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Abstract

Background: Low voltage areas (LVAs) have been proposed as sur-
rogate markers for left atrial (LA) scar. Correlation between voltages
in sinus rhythm (SR) and atrial fibrillation (AF) have previously been
measured via point-by-point analysis. We sought to compare LA volt-
age composition measured in SR to AF, utilizing a high-density au-
tomated voltage histogram analysis (VHA) tool in those undergoing
pulmonary vein isolation (PVI) for persistent AF (PeAF).

Methods: We retrospectively analyzed patients with PeAF undergo-
ing de novo PVI. Maps required > 1,000 voltage points in each thythm
and had a standardized procedure (mapped in AF then remapped in
SR post-PVI). We created six anatomical segments (AS) from each
map: anterior, posterior, roof, floor, septal and lateral AS. These were
analyzed by VHA, categorizing atrial LVAs into 10 voltage aliquots
0 - 0.5 mV. Data were analyzed using SPSS v.26.

Results: We acquired 58,342 voltage points (n = 10 patients, mean
age: 67 £ 13 years, three females). LVA burdens of < 0.2 mV, desig-
nated as “severe LVAs”, were comparable between most AS (except
on the posterior wall) with good correlation. Mapped voltages between
the ranges of 0.21 and 0.5 mV were labeled as “diseased LA tissue”,
and these were found significantly more in AF than SR. Significant
differences were seen on the roof, anterior, posterior, and lateral AS.

Conclusions: Diseased LA tissue (0.21 - 0.5 mV) burden is signifi-
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cantly higher in AF than SR, mainly in the anterior, roof, lateral, and
posterior wall. LA “severe LVA” (< 0.2 mV) burden is comparable in
both rhythms, except with respect to the posterior wall. Our findings
suggest that mapping rhythm has less effect on the LA with voltages
< 0.2 mV than 0.2 - 0.5 mV across all anatomical regions, excluding
the posterior wall.

Keywords: Persistent atrial fibrillation; Left atrial low voltage area
burden; Radiofrequency ablation; Voltage histogram analysis

Introduction

While the mainstay of symptomatic atrial fibrillation (AF) treat-
ment is pulmonary vein isolation (PVI), non-pulmonary vein
triggers arising from the posterior wall of the left atrial (LA)
may alter conduction velocities and therefore, treatment ef-
ficacy. These so-called low voltage areas (LVAs) were identi-
fied via electro-anatomical voltage mapping correlate to scarred
myocardium identified via cardiac magnetic resonance imaging
(MRI) with late gadolinium enhancement (MRI-LGE) [1]. The
burden of MRI-LGE enhanced area has an inverse relationship
with LA endocardial voltage [2]. LVAs are usually identified
as those measured via bipolar voltage (BiV) mapping in sinus
rhythm (SR) with an intrinsic voltage < 0.5 mV [3]. Previous
reports have demonstrated that high LVA burden is clinically as-
sociated with increased recurrence of AF post-PVI compared to
lower burden of LVAs. Therefore, these areas have prognostic
significance as a marker of arrhythmia recurrence and may serve
as an important therapeutic target for additional substrate modi-
fication, namely in patients with persistent AF (PeAF) [3-5].
LVAs differ in quantity and severity depending on the un-
derlying rhythm [6, 7]. The characterization of LVAs in the
left atrium during alternative rhythms has not been thoroughly
evaluated. One cardinal study suggests a strong correlation (R
=0.707) between voltages in AF and SR when point-by-point
analysis is utilized [8]. Other studies have also described a
good correlation between mapped voltages in AF and SR [9,
10]. It is suggested however that there are regional variations
to the concordance of mapped voltages between rhythms [10].
The voltage histogram analysis (VHA) tool is a novel of-
fline software module (CARTO3, Biosense Webster) which al-
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lows for rapid voltage assessment and summary of the pre-se-
lected regions of the fast anatomical map (FAM) by tabulating
the selected area into pre-set voltage categories [5, 9]. VHA
has been validated in the assessment of LA LVAs, demonstrat-
ing superiority to visual assessment [9]. Indeed, data suggest
that automated LA voltage assessment reduces inter-operator
variability [9]. Moreover, the automated VHA software allows
for analysis of entire regions or walls of LA, cumulating hun-
dreds of points data simultaneously, as opposed to previous
studies performed using point-by-point analysis.

In the current study, we utilize automated VHA (high volt-
age point density) endocardial assessment to generate high-
density maps for voltage analysis and compared maps in AF
and SR in selected patients. We will then correlate the data to
LA anatomical distribution to assess for LA regional variations
in perceived LVAs.

Materials and Methods

Study population

We retrospectively analyzed medical records of those who un-
derwent de novo PVI at the Mater Private Hospital, Dublin,
from the January 2018 to December 2020. Patients with symp-
tomatic, non-valvular PeAF, who were refractory to at least
one antiarrhythmic agent in addition to cardioversion were se-
lected for the study. All patients signed an informed consent
before collection of any data.

We included consecutive patients with at least 1,000 volt-
age points taken in both SR and AF. Patients were excluded
if they had undergone a prior catheter ablation of any type,
were less than 18 years old, or had a procedure sequence that
differed from our approved procedure protocol. Patients were
excluded if they underwent additional substrate modification
during their de novo PVI, including lesion sets performed in
addition to PVI.

A standard 3-day protocol without antiarrhythmic therapy
was applied to all patients prior to ablation.

The study protocol was reviewed and approved by the Ma-
ter Misericordiae University Hospital Clinical Research Eth-
ics Committee in accordance with the Declaration of Helsinki
(Institutional Review Board reference number: 1/378/2219
TMR). All procedures were performed by a single operator.

Uniform procedure workflow

The procedure and catheterization lab flow were standardized
using right femoral vein to gain access under general anesthe-
sia followed by a transseptal puncture under transesophageal
echocardiography guidance (Vivid S70N, GE Healthcare). Di-
rect oral anticoagulation was held on the day of the procedure.
The atrium was first mapped in AF with a 7-French, deflecta-
ble D-curve multi-electrode mapping catheter, comprising 22
electrodes distributed over five splines with 4 - 4 - 4 mm spac-
ing (PENTARAY, Biosense Webster, J] & J Medical NV/SA,
Belgium).
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Our mapping catheter splines were held in place until sta-
ble and clear electrograms were achieved and accepted by our
system (CONFIDENSE, Biosense Webster, ] & J Medical NV/
SA, Belgium) while mapping in AF to optimize accuracy and
provide a true voltage point value. The full details of the proce-
dural workflow have been described in a previous study [10].

After AF mapping, PVI was performed with bilateral wide
antral circumferential ablation (WACA) lines. Patients were
subsequently remapped in SR mapping after completion of the
ablation. The endpoint of the procedure was exit and entrance
block across the WACA line 20 min after the ablation was per-
formed.

LA anatomical segments (AS) configuration

High density electro-anatomical maps in AF and SR were seg-
mented into six anatomical zones to allow for regional anal-
ysis. These AS comprised the anterior, posterior, roof, floor,
septal and lateral wall segments (Fig. 1). These regions were
further demarcated for detailed LA regional analysis [11], re-
sulting in a total of 120 AS in 10 patients for mapping analysis
in SR and AF.

The pulmonary veins, mitral annulus and transseptal
puncture sites were demarcated at their ostia and then removed
from the FAM to allow for more accurate voltage analysis of
healthy tissue.

Voltage analysis using automated VHA

LA-AS voltage analyses were performed offline using auto-
mated VHA. VHA software analyzed the AS by identifying the
square area of the map that fell under each pre-selected voltage
category, 0.01 - 0.5 mV. This was achieved by assessing the val-
ue of each voltage point attained and assigning the same value to
the surrounding endocardium of a pre-selected distance. For our
study, we assigned a 1 mm? distance or radius from the voltage
point to be assigned with the value of the voltage point. Results
were compiled before being displayed to the operator [4, 10].

All anatomical regions were divided into 10 micro-volt-
age aliquots for VHA analysis, between 0.01 mV and 0.5 mV.
These ranges were 0.01 - 0.05 mV, 0.06 - 0.11 mV, 0.12 - 0.16
mV,0.16-0.20mV, 0.21 - 0.25mV, 0.26 - 0.30 mV, 0.31 - 0.35
mV,0.36-0.41 mV, 0.41 - 0.45 mV, and 0.46 - 0.5 mV. Voltage
< 0.5 mV was considered LVA, which was further sub-catego-
rized as “severe LVAs” for those < 0.2 mV and areas between
0.21 - 0.5 mV “diseased LA tissue”.

This was followed by analysis of individual segments in
both AF and SR. All patient maps were analyzed in this way, and
the output categorized under each voltage range was recorded.

Statistical analysis

Statistical analyses were conducted with IBM SPSS Statistics
Version 26 (IBM Corp, New York, USA). The Shapiro-Wilk
test of normality was performed to assess for normality of dis-
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Figure 1. Left atrial AS. Demonstration of left atrial AS boarders with example of each anatomical region in place during analysis
via VHA. (a) Anterior AS. (b) Roof AS. (c) Floor AS. (d) Posterior AS. (e) Septal AS. (f) Lateral AS. AS: anatomical segment; VHA:

voltage histogram analysis.

tribution. The Student’s #-test or Wilcoxon signed ranks test
were performed as appropriate. Continuous variables are re-
ported as mean =+ one standard deviation.

Spearman’s Rho correlation coefficient was performed to
assess for correlation between continuous variables. Two-tailed
P values of < 0.05 were considered statistically significant.

Results

Patient characteristics

Ten patients met inclusion criteria. Baseline demographics for
all patients are summarized in Table 1. The mean age of the
study cohort was 63 + 13 years. All patients had PeAF that was
treated with at least one antiarrhythmic medication and had
previous synchronized direct current cardioversion (DCCV).

Automated VHA in AF and SR

The LA was subjected to electro-anatomical voltage mapping
in both rhythms for all patients. For our analysis, 58,342 total
points during SR and AF were analyzed via VHA (Fig. 2). We

270 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

Table 1. Baseline Patient Characteristics

Baseline characteristics Cohort
Male sex, n (%) 7 (70%)
Age (years), mean = SD 61.7+£8.9
Persistent AF, n (%) 10 (100%)
IHD, n (%) 3 (30%)
CHA,DS,-VASc, mean + SD 1.6 +1.07
Hypertension, n (%) 4 (40%)
Stroke, n (%) 1 (10%)
Diabetes, n (%) 1 (10%)
Dyslipidemia, n (%) 2 (20%)
LVEF, mean + SD 47.3+4.67%
Beta-blocker, n (%) 10 (100%)
DOAC, n (%) 10 (100%)
Procedure time (min), mean = SD 108.8 = 11.67

Voltage points, mean + SD 5,834.2+1,108.7

Values were described as percentage of total cohort or as mean + SD.
SD: standard deviation; AF: atrial fibrillation; IHD: ischemic heart dis-
ease; LVEF: left ventricular ejection fraction; DOAC: direct oral antico-
agulant.
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Figure 2. Breakdown of data. Map diagram demonstrating number of patients and breakdown of data points. All combined maps
comprised 58,342 voltage points split among 10 patients. Each patient had two maps, one in SR and one in AF. These maps were
divided into six AS, giving us 12 AS per patient and 120 in total. Each AS was divided into 10 voltage aliquots between 0 and 0.5
mV, giving us 1,200 voltage aliquots/data points for comparison. LVA: low voltage area; SR: sinus rhythm; AF: atrial fibrillation;

AS: anatomical segment.

then performed statistical analyses on the VHA outputs. There
was no significant difference in mean measured LA endocar-
dial area between SR and AF (12,119 £ 1,725 mm? in SR vs.
13,557 £ 1,748 mm? in AF; P = 0.13).

Mean LA area values < 0.5 mV

The total regional burden of LVAs (< 0.5 mV) across all ana-
tomical regions, was compared between AF and SR. Signifi-
cant differences were observed between rhythms in every AS.
The most significant inter-rhythmic difference in this voltage
category was noted on the posterior wall, which demonstrated
amean area 0f 204.01 = 172.56 mm? in AF compared to 123.82
+ 132.66 mm? in SR, P < 0.001. This was followed by the lat-
eral wall (AF = 118.46 + 112.14 mm?; SR = 80.71 £ 72.47
mm?, P = 0.003), anterior wall (AF = 183.13 + 171.53 mm?;
SR = 147.85 + 131.77 mm?, P < 0.001), roof (AF = 123.84 +
106.48 mm?2; SR = 102.09 + 96.02 mm?, P < 0.001), floor (AF
=133.29+128.11 mm?; SR =112.61 = 107.5 mm?, P =0.003)
and finally septal wall (AF = 98.88 + 87.88 mm?; SR = 91.87
+72.47 mm?, P=0.001).

Total severe LVA burden

A relatively complex LVA distribution was noted amongst the
study cohort. The mean severe LVAs burden as a total of the
entire LA was 13.7£8.9% when mapped in AF vs. 11+9% when
mapped in SR; P =0.29. When quantifying all LVAs < 0.5 mV
mapped as a proportion of the entire LA, we found a highly
significant difference between both rhythms (41.7+18.9% of
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the LA demonstrated a voltage < 0.5 mV in AF when com-
pared to 25.5+15.7% in SR; P =0.004).

Analysis of “severe LVAs” (< 0.2 mv)

This group contained the values of the four voltage aliquots
listed in section “Voltage analysis using automated VHA”
whose voltages were < 0.2 mV. The total area with values con-
sistent with severe low voltage was found to be comparable in
AF and SR when measured as a mean across all AS, excluding
the posterior wall (SR = 102.14 + 157.47 mm?; AF = 159.03 +
194.65 mm?; P = 0.02). This difference in the posterior region
gave significance to the mean difference of all combined AS
values (AF = 143.41 + 144.23 mm?, SR = 115.89 + 113.61
mm?, P=0.02) (Table 2).

Analysis of “diseased tissue” (0.21 - 0.5 mV)

This group contained the results of six voltage ranges previ-
ously listed in section “Voltage analysis using automated
VHA” with voltages between 0.21 - 0.5 mV. When these volt-
age criteria were applied, we found highly significant differ-
ences between groups. First, there was a significant difference
in diseased tissue when taken as a mean over all segments
(AF = 144.00 + 135.24 mm?; SR = 105.78 + 103.7 mm?, P <
0.0001). We once again found a significant difference on the
posterior wall (AF = 234 + 150.45 mm?; SR = 138.27 + 112.3
mm?2, P<0.0001), in addition to significant differences in read-
ings consistent with diseased tissue noted in the anterior (AF =
220.87 £ 173.07 mm?; SR = 158.53 + 99.22 mm?, P = 0.002),
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Table 2. Low Voltage Area Burden

Voltage <0.2 mV (mean area (mm?) + SD) 0.21 - 0.5 mV (mean area (mm?) + SD)
Rhythm SR (n = 40) AF (n = 40) P value SR (n = 60) AF (n = 60) P value
Mean LA 115.89 + 113.61 143.41 + 144.23 0.02%* 105.78 + 103.7 144.00 + 135.24 <0.001%*
Roof 82.72 +£117.32 83.68 £ 113.56 0.95 115+77.14 150.61 +£93.17 0.01*
Anterior 131.8 £169.53 126.5 +154.57 0.85 158.53 £99.22 220.87 +173.07 0.002*
Lateral 70.5 £ 80.00 73.36 + 67.49 0.81 87.52 £ 66.82 137.05 + 104.99 <0.001%*
Septal 80.99 + 89.03 74.16 = 87.59 0.68 99.123 +73.62 115.37 + 84.83 0.18
Floor 105.1 +134.91 106.42 + 148.67 0.96 117.62 + 85.41 151.2+£110.07 0.052
Posterior 102.14 + 157.47 159.03 + 194.65 0.02% 138.27+112.3 234 +150.45 <0.001%*

*Denotes significance. Compares mean low voltage area between AF and SR for both dense scar (< 0.2 mV), and diseased LA tissue (0.21 - 0.5
mV). These values are compared across every anatomical segment. SD: standard deviation; SR: sinus rhythm; AF: atrial fibrillation; LA: left atrial.

roof (AF = 150.61 +93.17 mm?; SR = 115 + 77.14 mm?, P =
0.01) and lateral regions (AF = 137.05 + 104.99 mm?; SR =
87.52 + 66.82 mm?, P = 0.0002). We found a trend towards
significance on the LA floor (AF = 151.2 £ 110.07 mm?; SR =
117.62 + 85.41 mm?, P = 0.052) with no significant difference
in the septal AS (Table 2).

Correlation coefficient of LVAs < 0.5 mV between AF and
SR

Voltage correlations between all 10 voltage aliquots in both
rhythms were calculated via Spearman’s Rho correlation coef-
ficient. Overall, the combined aliquots < 0.5 mV demonstrated
significant regional correlation in both AF and SR (Table 3). We
found a significant difference in regional LVA across all AS,
which demonstrated a combination of moderate strength (R =
0.4 - 0.59) correlations (roof: R = 0.404, P =< 0.001; posterior:
R=0.437,P<0.001) and weak strength (R =0.2 - 0.39) correla-
tions (lateral: R =0.255, P=0.025; septal: R =0.344, P<0.001;
floor, R =0.291, P =0.003; anterior, R = 0.367, P <0.001).

Correlation coefficient of “severe LVAs” (< 0.2 mV) be-
tween AF and SR

When our analysis focused on four aliquots with values con-

Table 3. Low Voltage Areas (LVAs) Correlation Coefficients

sistent with severe LVAs (< 0.2 mV) compared to higher volt-
ages, we found that the correlation coefficient was greater in
every anatomical region. Areas of very low voltage had good,
significant correlation between AF and SR (range of R =0.395
- 0.555).

Correlation coefficient of “diseased tissue” (0.21 - 0.5 mV)
between AF and SR

When assessing diseased LA (0.21 - 0.5 mV), a nonsignificant
difference in inter-rhythmic variability was noted. The poste-
rior wall demonstrated a weak yet significant correlation (R =
0.314, P=0.015) with a trend towards weak correlation in the
septal (R = 0.252, P = 0.052) and anterior region (R = 0.235,
P=0.071). No significant variability was demonstrated in any
other region within this voltage category. A scatterplot com-
parison of all AS in the severe LVA category and diseased LA
category can be seen in Figure 3.

Discussion

Study findings

This study is in keeping with previous studies demonstrating

AS <0.5mV P value <0.2 mV P value 0.21-0.5mV P value
Roof 0.404 <0.001%* 0.514 0.001* 0.152 0.247
Lateral 0.393 <0.001%* 0.476 <0.001%* 0.165 0.209
Septal 0.344 <0.001%* 0.425 0.006* 0.252 0.052
Floor 0.291 0.003* 0.431 0.005* 0.091 0.49
Posterior 0.437 <0.0001%* 0.555 <0.001%* 0314 0.015*
Anterior 0.367 <0.001%* 0.499 0.001* 0.235 0.071

*Denotes significance. Table demonstrating the correlation coefficient between LVAs identified in atrial fibrillation and sinus rhythm for all AS. Here
we demonstrate values including coefficients for all LVAs, those consistent with dense scar (< 0.2 mV) and those consistent with diseased tissue

(0.21 - 0.5 mV). AS: anatomical segment.
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Figure 3. *Denotes significance. Correlation coefficient scatterplots. Scatterplots demonstrating correlation coefficients between
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Figure 3. (continued) *Denotes significance. Correlation coefficient scatterplots. Scatterplots demonstrating correlation coef-
ficients between rhythms at different ranges, < 0.2 mV (group 1) and 0.21 - 0.5 mV (group 2). (a, b) Roof AS in group 1 and 2,
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respectively. AS: anatomical segment.

an overall greater area of LA endocardium may be categorized
as low voltage (< 0.5 mV) when measured in AF than in SR.
Automated VHA permitted the characterization of high densi-
ty and more detailed voltages in the left atrium, which allowed
us to quantify rhythm variabilities across a wide spectrum of
voltages (0.01 - 0.5 mV).

Mapping rhythm influenced all LVA ranges when analyz-
ing voltage ranges from 0.21 to 0.5 mV (designated as “dis-
cased LA tissue” in this study). Notably, there was a great
disparity between readings with AF mapping yielding signifi-
cantly more area of “diseased LA tissue”. In this range, there

was no significant correlation between values obtained be-
tween AF and SR except on the posterior wall.

Comparatively, at voltage ranges < 0.2 mV (termed “se-
vere LVAs”), we found no significant difference in LVA burden
in most segments when we compared maps in AF and SR, ex-
cept for the posterior wall that demonstrated higher quantities
of “severe LVAs” when mapped in AF. Our findings would
suggest that “severe LVAs” identification, when mapped in ei-
ther AF or SR, correlates well with anatomical location and
has no significant difference with respect to total LVA burden,
except for in the posterior wall.
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While not clinically significant, we also found that the
mean LA endocardial area differed between SR and AF by
more than 10%. Given that atrial endocardial area is propor-
tionately related to atrial volume and end diastolic pressure,
we hypothesize that the return of a meaningful synchronized
atrial contraction with SR reduced end diastolic pressure in the
atrium acutely, thereby leading to a reduction in mapped vol-
ume.

Voltage correlation AF to SR

In our study we found a strong correlation between SR and
AF at voltages consistent with “severe LVAs”, with no sig-
nificant difference found in any area except the posterior wall
[11]. However, a similar trend was not observed with respect
to voltages of “diseased tissue”.

When “severe LVAs” were analyzed, the disparity between
rhythms became statistically insignificant. Possible reasons for
these findings include the presence of AF itself, which may
have resulted in lower voltages from the fibrillatory wall; the
association between faster AF cycle length and lower voltages
obtained via BiV mapping [12]; as well as multiple depolari-
zation wavefront collisions and a faster intrinsic rate attribut-
able to AF. The latter may lead to zones of impaired functional
conduction undergoing different stages of depolarization and
repolarization. These features may increase the perceived bur-
den of LVAs when measured in AF [13]. Other factors that are
associated with an increased risk of AF and may have impact-
ed on voltage include the presence of baseline characteristics,
such as hyperthyroidism [14] and structural channelopathies
[15], and lifestyle factors such as endurance sport and smoking
[16]. The use of amiodarone, however, does not affect volt-
age [17]. Nonetheless, the stability of catheters, filters to non-
physiologic electrogram (EGM), and data homogenization are
advantages when using the VHA tool and hence, mitigate these
considerations.

Voltage as a surrogate for scar identification

Our study hopes to aid understanding of how mapping rhythm
and the electrophysiological conditions associated with AF
influences the voltages obtained via BiV mapping. Currently
BiV is used as a surrogate for LA scar identification although
it has limitations. It has been shown to correlate well to LGE-
MRI, which is the gold standard in identification of LA scar
[18, 19], but there are other variables which may influence
the voltage [20-22]. Much of the spectrum of scar creation is
visible via LGE-MRI, this includes compact collagenous scar
which is usually surrounded by various types of non-compact
arrhythmogenic scar in a diffuse, patchy or interstitial distribu-
tion [23]. This level of qualitative scar analysis is not available
with BiV but some understanding this may be borne out as we
further understand the relationship between mapping rhythm
and electrophysiological environment created by AF to volt-
ages obtained.

Our study found a greater difference in voltage disparity
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between AF to SR which may explained in part by the fact that
our entire cohort was entirely PeAF rather than paroxysmal
AF like previous work by Yagishita et al, who included both
PeAF and paroxysmal AF [8]. Similar findings of higher volt-
age readings in those with paroxysmal AF when compared to
PeAF was also observed [8].

The progressive nature of AF is accompanied by wide-
spread electrophysiological remodeling. Mapping LVAs in
AF rather than SR may be more subjective to the presence of
subtle functional electrophysiological remodeling of uncertain
significance, including slowed conduction zones and multiple
wavelet interaction points or re-entry points [20].

Anatomical distribution of severe LVAs outside of WACA
lines

Some newer studies suggest that additional substrate modifica-
tion of extra-pulmonary vein sites may result in longer freedom
from disease in those with PeAF [24, 25]. Hence, we focused
on the identification of severe LVAs outside of the PV antra.

We excluded the WACA anatomical areas from our study
as patients underwent PVI with WACA lines only during their
procedure and this would greatly offset the data in their second
map. Similarly, it was found in previous literature that the PVs
and PV antra had lowest voltages in AF compared to SR in
those with paroxysmal or PeAF, hence the decision to exclude
those area was to avoid surplus results [8].

Our study has found that the posterior wall demonstrated
the greatest difference in measured voltages than any other an-
atomical region. This was not only evident in the “diseased tis-
sue” category but also the “severe LVAs” voltage range. These
findings are in keeping with a study by Benito et al, who found
a propensity for scar tissue on the posterior wall as identified
via LGE-MRI [26].

Posterior wall unique electrophysiology

Our cohort had a significant complex LVA distribution as out-
lined above. This may be a property of the endocardium when
in the presence of more established scar to demonstrate com-
paratively lower voltages when mapped in AF compared to
SR. Similarly, Yagishita et al [8] found that LA voltages show
greater correlation between rhythms when measured in parox-
ysmal rather than more established AF.

Additionally, the posterior wall contains multiple mecha-
nisms and properties that are unique compared to other atrial
walls such as having a lower resting membrane potential, short
action-potential duration, and refractory periods [9, 10].

In the posterior wall we find an assortment of heterogene-
ously juxtaposing muscle bundles, some of which encircle the
pulmonary vein ostia, while others extend vertically, obliquely
and laterally [10, 11].

The presence of these anisotropic bundles may result in
functional block and variation of wavefront propagation, lead-
ing to slowed conduction between neighbouring fibres [12].
The voltage decompensation resulting from myocardial condi-
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tions created by AF (multi-directional wavelet propagation and
faster cycle length) may be more potent on the posterior wall
due to shorter action potential and refractory periods in addi-
tion to these juxtaposing muscle bundles [27-29].

Study novelty

The novelty of the current study is reflected by the study
technique and clinically significant results which will serve
to guide intraprocedural techniques. This manuscript uti-
lized high density regional LA voltage analysis, allowing for
much higher numbers of voltage points to be included in the
data than previous studies [8]. This study results also focus
on the burden of LA scar and LVAs between AF and SR on
regional walls, rather than individual point voltage point cor-
relation. This focus of results allows for more readily trans-
latable findings into prognostication and decision making for
electrophysiologists during ablation mapping. Finally, our data
suggest that the posterior wall has unique electrophysiological
characteristics that lead to a greater disparity in perceived LVA
burden when mapped in AF than SR compared to other walls.

Limitations

This is a retrospective, offline voltage analysis in 10 patients
with PeAF undergoing radiofrequency (RF) ablation at our
center. With our limited cohort size, the high-quality and
high-density data were innately more vulnerable to individu-
al patient characteristics than a larger sample size would be.
Furthermore, since SR mapping was performed after WACA
ablation and DCCYV, it remains unknown as to what extent the
electrical remodeling induced by AF may alter the voltages
obtained in the second SR map. As we utilized the PentaRay
mapping catheter, these results may not necessarily be general-
ized to other mapping systems.

Given the fact that catheter contact force may influence
voltage recordings, we ensured that electrodes were held in
place with a consistent force for several seconds in each spot
until clear stable electrograms were obtained. However, we
also note that this may not entirely mitigate potential issues
arising from the retrospective and offline nature of the analy-
sis. We also confirm all attempts were made to homogenize the
procedure protocol. This may overcome the retrospective and
offline nature of the analysis as all other procedurals variables
were fixed. Finally, we analyzed more than 57,000 points to
empower the analysis and override any potential selection bias
or other competing factors.

Conclusions

Overall, LVAs in AF were significantly greater than SR in the
same atria. The “severe LVA” (< 0.2 mV) burden was similar
between rhythms in most segments except the posterior wall,
where it was significantly higher. There was overall good cor-
relation of values between rhythms at very low voltage. Con-
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trary to this, “diseased tissue” (0.21 - 0.5 mV) burden was
significantly higher in AF than SR across all segments, and
concomitantly these areas showed weaker or no correlation be-
tween rhythms suggesting a greater influence of atrial rhythm
on mapping voltage results in this range.

Hence, the distribution of LVAs when measured in AF may
be misleading or overestimated to different extents depending
on whether voltages are < 0.2 mV or 0.21 - 0.5 mV. Further
larger prospective studies with regional voltage analysis are
warranted to help guide clinical decision making.
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