Formation of low-voltage zones
on the anterior left atrial wall due to mechanical

compression by the ascending aorta
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Abstract

Background: Although low-voltage zones (LVZs) in the left atrium (LA) are con-
sidered arrhythmogenic substrates in some patients with atrial fibrillation (AF), the
pathophysiologic factors responsible for LVZ formations remain unclear.
Objective: To elucidate the anatomical relationship between the LA and ascending
aorta responsible for anterior LA wall remodeling.

Methods: We assessed the relationship between existence of LVZs on the anterior
LA wall and the three-dimensional computed tomography image measurements in
102 patients who underwent AF ablation.

Results: Twenty-nine patients (28%) had LVZs grearer than 1.0 cm? on the LA wall
in the LA-ascending aorta contact area (LVZ group); no LVZs were seen in the other
73 patients (no-LVZ group). The LVZ group (vs. no-LVZ group) had a smaller aorta-
LA angle (21.0 £ 7.7° vs. 24.9 £ 7.1°, p = .015), greater aorta-left-ventricle (LV) angle
(131.3+8.8° vs. 126.0+7.9° p =.005), greater diameter of the noncoronary cusp
(NCC; 20.4 £ 2.2 vs. 19.3+2.5mm; p =.036), thinner LA wall-thickness adjacent to
the NCC (2.3+0.7 vs. 2.8+0.8 mm; p=.006), and greater cardiothoracic ratio
(percentage of the area in the thoracic area, 40.1+7.1% vs. 35.4+5.7%, p <.001).
The aorta-LA angle correlated positively with the patients’ body mass index (BMI),
and the aorta-LV angle correlated negatively with the body weight and BMI.
Conclusion: Deviation of the ascending aorta's course and distention of the NCC
appear to be related to the development of LA anterior wall LVZs in the LA-
ascending aorta contact area. Mechanical pressure exerted by extracardiac struc-
tures on the LA along with the limited thoracic space may contribute to the de-

velopment of LVZs associated with AF.
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1 | INTRODUCTION

Evidence suggests that “atrial fibrillation (AF) begets AF,” meaning
that AF promotes left atrial (LA) remodeling electrophysiologically
and structurally, and vice versa.® Use of a mapping system that al-
lows electrophysiological and anatomical information to be combined
has shown that LA remodeling can ultimately manifest as low-voltage
zones (LVZs).? Previously reported studies have shown the existence
of LVZs in the LA to be a strong predictor of AF recurrence after
pulmonary vein isolation (PVI),° and LVZ ablation added to the PVI
has been shown to improve the ablation outcomes.” LVZs are com-
monly seen on the anterior LA wall in patients with AF,”"7 but the
pathophysiologic factors responsible for development of such LVZs
have not been fully elucidated. Mechanical compression of the LA by
extracardiac structures such as the vertebrae and descending aorta
has been associated with development of LVZs on the posterior LA
wall.” On the basis of this reported association, we hypothesized that
mechanical compression by an anatomically deviated or expanded
ascending aorta is, at least in part, responsible for development of
LVZs on the anterior wall of the LA. We conducted a retrospective
study in which we evaluated the relationship between the anatomical
features of the ascending aorta and sinus of Valsalva and distribution
of the LVZs on the anterior LA wall in patients with AF.

2 | METHODS

2.1 | Study patients

The study included 102 patients (77 men, 25 women; mean age
64 £ 10 years) who had undergone radiofrequency (RF) ablation of
AF at Nihon University Itabashi Hospital or Kawaguchi Municipal
Medical Center between September 2016 and April 2019. Before
the ablation procedure, all had undergone cardiac computed tomo-
graphy (CT) and transthoracic echocardiography, all had undergone
voltage mapping during sinus rhythm. The study was approved by
Nihon University Itabashi Hospital Clinical Research Judging Com-

mittee and Kawaguchi Municipal Medical Center Ethics Committee.

2.2 | Cardiac imaging and the image analyses

A median of 14 (8, 16) days before the ablation procedure, multi-
detector helical three-dimensional (3D) CT was performed with a
320-row detector, dynamic volume CT scanner (Aquilion ONE;
Toshiba Medical Systems). The scanning was performed at a slice
thickness of 0.5 mm, gantry rotation time of 350 ms, tube voltage of
120 kV, and tube current of 300-580 mA for optimum detection of
fine structures (resolution of approximately 0.3 mm). Each patient's
heart rate was maintained at less than 65 bpm by administration of
landiolol, and nonionic iodinated contrast (lomeron, Eisai Co) was

injected at 0.07 ml/kg/s for 9s. The timing of the image acquisition

was determined by bolus tracking software; imaging was initiated
when contrast reached the LA. End-expiratory phase images were
obtained by gating the image acquisition to 65%-75% of the R-R
interval on the lead Il electrocardiogram during sinus rhythm or AF
rhythm. The acquired CT images were transferred to a workstation
(ZIO M900 3.0; QUADRA: Amin Co., Ltd.).

For the purpose of the study, we measured the angles between the
LA and extracardiac structures in all patients. These were the angle
between the midline of the ascending aorta and midline of the LA
(aorta-LA angle), that is, line connecting the right PV carina to the
center of the mitral valve (Figure 1A), and the angle between the
midline of the ascending aorta and left ventricle (aorta-LV angle), that
is, line connecting the mitral valve and LV apex (Figure 1B). The surface
diameter of each aortic valve cusp (LCC, left coronary cusp; NCC,
noncoronary cusp; RCC, right coronary cusp), and the LA wall thickness
adjacent to the NCC and LCC were also measured (Figure 1C). Fur-
thermore, the thoracic area was calculated with multiplication of the
semi-major axis and semiminor axis of the thorax and 1 in the CT
image at the level of the five-chamber view including the atria, ven-
tricles, and the sinus of Valsalva (Figure 1D). The cardiac area was
measured by tracing in the same CT image. The cardiothoracic ratio
was calculated as a percentage of the cardiac area in the thoracic area.

2.3 | Electrophysiologic study with 3D voltage
mapping

All antiarrhythmic drugs had been discontinued for at least five half-
lives and the electrophysiologic study with voltage mapping was
performed under conscious sedation achieved with dexmedetomi-
dine, propofol, and fentanyl.>” Two long sheaths (an Agilis steerable
sheath and an SLO sheath; St. Jude Medical Inc.) were positioned in
the LA, after the transseptal puncture. If the patient was in an AF
rhythm, low energy (10-20)) intracardiac cardioversion was per-
formed with the use of a BeeAT catheter (Japan Lifeline) placed in
the coronary sinus. An activated clotting time over 300s was
maintained during the procedure by administration of heparin. After
the maximum, minimum and average LA pressure were measured
through the SLO during sinus rhythm, the study was performed with
use of a 3D mapping system (CARTO 3; Biosense Webster) and a
multispline catheter with 2-mm interelectrode spacing (Pentaray
NAV; Biosense Webster).

High-density electroanatomical maps were obtained during sinus
rhythm. Bipolar signals were acquired, with a high-pass filter set at
30Hz and low-pass filter set at 500 Hz. LVZs were identified as
areas with a bipolar peak-to-peak voltage amplitude of less than
0.5 mV.*7191 |n addition, the ascending aorta was reconstructed by
means of the 3D mapping system and merged with the LA voltage
map. The electroanatomical maps were merged with the CT images
that had been obtained. For the purpose of the study, we measured
the LVZs on the anterior LA wall in the areas of contact between the

LA and the ascending aorta and sinus of Valsalva.
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FIGURE 1 Representative three-dimensional computed tomography images showing how the aorta-left atrium angle (A), aorta-left
ventricle angle (B), diameter of coronary cusp, LA wall thickness adjacent to the NCC and LCC (C), semimajor axis, minor axis, and cardiac area
(D) are measured. Calculation formula of the thoracic area and cardiothoracic ratio (D). Ao, ascending aorta; LA, left atrium; LCC, left coronary
cusp; LV, left ventricle; LVZ, low-voltage zone; NCC, noncoronary cusp; RCC, right coronary cusp

2.4 | Ablation procedure

Ablation was guided by the CARTO 3 mapping system, and RF en-
ergy was applied by means of a 3.5-mm open-irrigated-tip catheter
(Navistar ThermoCoolSmartTouch SF; Biosense Webster) at an irri-
gation flow rate of 17-30 ml/min, power of 25-35W, and tem-
perature of 45°C, under sedation achieved by continuous infusion of
propofol and dexmedetomidine and intermittent administration of
fentanyl. RF was delivered point-by-point with a target contact force
of more than 10 g, target ablation indices of 450 on the anterior wall
and 400 on the posterior wall, and an interlesion distance of less
than 6 mm. A real-time automated tagging module (VisiTag Module,
CARTOB3; Biosense Webster) was used to assist in the creation of a
contiguous PVI circle. To prevent esophageal injury, the RF appli-
cations were terminated when the probe-monitored esophageal
temperature reached 40°C or higher. The ipsilateral PVs were ab-
lated circumferentially, and successful PVI was affirmed by absence

of LA conduction. At least 30 min after the PVI, 30 mg of adenosine
triphosphate was injected to confirm PV conduction block. After the
procedure, burst pacing was performed to induce AF or atrial ta-
chycardia (AT), including common atrial flutter (AFL). If AT was in-
duced, activation mapping during AT and/or entrainment pacing was
performed to diagnose the tachycardia circuit. AF sustainment was
defined as AF lasting longer than 30s. Electrograms were recorded

on a LabSystem PRO (Bard Electrophysiology).

2.5 | Follow-up

Antiarrhythmic drugs were resumed after ablation at the dis-
cretion of the attending physician. All patients were followed-up
at our outpatient clinic, where 12-lead electrocardiograms were
recorded at 2 weeks, 1 month, and then every 1-3 months after

the procedure. Twenty-four-hour Holter recordings were
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performed 3-6 months after the ablation; the blanking period

TABLE 1 Patient clinical characteristics, echocardiographic
variables, and left atrial pressure, per study group

was 3 months. Recurrence was defined as any symptomatic or

documented atrial arrhythmia including AF and AT lasting 30 s or LVZ group No-LVZ group
longer. (n=29) (n=73) p Value®
Clinical characteristics
.. Age (years) 67+9 63+10 .06
2.6 | Data and statistical analyses
Male sex, n (%) 17 (58) 60 (82) 01
We divided the patients into those with LVZs above 1.0 cm? on the BW (kg) 62+14 69+12 01
anterior LA wall in the LA-ascending aorta contact area (LVZ group)® BMI (kg/m?) 24+5 25+ 4 27
and those without such LVZs (no-LVZ group). We then compared the Paroxysmal AF, n (%) 13 (45) 38 (52) 51
variables and measurements between the two groups.
1 0,
Continuous variables are expressed as mean + SD values or median Hypertension, n (%) 17.69) 41(56) 82
and interquartile range, and categorical variables are expressed as the Diabetes mellitus, 2(7) 7 (10) 67
0,
number and percentage of patients. A Student's t test or Mann-Whitney n (%)
U test was used, as appropriate, to analyze the between-group differ- Heart failure, n (%) 4 (14) 8 (11) .69
ences in the continuous variables, and a chi-square test was used to Prior stroke, n (%) 4 (14) 5(7) 26
analyze the between-group differences in the dichotomous variables lschemic heart 0(0) 3(4) 27
unless the expected values in the cells were less than 5, in which case a disease, n (%)
Fisher's exact test was used. The strength of the relationship between
. . . ) . CHADS; score 1(1-2) 1(0-2) 27
the continuous variables (body weight [BW], maximum LA pressure, size
of the LVZs in the LA-ascending aorta contact areas, aorta-LA angle, Ant|arrhyt(r;n;|c drug 20 (69) 37.(51) 09
use, n
aorta-LV angle, NCC diameter, LA wall thickness adjacent to the NCC, §
semimajor axis, and cardiothoracic ratio) was assessed on the basis of the Class |, n (%) 5(17) 13(18) 95
Pearson's correlation coefficient. All statistical analyses were performed Class I, n (%) 1(3) 1(1) 49
with JMP 11 software (SAS Institute), and a p<.05 was considered Class IV, n (%) 16 (55) 26 (36) 07
statistically significant.
B-Blocker, n (%) 12 (41) 37 (51) 40
Serum creatinine 0.88+0.20 0.86+0.17 .56
(mg/dl)
3 | RESULTS &
NT-proBNP (pg/ml) 224 218 (74-774) 24
. . 4 . . (119-120-
3.1 | Patient characteristics, echocardiographic 3)
variables, and LA pressure
Initial AF ablation, 7 (24) 10 (14) .20
) n (%)
Of the 102 patients with AF, 29 (28%) had LVZs above 1.0 cm* on
the anterior LA wall in the LA-ascending aorta contact areas (LVZ SelnoEETE SR EEIE VL e
group), and the other 73 patients had no such LVZs (no-LVZ group). LVEF (%) 6510 66+ 10 67
The clinical characteristics of the patients, their echocardiographic LAD (mm) 42+7 41+8 77
variables, and LA pressures are shown per study group in Table 1. A LvDd (mm) 45+ 6 48+5 052
male sex was significantly less prevalent and the BW was sig-
. . . LVD: 29+7 306 57
nificantly lower in the LVZ group than no-LVZ group. The maximum s (mm)
LA pressure was significantly greater in the LVZ group than no-LVZ E/e’ 108+38 100+4.2 43
group, and the average LA pressure tended to be greater in the LVZ Valvular disease (moderate or severe)
group. There were no significant between-group differences in the AR/AS, n (%) 207) 1(1) 13
comorbidities, prevalence of paroxysmal AF, CHADS, scores, AF-
MR, n (% 0 (O 4(5 .20
associated biomarkers, use of antiarrhythmic drugs before the pro- n (%) © 2
cedure, echocardiographic measurements, and assessment of the LA pressure, n (%) 18 (62) 40 (55) -50
moderate or severe valvular diseases. Maximum (mmHg) 18+4 15+5 .03
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TABLE 1 (Continued)

LVZ group No-LVZ group

(n=29) (n=73) p Value®
Minimum (mmHg) 7+4 5+3 .10
Average (mmHg) 11+4 9+3 .06

Note: Mean + SD or median (interquartile range) values or number (%) of
patients are shown.

Abbreviations: AF, atrial fibrillation; AR, aortic regurgitation; AS, aortic
stenosis; AT, atrial tachycardia; BMI, body mass index; BW, body weight;
LA, left atrial; LAD, left atrial diameter; LVDd, left ventricular diastolic
diameter; LVDs, left ventricular systolic diameter; LVEF, left ventricular
ejection fraction; LVZ, low-voltage zone; MR, mitral regurgitation.

4LVZ group versus no-LVZ group.

3.2 | Association between anatomical and
electrophysiologic features and LVZs

Electrophysiologic features of the LVZs and CT-based measurements
are shown per study group in Table 2. On the voltage mapping,
1263 + 623 points were obtained per patient. In all patients, the NCC
and LCC were adjacent to the anterior LA wall, and all anterior LVZ

TABLE 2 Electrophysiologic and
computed tomography-based study data,
per study group

RIPV

FIGURE 2 Representative bipolar voltage map of the left atrium
in a patient with LVZs on the anterior LA wall in the LA-ascending
aorta contact area. The blue, green, yellow, orange, and red areas
indicate LVZs (<0.5 mV), and the purple areas are those of higher
voltage (20.5 mV).

LSPV, left atrial pulmonary vein; LVZs, low-voltage zones; RIPV, right
inferior pulmonary vein, RSPV, right superior pulmonary vein

areas were adjacent to these cusps. A 3D mapping image and ana-
tomical contact between the LA and ascending aorta in a patient with
such LVZs is shown in Figure 2. Median size (area) of the LVZs in the
LA-ascending aorta contact areas was 2.3 (1.1-4.0) cm?.

Electrophysiologic features

Number of voltage mapping points

LVZ size (mm?) (at LA-ascending aorta

contact areas)

CT-based measurements

Aorta-LA angle (°)

Aorta-LV angle (°)

NCC diameter (mm)
LCC diameter (mm)
RCC diameter (mm)

LA wall thickness adjacent to the
NCC (mm)

LA wall thickness adjacent to the
LCC (mm)

Semimajor axis (cm)
Minor axis (cm)
Thoracic area (cm?)
Cardiac area (cm?)

Cardiothoracic ratio (%)

Note: Mean + SD or median (interquartile range) values are shown.

Lvz No-LVZ

group (n=29) group (n=73) p Value®
1431+ 757 1197 £ 553 .10
2.3 (1.1-4.0) 0 (0-0) <.0001
21.0+7.0 249+7.1 .02
131.3+8.8 1260+7.9 .005
204122 19.3+2.5 .04
18.7+2.5 19.3+2.7 .35
18.6+2.5 19.3+2.7 26
2.3+x0.7 2.8+0.8 .006
2.8+0.9 29+10 .60
121+1.0 126+1.0 .04
140+1.7 143+ 1.6 .35
266 + 39 283+41 .06
106 £ 24 100 £ 20 .18
40.1+7.1 354+57 <.001

Abbreviations: LA, left atrium; LCC, left coronary cusp; LVZ, low-voltage zone; NCC, noncoronary

cusp; RCC, right coronary cusp.
4LVZ group versus no-LVZ group.



HAYASHIDA €T AL

NCC
17.2 A 27mm LA

mm

No LVZ group

.
Cardiac area

\

Semimajor
axis

No LVZ group i LVZ group

Thoracic area= 362cm? Thoracic area= 241cm?2
Cardiothoracic ratio= 26.5% Cardiothoracic ratio= 52.7%

FIGURE 3 Representative three-dimensional
computed tomography images showing the
measurements of the aorta-left atrium angle (A),
aorta-left ventricle angle (B), coronary cusp (C),
parameter of the cardiac area and thoracic area,
and cardiothoracic ratio (D) in patients without
LVZs (left panels) and patients with LVZs (right
panel). Ao, ascending aorta; LA, left atrium; LCC,
left coronary cusp; LV, left ventricle; LVZ, low-
voltage zone; NCC, noncoronary cusp; RCC, right
coronary cusp
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The aorta-LA angle was smaller (21.0+7.7° vs. 24.9+7.1°;

p=.02), aorta-LV angle larger (131.3+8.8° vs. 126.0+7.9°
p=.005), NCC surface diameter greater (20.4+2.2 vs.
19.3+2.5mm; p=.04), and cardiothoracic ratio greater

(40.1£7.1% vs. 35.4+5.7%; p <.001) in the LVZ group than no-
LVZ group. The thoracic area in the LVZ group tended to be
smaller than in the no-LVZ group (266.3+39.1 vs.
283.3+40.5 cm?; p=.06) (Figure 3A-D).

Results of the correlation analysis are shown in Figures 4 and
5. A significant inverse correlation was found between the size of
the LVZs in the LA-ascending aorta contact areas and size of the
aorta-LA angle, and a significant positive correlation was found
between the size of these LVZs and size of the aorta-LV angle
and of the NCC diameter (Figure 4). Furthermore, the LA wall
thickness adjacent to the NCC was thinner in the LVZ group than
no-LVZ group (2.3+0.7 vs. 2.8 £ 0.8 mm, p =.006), but there were
no between-group differences in the diameters of the RCC and
LCC or the LA wall thickness adjacent to the LCC (Figure 3C). A
significant inverse correlation was found between the aorta-LV
angle and patients’ BW and body mass index (BMI), and a sig-
nificant positive correlation was found between the aorta-LA
angle and patients’ BMI (Figure 5).
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3.3 | AF/AT inducibility and recurrence

After the PVI, the AT inducibility and AF sustainment were similar
between the 2 groups (Table 3). During a median follow-up period of
12.8 months (7.5-25.3) AF recurred in 20 patients (20%) and AT was
documented in 10 patients (10%). The recurrences of AF and AT

were similar between two groups (Table 3).

4 | DISCUSSION

4.1 | Main findings

Our main findings were as follows: (1) A female sex was more pre-
valent, BW lower, the cardiothoracic ratio greater, and the distance
between the LA wall thickness adjacent to the NCC thinner in the
LVZ group than no-LVZ group; (2) the size (area) of the LVZs on the
anterior LA wall in the LA-ascending aorta contact areas correlated
negatively with the aorta-LA angle and positively with the aorta-LV
angle and NCC diameter; and (3) the aorta-LV angle correlated ne-
gatively with the BW and BMI, whereas the aorta-LA angle corre-
lated positively with the BMI.
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FIGURE 4 Scatterplots showing the correlation between the low-voltage zones (LVZs) (n= 102, 0-8.4 cm?) in the LA-ascending aorta
contact area and aorta-LA angle (upper left panel), aorta-LV angle (upper right panel), and noncoronary cusp (NCC) diameter (lower panel).

LA, left atrium; LV, left ventricle
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FIGURE 5 Scatterplots showing the correlation between the patients’ body weight (BW) and body mass index (BMI) and the aorta-LA angle
(left panels) and aorta-LV angle (right panels). LA, left atrium; LV, left ventricle

In general, LVZs are commonly seen in patients with AF. The
incidence among patients with persistent AF is 35%, and among
patients with paroxysmal AF, the incidence is 10%. LVZs have
been shown to independently predict AF recurrence after the
PVI,>*? and LVZs reflecting LA remodeling are frequently de-
tected on the anterior LA wall.>%* With the ascending aorta
being the structure closest to the LA, we hypothesized that
mechanical compression caused by an anatomically deviated or
expanded ascending aorta leads to the development of LVZs on
the anterior LA wall.® The aorta-LA angle was narrow and the
aorta-LV angle was wide in our study patients with anterior LA
wall LVZs, suggesting that the ascending aorta had sunk into the
anterior LA wall due a deviation in its course and distention of
the NCC. These deformities might have been the result of aortic
root dilation due to aging and hypertension.’>'* The NCC is
adjacent to the anterior LA wall, and, because of the relatively
low LA pressure, it might easily collapse against the LA. Our
anatomical findings support our hypothesis. The increased LA
pressure in the LVZ group also supports our hypothesis.

The anterior LA wall LVZs were more prevalent among fe-

male patients and patients with a lower BW. Furthermore, in our

data, the LVZ group had a higher cardiothoracic ratio with a
tendency of a smaller thoracic area. A deviation in the course of
the ascending aorta and a dilated sinus of Valsalva in patients
with a small thoracic cavity may increase the intrathoracic
pressure. Mechanical compression of the LA by the aorta might
promote local myocardial fibrosis and electrophysiologic re-
modeling. In such cases, the intrathoracic space, which normally
compensates for the pressure gradient, would be limited.

We, thus, suggest that dilation of the aortic root leads to the
development of LVZs on the anterior LA wall. LA remodeling is
generally thought to be related to the arrhythmic substrate. How-
ever, in our study, we found no association between LVZs on the
anterior LA wall and AF sustainment/AT inducibility during the
procedure after the PVI or AF/AT recurrence after ablation. Despite
no statistically significance, the percentage of the post-PVI in-
ducibility of LA flutter during the procedure was appropriately
double in the LVZ group (21% vs. 12% in no-LVZ group, p =.28).
Therefore, remodeling of the anterior LA wall may contribute a little
to the arrhythmic substrate, and catheter ablation of LVZs on the
anterior LA wall might not always be a critical target for the pre-
vention of AF or AT recurrences.
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TABLE 3 Arrhythmogenicity and arrhythmia substrate after the
ablation procedure, per study group

Lvz No-LVZ
group group
(n=29) (n=73) p Value®
During the procedure after the PVI
AF sustainment, n (%) 11 (38) 23 (32) .53
AT inducibility, n (%)
LA flutter 6 (21) 9 (12) .28
Common AFL 3 (10) 9 (12) 78
Antiarrhythmic drug use 18 (62) 50 (68) .53
after ablation
Class | 6 (21) 12 (16) .61
Class Il 1(3) 2 (3) .85
Class IV 14 (48) 38 (52) .73
Recurrence during the follow-up period, n (%)
Any atrial arrhythmia 8 (28) 18 (25) 76
AF 6 (21) 14 (19) .86
AT 3(10) 7 (10) 91

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; AT, atrial
tachycardia; LA, left atrium; LVZ, low-voltage zone; PVI, pulmonary vein
isolation.

4LVZ group versus no-LVZ group.

4.2 | Limitations

Our study was limited by its execution as a retrospective study of a
relatively small group of patients. In addition, the patient characteristics
that might have influenced the study results were not controlled for.
Nonetheless, we meticulously evaluated the factors potentially support-
ing our hypothesis that LVZs on the anterior LA wall develop as a result
of a deviated aorta and increased LA pressure. Another limitation is that
intracardiac cardioversion was performed in patients who were in AF
rhythm before voltage mapping, and the LA voltage measured im-
mediately after defibrillation might not be accurate. Further, especially in
the patients with persistent AF, the voltage maps obtained during sinus
rhythm might not have corresponded precisely to the anatomy depicted
by the CT performed during AF because of the difference in the rhythm
and time between the CT study and ablation.

5 | CONCLUSION

In examining the relationship between the anatomical features of the
ascending aorta and sinus of Valsalva and distribution of the LVZs on the
anterior LA wall in patients with AF, we found that a relatively small
intrathoracic space along with a relatively low BW and BMI might affect
the course of the ascending aorta and lead to mechanical compression of

the LA. In addition to this anatomical change, distention of the NCC, an

increased LA pressure, and sinking of the ascending aorta into the
anterior LA appear to promote the development of LVZs on the anterior
LA wall. Progressive remodeling of the anterior LA wall may not be

implicated in LA arrhythmogenicity.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID
Satoshi Hayashida

Koichi Nagashima

http://orcid.org/0000-0002-8240-6201
http://orcid.org/0000-0003-2326-225X
http://orcid.org/0000-0002-1540-8514
http://orcid.org/0000-0002-6931-8522

Yuji Wakamatsu
Naoto Otsuka

REFERENCES

1.  Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation
begets atrial fibrillation. A study in awake chronically instrumented
goats. Circulation. 1995;92(7):1954-1968.

2. Hohendanner F, Romero |, Blaschke F, et al. Extent and magnitude
of low-voltage areas assessed by ultra-high-density electro-
anatomical mapping correlate with left atrial function. Int J Cardiol.
2018;272:108-112.

3. Verma A, Wazni OM, Marrouche NF, et al. Pre-existent left atrial
scarring in patients undergoing pulmonary vein antrum isolation: an
independent predictor of procedural failure. J Am Coll Cardiol. 2005;
45(2):285-292.

4. Rolf S, Kircher S, Arya A, et al. Tailored atrial substrate modification
based on low-voltage areas in catheter ablation of atrial fibrillation.
Circ Arrhythm Electrophysiol. 2014;7(5):825-833.

5. Hori Y, Nakahara S, Tsukada N, et al. The influence of the external
structures in atrial fibrillation patients: relationship to focal low
voltage areas in the left atrium. Int J Cardiol. 2015;181:225-231.

6. Nakahara S, Yamaguchi T, Hori Y, et al. Spatial relation between left
atrial anatomical contact areas and circular activation in persistent
atrial fibrillation. J Cardiovasc Electrophysiol. 2016;27(5):515-523.

7. Nakahara S, Hori Y, Nishiyama N, et al. Influence of the left atrial
contact areas on fixed low-voltage zones during atrial fibrillation
and sinus rhythm in persistent atrial fibrillation. J Cardiovasc
Electrophysiol. 2017;28(11):1259-1268.

8. Wakamatsu Y, Nagashima K, Watanabe |, et al. The modified ablation
index: a novel determinant of acute pulmonary vein reconnections after
pulmonary vein isolation. J Interv Card Electrophysiol. 2019;55(3):
277-285.

9. Nagashima K, Watanabe I, Okumura Y, et al. High-voltage zones
within the pulmonary vein antra: major determinants of acute pul-
monary vein reconnections after atrial fibrillation ablation. J Interv
Card Electrophysiol. 2017;49(2):137-145.

10. Hori Y, Nakahara S, Nishiyama N, et al. Impact of low-voltage zones
on the left atrial anterior wall on the reduction in the left atrial
appendage flow velocity in persistent atrial fibrillation patients.
J Interv Card Electrophysiol. 2019;56(3):299-306.

11. Kumagai K, Toyama H, Zhang B. Effects of additional ablation of
low-voltage areas after Box isolation for persistent atrial fibrillation.
J Arrhythm. 2019;35(2):197-204.

12. Oakes RS, Badger TJ, Kholmovski EG, et al. Detection and quantification
of left atrial structural remodeling with delayed-enhancement magnetic
resonance imaging in patients with atrial fibrillation. Circulation. 2009;
119(13):1758-1767.


http://orcid.org/0000-0002-8240-6201
http://orcid.org/0000-0003-2326-225X
http://orcid.org/0000-0002-1540-8514
http://orcid.org/0000-0002-6931-8522

&‘—WI LEY

13.

14.

HAYASHIDA €T AL

Boufi M, Guivier-Curien C, Loundou AD, et al. Morphological ana-
lysis of healthy aortic arch. Eur J Vasc Endovasc Surg. 2017;53(5):
663-670.

Palmieri V, Bella JN, Arnett DK, et al. Aortic root dilatation at si-
nuses of valsalva and aortic regurgitation in hypertensive and nor-
motensive subjects: the Hypertension Genetic Epidemiology
Network Study. Hypertension (Dallas, TX: 1979). 2001;37(5):
1229-1235.

How to cite this article: Hayashida S, Nagashima K,
Kurokawa S, et al. Formation of low voltage zones on the
anterior left atrial wall due to mechanical compression by the
ascending aorta. J Cardiovasc Electrophysiol. 2021;1-10.
https://doi.org/10.1111/jce.15076


https://doi.org/10.1111/jce.15076

DEMENERE BT 3 ETREIROBMN TR IC X 2 EEREEOEEMBEBRIC2WT
DS

WHE, KigE—, BJIRRE, FHN. BEER, HNHA. KEEA. F42H, &
—&., BN#ESH

EII =
(=53

I E T RELEER (LVZ) X, DEMBIEFRICE W TABIREEIC RV R2 &
ZHNT 32, ARBENERE BT 27 1Rk 72 AHTH %,

E]:g]

DEMENEE BT 5 EE L EITRBIIROMEEHIEBGRZ R~ LEAEEICE T 5 LVZ
EDOREREZHL 22T B,

Pk

HAK 2 A B ARG S & QIO HZERE L v 2 —ics W COLEMEIo 7 7L —
TavERZIEI10240EEEWNRIC, TITL—va VERICHETL7Z3D vy ¥V v R
7 LDWERE AW CERREED LVZ OF#E X 0% O % #5E L, MWnnchEfr L7z
3DCT i % F > 72 Dfif-e AT KB o fifil = (Tl & o BIGRIE 2 37 L. £ 5 1A % 1 fig
Br L 7=,

FER

29 5l (28%) Xk - LATKBIIRAS Befib AEIa o0 /2 B iR IC 1.0cm2 WA R LVZ 3588
b (LVZEH) (M2) . fho 736113 LVZ 13380 bn7zsh - 7= (no-LVZ group) .
LVZ group (vs.no-LVZ group) Tlt. K#IkE Z£E & DAL (Aorta-LA angle) 23/ & <

(21.0£7.7° vs.24.947.1° , p=0.015) (K3A). KRERLLELE (LV) L OME
(Aorta-LV angle) 23K % < (131.3£8.8° vs.126.0+£7.9° , p=0.005) (XI3B). sk
(NCC) sk E ¢ (NCC:20.4 +22vs.19.3 £ 2.5 mm; p = 0.036) . NCC IcB§hs 2
FEEREE A ¢ (2.3 £ 0.7vs. 2.8 £ 0.8 mm; p =0.006) (K3C). Kazlic 5o 3 LD
AR K E o7 (40.1 = 7.1% vs. 35.4 = 5.7%; p < 0.001) (X 3D), ¥7-. Aotra-LA
angle |3 HBF OFEIEEL (BMI) L IEDOHMBEI2SH b, Aorta-LV angle 13fAHE 5 X ' BMI &
BOMBERH -7z (K5) .
FEHTEED LVZ OFTEICIE, EITREINROEIT & NCC DIRRABAR L T/, BT RE)
k7 & D LAMEEDI D IR 5 2 B BRI IE A R, KI5t o 22RNHIR2S LVZ OIS
HLTw 3RS 5,



1ixL®»ic

7 7 v A®D Haissaguerre 12 X O FFIEOEMBI D% < 23HhiEkAREC IR © 055 ML %2
EopFeLTWwB I A998 FEICHL L o7 s % & CTHiIREICAH 7 —T T
EEGEE E T, BTEIRICA VIAA TV 200 & DR Z S 2 2 & CLEMBIO %
AEHITE 2 L v MR b L ICRIE L C & 2 iERREEENT (PVD 13, BELEM
BT B ARIAMT e L CRHESZ L 2R CH 2, L2 LA, LEMBIORIED X 7
= R LA AT S M. B REERR KRS e (e 7 &R 4 7 BRI MR ME I 2 5
2EEZLNTVE 2, ZbDERIC X Y LAICEWTE U 72 BN o i 5 e ]
P EREEZ B ELCENTY) =Y b —[EEETER L. % ZIChiEiRN 2> 5 0 B 7 E
SIEEID D 5 2 &I X o CLEMEINRIEST 2 LHEEFEZ LN TS, M, O
FANEN A A S BRI B X ORI ERO Y EF ) v 272 RT3 L 3, LFE
B OFFAMIZAEFE DY £ ) v 7 O TICECEEL2 52 Tw 3 3,

TEERBRNRHE D PVI 217 5 BRI W3 3D = v ¥ v 7'y 27 Ald, LN OB ERAN
T L FHZERE YV TA XA LICHRT 5 2R TE, FFICEEO)ET ) v 7ol
WITEEMEE (LVZ) & LTHERTZ 22 MR ENT w54 I TCOMETIE,
FEHRICEB T 5 LVZ OFFEE PVI £ 0 LREMEIFHER OB TR Fcd b 5 PVIIC LVZ
Bl % BMT 2T 7L — a VORGSR ET 2 2 L 2R THCH H 5 0 LVZ DIEHK
R & U<, BRI o @ IMEAE R HEIRN, IEi 72 & o WIRPE D IR 2 T, k7 & o0
HMEED DS IR~ TEHE L AR R REIC 351 2 RTO LVZ 2T 5 & & ARG &
nTw3’, Ll LVZ ZUEMEBIEFOLERBEICHAO N 23S wIiIcbBlb o3 T
9, LVZ HiBEIC 51T 2 LAMEEY O FEIZ BRI IIBHI L Tu vy, SR L 13, fiF#E
FNTERIEE 72 13T U 72 BATRBIIRIC X 2 0B R RTEED LVZ O F8E b 7x
CEBIMAINTBEE L T LIREL 2o % 2 TLEMEIEE O EITRBIRE X 05
WS ORI F R RS & FE R RTEED LVZ 504 & O BafR % 3Hilli 3 2 5277 A9 % E i
L7z,

2 Fik
2-1 R EH

2016 9 A 225 2019 4 4 H % TIC HARZAHIERBE & 1 E 2 ERE 2 v 2 — T.OEl
BCRNT 2T —TAT 7L = 2 v RZT7ZEE 1026 (B 776, &M 25 4§,
M 6410 %) ZRRE L7, BIEFICBENTT 7L —3 a VI{TRTICONE 2 v & a—



2R (CT) B L UORMEEL = o —BELXTW, £427 7L —v a VETISHEHHFSRF O
FELREDO~y €Y I &fToTz, L ARMIER. BARKEWERPEERI T E % 8 2 (RK-
191210-6) & X QI ER £ v & — @i % B £(2020-26) DR % 137-,
2-2 3DCT EiRE B & CHIESE

HTF—TNAT 7L—a ol (hUfi 14 H, 8-16 H) 1T, 320 FliEH g E# & 4 F 2
v 7 HRY 2—24 CT A%+ 7 (Aquilion ONE; JHZEX T 4 AV AT LX) BT~
FTAaT =~V ANL3RIE 3D) CT 2FEfil /2o 274 A)FE0.5mm, 7~ FY—[H
HEIF 350ms, T 120kV, EEH 300-580mA T ¥ v v L, MHlEE © o 2 i
1T o7 (IREERT 0.3mm), 0% landiolo]l (B MEWTHE) D51 X Y 65bpm LAT &
L. B4 A vtEa— FEEH (A Auy, T—FABRaH) % 0.07ml/kg/sec DL
TIOMMIEALZZ, BEIRED X 4 I v 73R —7 By 7 Mok W ikiExh, ERH
DIIEDFICEE L 72 R sl TR 2 filda L 72, A 72 1 0B o LERICE T 5 11
FHED R-RFIFED 65%~75% CHIREG %7 —7 4 v 7 L, MREEIICE T 2 iR %
BB L7, MBI CTHEBIZY —2 27— a v (ZIOM9I003.0 ;s QUADRA : 7 3
VRS Nk L, 2 TOERFICE W TRICORTME Y ELRE L DB o #iEY) & o
D ERREE | R, MEMOREEE Lz, k. HEME —EOREELZ RO DI
[Fl—fERTC 2 [ME L, 20 FEEREHE Lz, Sada iz, EfTARERE 2 00
View THEEICY] 2 X S i L. B Lk Br3 2 Wik cilliE L 7=,

BIEEH © RATKBIIRO ER#R e 0B O ER#RE OfE (Aorta-LA angle) (X 1A), E
TFRBIRDIE T & 7205 & O (Aorta-LV angle) (4 1B), & K#IIRA754%E (LCC :
FEREREIRS, NCC : JEREREINRS, RCC : AbREINRS) . NCC X 8 LCC I BB+
ZIELEORBEE (K1C), LFE. LE. L3 A[% 4T Five chamber view L= L0
WIAR I 3510 2 HER NSRRI & OO R (K 1D)., (CHFRit GO/ 5 o 2R A
*100 %),

2-3 BRABRES X UVELEYy VY

PIABIRER AR L T2 ToEFIcE T, FESEFNT:ERO 5 5L Eo gk
AN IFFZRAAFTEIVY, FuR7 53—, 7z v XAk fOER T T
TEE~YY v 7iIc X 2BRAEHPNREZ EM L 72 101, EXEHEPIREZIT O B
BB T o 2883, EIREIRIEIC BeeAT 77 —7 0 (HRI74 774 V)
HEEL, DENRME (10~20]) 2{T-o72, THEAFIE~ Y v 50 X 0 i rELEEE
i % 300 FP UL EICHERS L 72, THFEERRERIC SLO > — X 2 W CERTEDRAMME, H/ME.,



EEZEIE L2, 3D v v vy v 25 4 (CARTO 3; Biosense Webster) & SR
2mm O~ NVF AT T4 vHhT—7 (Pentaray NAV; Biosense Webster) % F\» T LA
DI S L CERN~ Yy T2 L7, ~A XA 7 4 VX2 =13 30Hz, °m— ¥R 7 4
N R —13500HZ ICERE L, N4 R—F B EHEFL 7z, LVZIx, B O 0.5 mV K
MDOFEM L EF L 72 691213, X LI LEOLHMEHEIE T 5 & dic, Fajic CT H{g T
R nEELREL, 77—y a vt ) TA R ACRHEEINEZRLT -V <y T
AT ik b CT BRICHEBIELZE L7z, Z D%, CT W Lo EfTKEk%E 3D
vy BV RICERIRT L LICkoC, BFEREFRIOEEOR VT —V =y T LG
L. EHICIEH? S ORML HLERT 2 2 LI X ) EEAEEICE T 3 LT KBk E #54 2
fEIKIC BT B LVZ O % HIE L 72,

24 AT —FNT TL—vayv
T77L—=2aviZCARTO3 vy V' v 7y AT LW T, 7R 74r—LET 7

ARXT P IV VORHEAL 7 = v X =V ORIZGIC X 28E# T, 3.5mm AT —T v

(Navistar ThermoCoolSmartTouch SF; Biosense Webster) %\ 7z, & EREE D %E
X M AEKOERUE 17~30ml/5r. 1) 25~35W, FFATOMREY I v ML 45°CL
L., 10glbpav iy b, EUERTEETIE 450, $£E8EClE 400 % Ablation Index @ H %
it L7z, VTIAEALDHBZ 7T EY 2 — 1 (VisiTag Module, CARTO3; Biosense
Webster) Z{HEHAL T, BEFRAL v b OfFEIX 6mm LT &7 3 X 5 iChiiglRiEEED 7 4 v
R L7z, 72, REEEZCADICRENICEEL 7 n—TTE=X - L RE
LD 40°CA R 7 o 72 IR iU CIEE %2 T L 72 BlERARFERERC D) D 4ER 1X . MERIZARYIC 1
JEL P R 7% Bt L 7= 2 i IR IC BB SRR S e 2 & & L7z, DiiiIRbm iR, 2 7x
& 307 UNIC30mg D7 7/ & v =Y ViR FIIRES L, iEIR~ O FHEE 2 78 »
T RMERAL 2o T LB SHEREEZ TV, OEMEE 72 130 EHT (— % 74
LDEMBIZ &) 2RIz, LEHAVSFER I NG, Hilo~y v v 7 %70,
SRS 2 2WT L. EEEREZEMNL 72, £ ToLHNENIE, LabSystem PRO (Bard
Electrophysiology f:#) TRifk X 1172,

2-5 BHFHE

PRI T 7L —v a vik, FREOHWICHAI N, &flicdikcry ru—7
vy 7T, itz 28H,. 1 » HH. 1~3 » HHIC 12 FE0EMZETR L2, 77 L —
v a Vg 3~6 n ARIC 24 Wik v 2 — DEMRAE 21TV, LEMEARIRO HEO G2



MR L7z, M8 30 LA LTkt 3 2.0 %2 & CIEMEN: £ 72 35l S Wiz 0B AR
ke EFRI N,

2-6 FERHARNT 7k

Feil (2-3) DITIRIC X o THGE T N7z, FEHEHIEEIC B\ C LT REIIRAS E e 3 2 i o
5 b, 0.5mV K OEBEMFEE (LVZ) 25 1.0cm? A L& 2 HBE (LVZE) 8¢, LVZ %3
B nd L IE 1L.0em2 Kl 0 8B (no-LVZ#E) 1CH¥L 7=, 2 LT, 2 Bz L Hl
TEAE % LR ET U 72, HEEA#E mean£SD i ¥ 72 1% median 3 X C'PUSALEIPH, 7 =
V—ZRIIERER B L= vy T — VTR 7z, @A ORFHZE DM ICIE, Student
D t BUE ¥ 72 13 Mann-Whitney U BUE % v, “IHARORHZ QT IC X, AN O
2 5 R TH 2 HAEER N TH A ZFE 2. 5 KD 13 Fisher O IEERE
AL 72, EHRAH (FE, RAXLEOEE, 0E- T KRBTSO LVZ o H,
Aorta-LA angle, Aorta-LV angle, NCC %, NCC i3 2 /B RER, Mashee, L
) MoBRie T Yy v oHBREBICE D EFHli T Wiz, X CTORGHENT I IMP 11 ¥
7 b7 =7 (SASInstitute) ZHWTITV, p<.05 ZMATVICERETH S & LT,

3. MR
3-1 BFEER - = —FHE - ERRE

BTOHEF 102 A0 5 H, 29 N (28%) AIEERITEED FATREINREEASIC 1.0cm2 B |
D LVZ %389 (LVZE). D 73 NZZD X 5 7% LVZ 2@ b -7 (no-LVZ ),
BE ORRIFEE. Lo —0FHilfE, EEEARBH S L IR 1IRd, LVZHTiE
no-LVZ Bficlb~, WP ERICE L, FREPMED - 72, EEEORAMHIZ LVZ A EE
ICE L FEED LVZ BECEWERTH - 72, PR, R OEMBI 04,
CHADS2 227, LEMEIEE NN A 4~ —Hh— MiEiOAEIRELHE, Loa—ick
J B HEIEME. FBYEC O W TR TEREERRD Do T,

3-2 fREIR 2> O BN n i & AR EBALFHIE & D BfRME:

28D LVZ OBL A E CT IcX 3HEEEER2ICRT, BE~y YT
B INZBMNORA v M EUZ, 1 BEH72Y 12631623 HiTH o7z, T/, KEEDOAEIM
B2 HEcHEE 2RO R o7 (£2), T_TOEFICH VT, NCC & LCC ik
FEREEICEERE L T Y, TR_RCOLEREMEEICE TS LVZ 132 h b ORRICHE L Tw»



2o TOXIRLVZERT2EFDO3ID vy €V 7HERE, KLE L EITREINRO MY
WREFERR 2R L 2R 2 4 2 1SR, A0k & BT REINGEEEERIC 31 2 LVZ DIHED
POfiEix 2.3 (1.1-4.0) cm2 TH - 7z,
¥ 72, CT WfRIC BT 2 FHEGHAEIC DWW, LVZ #i3 no-LVZ #IC -~ T Aorta-LA
angle I3/N& < (21.0 £ 7.7° vs.24.9 £ 7.1° ; p=.02), Aorta-LV angle (I k% { (131.3
+8.8° vs.126.0 £7.9° ;p=.005). NCCHIZAR% < (20.4 £2.2vs.19.3 + 25 mm; p
=0.04), DFLIF X Y K& 2o72 (40.1 £ 7.1% vs. 35.4 £ 5.7%; p <.001), LVZ D
SBF OMFEHEATE no-LVZHEX W /NS WHAITH o 72 (266.3 £ 39.1vs 283.3 + 40.5
ecm2; p =.06) (X 3A-D), ROC it % 72 LVZ @ FHIKF-ic 2w Tid, Aorta-LV
angle >131° (AUC 0.70, specificity 0.80, sensitivity 0.64, p<0.01), Aorta-LA angle <22°
(AUC 0.68, specificity 0.66, sensitivity 0.75, p=0.01), NCC £ >19.5mm (AUC 0.65,
specificity 0.61, sensitivity 0.71, p=0.04), NCC 1 #8239~ 2 /2 REE)E <2.5mm (AUC 0.71,
specificity 0.59, sensitivity 0.82, p<0.01), .0 L >38% (AUC 0.70, specificity 0.71,
sensitivity 0.72, p<0.01) 23 ERTEEIC B 1T 5 LVZ 2 FHl$ 5 K1
Bev T, MBI OFEIR 2K 4 & M 5 1R T, LUk & EATRBIIROIIETRIC B 1T 5

LVZ Dfif& & Aorta-LA angle DEICIZF\ 7 23 b B B RSB b, LVZ Ok
& Aorta-LV angle 53 X O NCC DK & X DICH 55720 b A E R IEMHENSZED b7z

(M 4), & oI NCCITET 2 ffmhe/E ik, LVZHET no-LVZ L Y A - 7228

(2.3£0.7 vs. 2.8%0.8 mm, p = .006), RCC £&& LCC % LCC IC BBz 3 2 255 RE IR I HERH
Zx o7z (M 3C), Aorta-LV angle & HE OKRE I X 08 BMI O[T 1355\ i iH BE 23
Aw b, Aorta-LA angle & 8345 ® BMI ORI (355 W IED MBI D bz (X 5),

3-37 7L —¥ a vROLEEREIROFFLNE & BHREEK

g RIEEE . DE2 & OMRRIEIC X 2 LA & OB o FRM: I 2 B <R
THhotz (F3), HRfE12.8 » H (7.5-25.3) DBEHRHIREFIC 20 A (20%) D HEE L
FEAEIA3, 10 A (10%) @ BHFICLEHIASGE S 22, 2Tz EhoHRE
BFRI%ETH 72 (F3), £72. LVZEICE T 2 EEREBEICIRF L 72 LVZ OTHE & itk O
AR 2 & ORI RS b o 72 (FEFA 2.3cm?(1.4-3.1) vs L
3.7cm2(1.1-4.2), p=0.76), LA» L& 5, EREkicEs I 2 LVZ offEicBE L ik, A
BEEEFALND OOLEEABIRGNEEFRE L 2 BE X, BRORVWEHFLILRT
1560 LVZ 28 LT/ ERA 10.7cm?(5.7-23.9) vs FEFEME 14.5cm?(3.4-47.5),
p=0.56),



4 %
4-1 KRIC BT 3 ELHERICONVT

FaFERITUATO@EY TH 2,
(1) LVZ #1% no-LVZ #fic b=, ZHER% ., KIKETH b Ok % <. NCCic
BEb 3 2 o DERER L X 0 i 5 72,
(2) FEUE & FATREINR DT EEERIC 1) 3 LVZ OEfE L. Aorta-LA angle & & D HHE.
Aorta-LV angle X U NCC £ & IEOMBAR S - 7=,
(3) Aorta-LV angle 13fAHE 3 X O BMI & & OMEAA H - 7223, Aorta-LA angle |3 BMI &
IEDHEER® - 7=,

—fic, LVZ ZUEMBIOBEIC LS AbND & Ih, BIFELEMENIEE Tk 10%
TH 5D LiFGEELEMEIEE TIE 3% TRONS 2L h b, LEMEo R &
LGl TwaeEzbnTw5, $72, LVZIL0ER MRIEEICE W TCLEM D Late
Gadolinium Enhancement & B# L C\» 3 2 & 4 #fRA0IC IR OER O R 2R L <
W32 e RS I b, LVZ I3RiERIRFRAE L o OB B RS & oz Rl 5 K
THDHIEHRINTED o, FRCERBERBEICE K AL L INTW»5 812, S|
FATREINRIZ A DEICR DTV ODIMEEY CTH 2 2 Lo b AR BT RER
DMRAL E 72 \ZHEER 3% C &1 X B KR~ DRI 8 TR RTEEIC LVZ % F84: X 215
EARIE LT 8, #EE., EERHIEEIC LVZ 2780 - BB I B W T, aorta-LA angle 13/hX <
aorta-LV angle 23K & <, NCCEHBKRZ »o7=C &ix., EITKENRAMAKORAL L NCC D
LRI X o CAEBERBEICE L Tz 2 L 2R L, 20X 5 REHI A2 idmis s

JEICH: 5 REIIRIEGE DYLIRIC & o CTHE U RS & 2 1617, fifl2# i NCC Id AR
HTEEICBEEE L T 0 . EREFIKEIRE & R THEITE W 720 ZEL0F I L TES
ICEARD 0 B AlREME R S 5, £7-. LVZEICB T 3 EETED RS, Fx oGEiE L
F+200THh3, BRDIb, LVZEICEWTNCC DAFEICEARKE IR L o
7-FHICBIL Tix, NCC i3 LCC % RCC & £z W iEBIRSFH D L TV e o 7 D FFICHRIR
e s TER» 2 [EEELH 5, 72, LCC & RCC IxZ N NAEZERBM., AER
HEgE & Vo DR L T3 —J7TNCCIRLERDTDOAEL Tnb729, [HLE
Bhhozl LTHIRL LT WEEYITH 2 a[fErErH 5, M. EENEOREETOD
B L EBEENRD LN o EBIC oW TR, B/NERHEIER B L T v 2 355R S
MaehTsh, EE~MAARALTWIRHTSH 2 2 LA 2 CHEEN R o



BolebDeFEZONS, VPRI, ZOm/NEDFHELXT 5720, LVZEHCEWTHE
WEFZ A SN S D DOFEEFED Rr ok EbI 5,

EEHEED LVZ 3 LR ECEAEOEE L VL AbNA, b2, LVZHTIE
DR K E < R L CHFHERE AN S Wl A Sz, T ofERIZC v cLEM
BOERAT & X T & 20, BHEE RN Th 2, coMBicownTid, Dok
ARG % 2% & 3 2 IEMAMLAR . TGF-B. IL-6 s EDRIEWEY A + 74 v Oifk%
BRI BLHYVET) v 2S¢ 2 8, cho oNKRMEORFIC X b, B2
OEMEIZRET 2 L SN T2 —F T, M/ NEWBEICETZ20HYVETY v 7
DIEET 27 & LTEALNS T L ix, ETRBIIRDIELLC S N OIEIRA, H
PENEZ LR E e TH D, KRBIRIC K 2 EHE~OBWINTE D . R 720 O
AL s L OERN ) €7 Y v /R RiET 2 v REW 2 B 2, 8 7 O IXRPEN ~E T A3 5
., LR~ ORI RIS 2 23, Mo/ h S WBEICE W TE, A= R3]
REnz7zo, EE~OBMWTEEIERT2LEZONL, 20X BETFOEVICX
2T, AWEICEIT 2 LVZHORBEERVPINE TL IR IR L 2o L REMED H
%

MA T, WEDHTIE EATRENRIL. Iniim & i X 0 BERlic s —icfiE L Ttn
EHRREINTWE T, ZhET, EREAKO ) =T ) v 7B ERREECE T 5 LVZ 2B
T2LEZLNTERDE, Thd D BTREIROETLIL NCC LRz & id, KBk
LIEUEDEET B0 ORI TR R A A, FIEBAL OO oMM LE ET S22 & F
oMb, TADMDHIFRICE TS, Ll DOEA & LB DB IC IZAHBARR2 » 5 2
CAREEHE N TE Y 1 F B E O T IO oML 2R3 2 L 2SRRI B EE
HEINTw3 2, 5% ), SEOEFEDIEH & FENICE T 2 BB SO T X, O
DML ER LT wBE EEZOND,

—fRICKEFED Y ET Y v SILOEEABIROIAR L 232 E2bTwE, Th
. VET Y v ZICk VAL LVZ TR LN S X5 RfEE L Cld, EMEEMET T
2720 CIRAEKREZEET2EESES A, S AEHET22Ex LTS, D
NTOY TV b Y —BREIRMERFOMF &L L CIERICEETH LA, 2DV v Y —
DBKALT 250 LTI T D XD mBIEZERSMHALE INTWwE, /. LVZ2EA LN
% X5 efEEOH CIHEE B (REAHE) MRECIIPTnEIhTns, 20
72, IEFLHIICHRTLVZ i) oy P —MARIRBZEZ VT hdErzbh
%, XoTLVZ DfEfE% X 0 IEREICERET 5 2 it R0 Lfiics il 3 ) N—2 ) %
TV 7R HIE LA REIRE ORI B2 52 5 L B X 5, Lo Lk bR



JeCId. IMEIREREERS 1IC B 2 A RO LESIOFRR I LVZEH Tl 2 f5Th o 72
b DD EESE IR o7 (LVZ#E21% vs. no-LVZ £ 12%., p=0.28), %7-
WD LEEABIRERICELCY, LVZEBICAEE2Ro hd o7 (HRE
2.3cm?(1.4-3.1) vs FEFEHE 3.7cm?(1.1-4.2), p=0.76), Zh b OFEROHHIF, KBFFIZLE
JRHIBED HICE R 2 Y TR TH 5720, [T 2EANY €7V v 77205 TIERR B
DTPHRICIFEAEFTFE L TCwRRnWI & &E 2 bR, ERedics )5 LVZ omfET
Higz 32 b HRLZEERTISEBOLVZ2E LT, 20, EREAED LVZ
T 2AT—TAT 7L —vavii, LEMEBICOESIIEREO P o THT LD
HEEREN L 370 5 2 WARED B % 28, KRAERO LVZ 13 LEEREIRO B % Tl
FTEHERFTHLZ ERRBINS, LoT, LVZIEXT 27 7u—F13, BKTHZBE®
ELET Yy TAN) —LEERESEEZONS, ZD-®, B LVZ DIKET &
75 DHT7 B R BRIE L 22 ARSI BRIIC D BRE RO L E L B,

4-2 PR DR

AWFFEIE, IR A D BE 2R E L 2B RNITE L L CEiE L Tw 3 720
FRERIGEE L 52 2RO & 2 BEREIFAE IR, LA LAY, KR
BED LVZ IZ KENRDIRAL & LB ED ERDOFER E LTHRAET 2 L v ) RFEICE T 51k
BN IR T RS2 2 R TE R, £ AT — U~y TOERIERNICLE
MECTH o 72 EBF BT, =y 7OIERERNC OBENRE) 217> TWw 2 729, BRrifll
BIERICHIE L 72 AR IEE TR WAl A H 5, T bic, RTKENRIE 3DCT Lo
T2, EULREIEFE3D vy v/ EoTr—2Thh, BFI Nz HREREM2S R %72
O, FATREIRE ZE0FE AT 2 Y 7 OFHllic (Z3RAENRA U 2 AlREMED D 5, FFICH?
fet LB EF Cld, CT RERIZOEMEITH 5 T THRAT — P~ v ZIEiFHES
KR EINTnwE 2L dH 570, CT TN & IEMEICHHIS L T Zn v RIEETE A
b5,

5 fhEE

DEMBIEE O T REINRE X OSSR O 22 R & A B RiTEE D LVZ 5304
& DREAMR ARG L 7245581, KRE &KV BML, /N & WHgEN 2~ — 228 T KEIIRDEFT
WCHE R 5 2, ERE~OEBIEBIC O35 00 LNVEWI ER0h o7z, T DfEEY



A IcinZ <, NCC olgsk, ERED LR, KRR~ BT RENRD ML LVZ ©
R ZRLTWE X5 THDE, 72720, EEFEOETHEY €7 ) v 710 EEAERD
FAEICIIEEG LT WalgEER D B,

6 SEIW

1. Haissaguerre M, Jais P, Shah DC, et al. Spontaneous initiation of atrial fibrillation by
ectopic beats originating in the pulmonary veins. N Engl ] Med. 1998;3;339(10):659-66.
2. Lau DH, Nattel S, Kalman JM, Sanders P, et al. Modifiable risk factors and atrial
fibrillation. Circulation. 2017:8:136(6):583-596.

3. Wijtfels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation begets atrial
fibrillation. A study in awake chronically instrumented goats. Circulation.

1995;92(7):1954 - 1968.

4. Hohendanner F, Romero I, Blaschke F, et al. Extent and magnitude of low - voltage areas
assessed by ultra - high - density electroanatomical mapping correlate with left atrial
function. Int J Cardiol. 2018;272:108 - 112.

5. Verma A, Wazni OM, Marrouche NF, et al. Pre - existent left atrial scarring in patients
undergoing pulmonary vein antrum isolation: an independent predictor of procedural
failure. ] Am Coll Cardiol. 2005; 45(2):285 - 292.

6. Rolf S, Kircher S, Arya A, et al. Tailored atrial substrate modification based on low -
voltage areas in catheter ablation of atrial fibrillation. Circ Arrhythm Electrophysiol.
2014;7(5):825 - 833.

7.Hori Y, Nakahara S, Tsukada N, et al. The influence of the external structures in atrial
fibrillation patients: relationship to focal low voltage areas in the left atrium. Int ] Cardiol.
2015;181:225 - 231.

8. Nakahara S, Yamaguchi T, Hori Y, et al. Spatial relation between left atrial anatomical
contact areas and circular activation in persistent atrial fibrillation. ] Cardiovasc
Electrophysiol. 2016;27(5):515 - 523.

9. Nakahara S, Hori Y, Nishiyama N, et al. Influence of the left atrial contact areas on fixed
low - voltage zones during atrial fibrillation and sinus rhythm in persistent atrial fibrillation.

] Cardiovasc Electrophysiol. 2017;28(11):1259 - 1268.



10. Wakamatsu Y, Nagashima K, Watanabe I, et al. The modified ablation index: a novel
determinant of acute pulmonary vein reconnections after pulmonary vein isolation.
JIntervCardElectrophysiol. 2019;55(3): 277 - 285.

11. Nagashima K, Watanabe I, Okumura Y, et al. High - voltage zones within the pulmonary
vein antra: major determinants of acute pulmonary vein reconnections after atrial fibrillation
ablation. J Interv Card Electrophysiol. 2017;49(2):137 - 145.

12. Hori Y, Nakahara S, Nishiyama N, et al. Impact of low - voltage zones on the left atrial
anterior wall on the reduction in the left atrial appendage flow velocity in persistent atrial
fibrillation patients. ] Interv Card Electrophysiol. 2019;56(3):299 - 306.

13. Kumagai K, Toyama H, Zhang B. Effects of additional ablation of low - voltage areas
after Box isolation for persistent atrial fibrillation. ] Arrhythm. 2019;35(2):197 - 204.

14. Oakes RS, Badger TJ, Kholmovski EG, Akoum N, Burgon NS, Fish EN, et al. Detection
and quantification of left atrial structural remodeling with delayed-enhancement magnetic
resonance imaging in patients with atrial fibrillation. Circulation. 2009;119(13):1758-67.
15. Siebermair J, Suksaranjit P, McGann CJ, Peterson KA, Kheirkhahan M, Baher AA, et al.
Atrial fibrosis in non-atrial fibrillation individuals and prediction of atrial fibrillation by use
of late gadolinium enhancement magnetic resonance imaging. ] Cardiovasc Electrophysiol.
2019;30(4):550-6.

16. Boufi M, Guivier - Curien C, Loundou AD, et al. Morphological analysis of healthy
aortic arch. Eur ] Vasc Endovasc Surg. 2017;53(5): 663 - 670.

17. Palmieri V, Bella JN, Arnett DK, et al. Aortic root dilatation at sinuses of valsalva and
aortic regurgitation in hypertensive and normotensive subjects: the Hypertension Genetic
Epidemiology Network Study. Hypertension (Dallas, TX: 1979). 2001;37(5): 1229 - 1235.
18. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H, et al. Human

epicardial adipose tissue is a source of inflammatory mediators. Circulation 2003; 108: 2460-
06.

19. Hayashida S, Nagashima K, Kurokawa S, Arai M, Watanabe R, Wakamatsu Y, et al.
Modified ablation index: a novel determinant of a successful first-pass left atrial posterior
wall isolation. Heart Vessels. 2021;37(5):802-11.

20. Yamaguchi T, Otsubo T, Takahashi Y, Nakashima K, Fukui A, Hirota K, et al. Atrial
Structural Remodeling in Patients With Atrial Fibrillation Is a Diffuse Fibrotic Process: Evidence
From High-Density Voltage Mapping and Atrial Biopsy. ] Am Heart Assoc. 2022;11(6):e024521.



£1 BEOHBKOFEH. Lxa—REOER, EEFED 2 BEFHE
LVZ # No LVZ
(nzzjf (nﬂﬁ Pralue*
HYPSIERRE

Ffin (years) 67+9 63+10 0.06
CEs 17 (58%) 60 (82%) 0.01
thHE (kg) 62+ 14 69+12 0.01
BMI (kg/m?) 24+5 25+4 0.27
FAEE O NS 13 (45%) 38 (52%) 0.51
i LA 17 (59%) 41 (56%) 0.82
W PR 2 (7%) 7 (10%) 0.67
DA 4 (14%) 8 (11%) 0.69
B IR ZE R DA 4 (14%) 5 (7%) 0.26
L2 D0 P H 0 (0%) 3 (4%) 0.27
CHADS, 227 1(1-2) 1(0-2) 0.27
PO BERSE 20 (69%) 37 (51%) 0.09

Class I 5 (17%) 13 (18%) 0.95

Class III 1 (3%) 1(1%) 0.49

Class IV 16 (55%) 26 (36%) 0.07

B T 12 (41%) 37 (51%) 0.40
71V 7 F =Vl (mg/dL) 0.88+0.20 0.86+0.17 0.56
NT-proBNP (pg/mL) 224 (119-1203) 218 (74-774) 0.24
LFEME T 7L — 3 3 VI 7 (24%) 10 (14%) 0.20

O 2 —FHAliE

R (%) 65+ 10 66+ 10 0.67
A (mm) 42+7 41+8 0.77

FEEJRRARIE (mm) 45%6 48+5 0.052
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LVZ &t No LVZ £
(n=29) (ne73) Pvalue*
AV FA YRR
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C T g ko FHHlfE

Aorta-LA angle (° ) 21.0£7.0 249+7.1 0.02
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RCC £ (mm) 18.6+2.5 19.3+2.7 0.26
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