-
chloride. Periprocedural oral anticoagulation was not interrupted.
Activated clotting time was kept over 300s during the procedure.
All class | and Il antiarrhythmic drugs were basically discontinued
for 24 h before the procedure. Body surface electrocardiograms and
bipolar intracardiac electrograms were continuously monitored and
stored on a computer-based digital recording system (CardioLab;
GE Healthcare, Chicago, IL, USA and LABSYSTEM™ PRO; Boston
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Scientific). For patients undergoing an initial session, we performed
PVI with radiofrequency ablation (RF-PVI) or cryoballoon ablation
(CB-PVI). RF-PVI was performed with an IntellaNav Stablepoint™
ablation catheter (Boston Scientific) using a power of 35-50W
(30W near the esophagus). Target local impedance drop and con-
tact force were set to 20-30Q and 5-20g, respectively. CB-PVI
was performed with a 28-mm Arctic Front Advance™ Pro with the
Achieve™ mapping catheter (Medtronic, Minneapolis, MN, USA). A
single 180-s freezing was applied to each PV except the left inferior
pulmonary vein with 150-s freezing. After the PVI procedure, we
proceeded with ultrahigh-resolution mapping of the left atrium dur-
ing RA pacing. When AF rhythm was sustained after the completion
of PVI, we restored SR via electrical cardioversion. During the repeat
ablation session, ultrahigh-resolution LA mapping was performed at

the start of the session or after PV re-isolation.

2.3 | Ultrahigh-resolution mapping of the
left atrium

After PVI and SR restoration, study patients underwent LA activa-
tion mapping. To exclude the influence of cycle length oscillation
during SR, we performed mapping during constant RA appendage
pacing or high-RA pacing at a pacing cycle length (PCL) of 600 ms.
Mapping was performed using the Rhythmia™ mapping system and
the IntellaMap Orion™ catheter (Boston Scientific). PCL was modu-
lated when Wenckebach atrioventricular conduction or frequent
overlapping of ventricular electrocardiograms caused insufficient
local activation time (LAT) stability due to overlapping ventricular
electrocardiograms. Points within 3mm of the surface of the LA
shell were projected. All maps were acquired under strict beat ac-
ceptance criteria: cycle length, stability of reference LAT, catheter
moving speed, and respiration gating. If areas with low-amplitude
were observed, we increased the mapping density of the area and
validated the presence of LVA.

2.4 | Areaanalysis of the LVA and FEA in the
left atrium

We analyzed the bipolar voltage and activation map on the
Rhythmia™ system. We segmented the LA body into four regions,
excluding the posterior wall: anterior wall, septum, inferior wall, and
lateral wall (Figure S1). The LA appendage was excluded from the
analysis because we did not insert the Orion catheter deep inside
the left atrial appendage for safety reasons. The posterior wall was
also excluded from the analysis because some patients presented
with small non-isolated posterior wall area due to wide PVI and this
study included patients with posterior wall ablation (LA roof or bot-
tom line). All analyses described below were performed on a region-
by-region basis. First, we manually measured the prevalence of LVA
with <0.5mV amplitude. Next, we measured FEA, defined as the
area with 5.0 or 27.0 peaks detected by the LUMIPOINT™ Complex
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Activation tool at 85% strictness criteria. The tool can highlight
the areas with EGMs that have peak deflections greater than the
threshold named “Peak Slider”; applying a higher Peak Slider level
selectively highlights the area with higher local EGM fractionation
(Figure 1A-C). The other features of the LUMIPOINT™ software
have been summarized in the previous publications.® Whether each
FEA was located in the normal voltage area (NVA: 20.5mV ampli-
tude) or LVA was also identified. Extremely tiny LVAs or FEAs con-
sisting of <2 highlighted points were excluded from the analysis. LA
diameter (LAD)-adjusted LVA and FEA were calculated for multiple
regression analysis by multiplying each area by the ratio of the mean
LAD of the study to each patient's LAD.

2.5 | Measurement of LA activation time and wave
propagation velocity

We calculated LA activation time, which has been reported to in-

crease in parallel with AF disease progression.® In this study, we

(A) (B)

Isolated PVs

~

Anterior wall
LVA

FEA > 5.0 peaks
(Peak Slider = 5.0)
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defined LA activation time as the interval from the earliest LA ac-
tivation of the anterior wall or interatrial septum to the collision of
the wavefronts from the anterior wall and inferior wall at the lateral
mitral isthmus.

We also calculated the regional mean conduction velocity to
evaluate local LA electrical remodeling. Quantitative analysis of
3D electroanatomical maps was performed using EPLab Research
Works (www.pawelkuklik.com/eplabworks). Based on the imported
mapping data from the Rhythmia™ system, the conduction velocity,
called wave propagation velocity (WPV) in the software, was auto-
matically calculated using the LATs with >0.1mV bipolar amplitude.
The algorithm of WPV calculation by the software was based on the
geometry triangles method, as used in the previous report.” The
regional mean WPV was automatically calculated by selecting any
surface area of the LA shell. The slow conduction area (SCA) with
<0.3m/s WPV was also calculated.® Before calculating the WPV,
the points with apparent outlier LAT were excluded, and each LAT
value was adjusted to the mean of the points within a 3mm radius.

The difference in WPV was expressed by the color range, as shown

(©)
FEA > 7.0 peaks
(Peak Slider = 7.0)
-

FIGURE 1 Representative case with LVA, FEA, and WPV measurements. (A) LVA measurement. (B, C) The highlighting of FEA >5.0 peaks
and 27.0 peaks by LUMIPOINT™ Complex Activation. “5.0” and “7.0” indicate the Peak Slider of the LUMIPOINT™ module. These areas were
calculated as the sum of each region. (D) The activation map on EPLab Research Works software after 3mm spatial filtering. (E) The WPV

map generated from map (D). FEA, fractionated electrogram area; LAA, left atrial appendage; LVA, low-voltage area; MA, mitral annulus; PV,

pulmonary vein; WPV, wave propagation velocity.
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in Figure 1(E). The lateral LA wall was excluded from this analysis
because of the wavefront collision, which could lead to the overesti-

mation of conduction velocity.

2.6 | Statistical analysis

Continuous variables were expressed as mean =+ standard deviation
or median [interquartile range]. A value of p<.05 was considered
statistically significant. The relationship between two continuous
variables was evaluated using the correlation coefficient I. Pairs of
values within each patient were compared using the paired t-test.
Multiple regression analysis was performed using the least squares
method. All the statistical analyses were performed using JMP soft-
ware, version 14.2.0 (SAS Institute).

3 | RESULTS

3.1 | Patient characteristics

Baseline patient characteristics are shown in Table 1. The study
patients (N=40) had moderately dilated LAs and preserved left
ventricular ejection fractions. Approximately half of the patients
had non-paroxysmal AF. Classes | and Il antiarrhythmic drugs were
discontinued before the procedure, except for one patient taking
100mg of amiodarone. In the other three patients, two patients,
bepridil was administered until 2 or 4days before the procedure or
continued.

3.2 | Prevalence of LVA and FEA of the left atrium
Ultrahigh-resolution LA maps were successfully acquired during the
ablation procedure. Right atrial pacing was performed basically with
600ms PCL, except for one patient with 660ms, one with 666 ms,
and two with 750ms. The total number of mapping points was
8176 + 1858, and the total mapping time was 14.7 + 4.1 min. The dis-
tribution of LVA and FEA is shown in Figure 2(A). Both LVA and FEA
were frequently observed in the anteroseptal region. Total FEA with
»5.0 peaks was significantly larger than total LVA (15.9+12.9 cm?
vs. 7.0+ 7.9 cm?, p<.0001). Total FEA with 27.0 peaks (5.2+7.5cm?)
was significantly smaller than total FEA with >5.0 peaks (p <.0001).
The relationship between FEA and local amplitude is shown in
Figure 2(B). The FEA located in NVA was significantly larger than
that in the LVA at each Peak Slider (5.0 peaks: 12.2+8.5cm? vs.
3.7+5.5cm?, p<.0001, >7.0 peaks: 3.4+4.4cm? vs. 1.8+3.4cm?,
p=.0003). Total LVA correlated with total FEA and the FEA located
in NVA (Figure 2C,D). In the multiple regression analysis, age, fe-
male sex, body weight, history of stroke or transient ischemic at-
tack (TIA), and AF type were associated with LAD-adjusted FEA with
>5.0 peaks (Table S1).
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TABLE 1 Baseline patient characteristics and ablation procedure
(N=40).

Patient characteristics

Age, year 66+12
Female, n (%) 15 (38%)
Height, cm 163.8+9
Body weight, kg 66+11
Body mass index 24.6+3.8
Hypertension 17 (43%)
Diabetes 5(13%)
Chronic kidney disease (GFR < 60 ml/min/kg) 16 (40%)
History of stroke or TIA 4 (10%)
CHA,DS,-VASc score 23+14
Echocardiographic findings
LVEF, % 66+11
LA diameter, mm 44+8
LA volume, mL 91+35
AF type, n (%)
Paroxysmal AF 19 (48%)
Non-paroxysmal AF 21 (52%)
Number of AF ablation, n (%)
Initial procedure 32
Repeated procedure (22) 8
Pulmonary vein isolation, n (%)
Radiofrequency ablation? 37
Cryoballoon ablation 3

Additional LA lesions created before ultrahigh-resolution mapping
5(13%)
1(3%)

LA roof line

LA bottom line

Note: Values are n (%), mean+SD.

Abbreviations: AF, atrial fibrillation; LA, left atrium; LVEF, left
ventricular ejection fraction; TIA, transient ischemic attack.

Including six repeated procedure patients who underwent prior
ablation with radiofrequency ablation with the CARTO® system.

3.3 | Relationship between LVA or FEA and LA
activation time

The relationship between the extent of LVA or FEA and global LA
electrical remodeling was investigated using LA activation time.
The mean LA activation time was 84.3+14.1ms. The extent of
total LVA and FEA, with or without LAD adjustment, were sig-
nificantly correlated with LA activation time (Figure 3; Figure S2).
These areas in the anteroseptal region showed a stronger cor-
relation than those in the inferolateral region (Figure S3). In the
multiple regression analysis, LAD-adjusted total FEA with 25.0
peaks located in NVA was associated with LA activation time inde-
pendently of LAD-adjusted total LVA and LAD (Table 2), whereas
LAD-adjusted FEA with 27.0 peaks located in NVA was not. Total
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FIGURE 2 (A, B) Distributions of the LVA and FEA. “5.0” and “7.0” indicate the Peak Slider of LUMIPOINT™ Complex Activation. (C) The
correlation between LVA and FEA 25.0 peaks. (D) The correlation between LVA and the FEA 25.0 peaks located in NVA (20.5mV). Error bars
indicate standard errors. AW, anterior wall; IW, inferior wall; LW, lateral wall; NVA, normal voltage area; Sep, septum.

FEA with 25.0 peaks located in NVA and total LVA were also inde-
pendent predictors of LA activation time on the multiple regres-
sion model including age, sex, history of TIA or stroke, and AF type
(Table S1).

3.4 | Relationship between LVA or FEA and
regional mean WPV

The relationship between the extent of LVA or FEA and the re-
gional mean WPV of each LA region was also evaluated. The re-
gional mean WPV in the anterior wall, septum, and inferior wall
were 0.94+0.15m/s, 0.90+0.15m/s, and 1.03+0.11m/s, respec-
tively. The inferior wall presented significantly greater regional
mean WPV than the anterior wall and septum (p <.0001, respec-
tively). The prevalence of LVA and FEA in the anterior wall corre-
lated significantly with regional mean WPV and the extent of SCA
(Figures 4 and 5). Similar but weaker correlations were observed
in the septum and inferior wall (Figures S4-S7). Multiple regres-
sion analysis for regional mean WPV and SCA in the anterior wall
showed that LVA and FEA were independently associated with
them (Table 3). The FEA with a higher peak threshold (27.0 peaks)
showed a better correlation coefficient and standardized par-
tial regression coefficient than that with a lower threshold (5.0
peaks) in the simple and multiple regression analysis for SCA in

the anterior wall.

4 | DISCUSSION

Using an ultrahigh-resolution mapping system, we evaluated the
characteristics of FEA in the LA during RA pacing and the relation-
ship between LVA, FEA, and LA conduction properties. The main
findings of this study are as follows. (i) FEA was associated with
baseline patient characteristics, including many CHADS2-VASC
score components. (ii) FEA was predominantly observed in the
NVA (20.5mV) and the anteroseptal LA region. (iii) The extent of
FEA correlated with that of LVA but more broadly observed than
LVA. (iv) The extent of FEA, especially in the anteroseptal LA re-
gion, correlated with LA activation time independent of LVA. (v)
The extent of FEA correlated with decreased regional mean WPV
and the extent of SCA in the anterior wall, independent of LVA. (vi)
The suitable Peak Slider was different by the electrical remodeling
indicators: 25.0 was for LA activation time and regional mean
WPV prediction, and 27.0 was for SCA prediction. These results
suggest that FEA, together with LVA, may be an indicator of LA

electrical remodeling.

4.1 | FEA asanindicator of LA remodeling

The evaluation of AF substrates is one of the most important issues
in current AF ablation, especially in patients with PVI-refractory AF.
Recently, the presence of LVA has been considered an indicator of



SEKIHARA ET AL.

(A) (B)
130 130
(7)) .
£ 120 120
o 110 110
g 100 100
e
C
5 90 90
E 80 80
) 70 . 0
3 7 R =0.69 07 .
60 . 60 .
. < 0.0001 .
5 50 d 50
0 S5 10 15 20 25 30 35 0 10

Total LVA (cm?)

)]
130
120
110
100
90
80
70

&l o p < 0.0001
50

0 10 20 30 40

Total FEA >5.0 peaks
in NVA (cm?)

LA activation time (ms)

20 30 40
Total FEA >5.0 peaks (cm?)

©
130
120
110
100
90
80
R=075 0 .

60 .
p<00001

R =0.65
p < 0.0001
10 15 20 25 30 35 40

Total FEA >7.0 peaks (cm?)

50 60 70 0 5

(E)
130
120
110
100

<)

700N R=0.62
. p <0.0001
0 S5 10 15 20 25

Total FEA 27.0 peaks
in NVA (cm?)

FIGURE 3 (A-E)Scatterplots of LVA, FEA, the FEA located in NVA, and LA activation time. R=correlation coefficient. Abbreviations are

as in Figures 1 and 2.

TABLE 2 Multiple regression analysis
of LA activation time with the electro-
anatomical factors.

Model 1: Adjusted R?=0.62, p <.0001

LAD-adjusted FEA (25.0 peaks) in NVA
LAD-adjusted LVA

LAD

Model 2: Adjusted R>=0.58, p<.0001

LAD-adjusted FEA(> 7.0 peaks) in NVA
LAD-adjusted LVA

LAD

Standard

Beta [95% CI] beta p-value
0.62[0.16, 1.08] 0.33 .0092
0.79 [0.34, 1.24] 0.42 .0011
0.60[0.24,0.96] 0.35 .0016
0.94 [-0.06, 1.94] 0.25 .065
0.82[0.32,1.32] 0.43 .0020
0.64[0.27,1.01] 0.37 .0013

Abbreviations: FEA, fractionated electrogram area; LAD, left atrial diameter; LVA, low voltage area
(<0.5mV); NVA, normal voltage area (20.5mV); R?, coefficient of determination.

poor AF ablation outcomes.?? However, LVA is not necessarily ob-
served in some patients with PVI-refractory AF. We hypothesized
that fractionated EGMs during SR are associated with LA remodeling
because Kuo et al. reported that fractionated EGMs were associated
with late gadolinium enhancement on cardiac magnetic resonance
imaging, even in patients without LVA.>

In this study, the relationships between LVA, FEA, and LA con-
duction properties during RA pacing were evaluated. The extent
of FEA was greater than that of LVA in the study patients, whereas
the distribution of these areas was similar; both areas were pre-
dominantly observed in the anteroseptal LA region. The extent of

FEA correlated with LA activation time and regional mean WPV
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FIGURE 4 (A-E)Scatterplots of LVA, FEA, the FEA located in NVA, and regional mean WPV of the LA anterior wall. WPV, wave
propagation velocity. R=correlation coefficient. Abbreviations are as in Figures 1 and 2.

and SCZ of the anterior wall. This relationship was maintained
when analyzing FEA located in the NVA. These results suggested
that FEA may be an indicator of LA electrical remodeling together
with LVA.

Kishima et al. reported that conduction slowing in the LA is
most commonly observed in the anterior wall, accompanied by a
slight reduction in local amplitude.’® Ohguchi et al. and Kurata et al.
reported that the conduction velocity slowing in the anterior wall
was a predictor of AF recurrence.'>'? Takahashi et al. reported that
fractionation of the local electrogram is associated with the expan-
sion of the intercellular space, which they proposed as an interstitial
change that occurs during the early structural atrial remodeling.*®
Considering these findings and the results of the current study, the
emergence of FEA may precede that of LVA during the progression

of LA electrical remodeling.
4.2 | Evaluation of EGM fractionation during
AF and sinus rhythm

The evaluation of EGM fractionation during AF, as well as during
sinus or paced rhythm, has also been studied. Among these, the

complex fractionated atrial electrogram (CFAE) has been studied
extensively.“‘15 CFAE was originally reported by Nademanee et al.
as electrograms with continuous fractionation or very short cycle
lengths of less than 120ms over 10s during AF.}* Previous studies
have reported the usefulness and clinical significance of CFAE. CFAE
was associated with the site of AF or subsequent atrial tachycardia
termination.®'” CFAE ablation also improved the SR maintenance

F.l8 However, the effect of

rate in patients with non-paroxysmal A
CFAE ablation has been controversial. Subsequent randomized con-
trolled trials failed to demonstrate the benefit of CFAE ablation.!?2°
The inconsistent efficacy of CFAE ablation may be due to the differ-
ent methods used to measure CFAE. In addition, because CFAE is an
EGM during AF, its measurement is essentially subject to reproduc-
ibility issues.?!

Compared to CFAE, fractionation of EGMs during SR or atrial
pacing is a presumably reproducible indicator of the atrial arrhyth-
mogenic substrate. Current three-dimensional electroanatomical
mapping systems can detect reproducible fractionated EGMs during
SR or atrial pacing with the beat acceptance criteria as used in this
study. Although we did not compare CFAE and FEA during RA pacing
in this study, some studies have investigated the relationship in the

era of low-resolution mapping systems. Saghy et al. reported that
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TABLE 3 Multiple linear regression
analysis of regional mean WPV and the Beta [95% CI] zzzdard .
extent of SCA of the LA anterior wall with
the electro-anatomical factors. AW regional mean WPV model 1: Adjusted R?=0.70, p <.0001
FEA (2 5.0 peaks) in NVA -0.018 [-0.026, -0.010] -0.41 <.0001
LVA -0.021 [-0.027, -0.015] -0.66 <.0001
AW SCA model 1: Adjusted R2=0.80, p<0.0001
FEA (25.0 peaks) in NVA 0.11 [0.0008, 0.22] 0.15 .049
LVA 0.46[0.38, 0.54] 0.86 <.0001
AW regional mean WPV model 2: Adjusted R?=0.63, p<.0001
FEA (2 7.0 peaks) in NVA -0.044 [-0.072, -0.016] -0.45 .0031
LVA -0.013 [-0.023, -0.004] -0.41 .0064
AW SCA model 2: Adjusted R2=O.87, p<.0001
FEA (27.0 peaks) in NVA 0.72[0.44, 0.99] 0.44 <.0001
LVA 0.30[0.21, 0.39] 0.56 <.0001

Abbreviations: AW, anterior wall; LAD, left atrial diameter; LVA, low-voltage area (<0.5mV);
NVA, normal voltage area (20.5mV); R2, coefficient of determination; SCA, slow conduction area
(<0.3m/s area); WPV, wave propagation velocity.
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the CFAE and fractionated EGM areas showed similar distribution
patterns: anteroseptal region dominant patterns similar to the FEA
distribution in this study.22 However, the exact locations of these
areas were typically different. Another study also reported that
CFAE areas did not overlap with LVA and that CFAE areas were not
associated with slower conduction velocity.?® The former finding
was analogous to our present investigation of FEA: most of the FEA
was not located in the LVA. The latter findings, which were incon-
sistent with our investigation, were likely due to the difference in
the method of conduction velocity measurement. We measured the
regional mean WPV based on the LAT data of all points in each re-
gion, including the points that were not in the FEA. Therefore, the
regional mean WPV calculated by this measurement method may
have reflected the remodeled areas that have not yet manifested as
LVA or FEA. In addition, the CFAE area during AF may have included
both intrinsically remodeled areas and functional conduction delay
due to the rapid AF cycle length. Therefore, the degree of conduc-
tion delay in the CFAE area and the FEA may be different.

5 | STUDY LIMITATIONS

First, this study was a single-center analysis and included a small
number of patients. Second, ablation of FEA and LVA was not man-
datory in this study. Therefore, this study did not elucidate the
prognosis of ablation of these areas and the clinical impact of FEA
modification. Third, because ultrahigh-resolution mapping was per-
formed after PVI, PVI may have affected the LA activation pattern
near the PVI lines. To minimize the influence of PVI, we measured
LA activation time, which reflects the conduction property of the LA
body away from the PVs.

6 | CONCLUSION

In conclusion, our study demonstrated that FEA of the LA was fre-
quently observed in AF patients during RA pacing, especially in the
anteroseptal area. The extent of FEA was significantly correlated
with LA activation time and regional mean WPV slowing of the an-
terior wall. FEA with a higher degree of fractionation was associated
with the extent of SCA. Based on these results, the prevalence of
FEA may be an indicator of LA electrical remodeling together with
LVA,; thus, it may help to identify the potential AF substrate or guide
the strategy for additional ablation.
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