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Abstract

Background A limited number of studies have investigated the effects of radiofrequency catheter ablation (RFCA) on left
ventricular (LV) function and the left atrial (LA) size in patients with atrial fibrillation (AF). The purpose of this study was
to conduct a comprehensive assessment of LV function in patients with AF with preserved left ventricular ejection fraction
(LVEF) before and after RFCA.

Method A total of 30 consecutive patients with no recurrences after RFCA for persistent AF (age, 57.7 + 8.4 years) were
enrolled. Transthoracic echocardiography was performed at the baseline and 6 months after the final RFCA using speckle
tracking derived LV strain analysis.

Results After RFCA, we measured decreases in the LA volume index (33.7 +10.4 ml/m? vs. 24.6 + 8.6 ml/m?, p<0.0001),
while we observed improvements in systolic indices such as LVEF (56.8 +9.8% vs. 65.1 £9.1%, p <0.0001), global longi-
tudinal strain (— 16.8 +4.4% vs. — 18.8 +3.4%, p=0.0055) and twist (8.12 +3.66° vs. 12.33 +6.75°, p=0.0050), and also
in diastolic indices such as strain rate during early diastole (SRg) (0.73+0.10 s7'vs. 1.3240.29 57!, p<0.0001) and early
transmitral inflow velocity (E)/SRg (1.11+0.36 m vs. 0.61 +0.19 m, p <0.0001). Logistic regression analysis showed that
AE/SRg was a contributing factor for improvement in LVEF (odds ratio 126.9; p=0.021).

Conclusion In persistent AF with preserved LVEF, further improvement in LVEF and reverse remodeling of the LA are
achieved after RFCA. LV filling pressure may play significant roles in the mechanisms.
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Introduction

Radiofrequency catheter ablation (RFCA) is highly success-

ful in maintaining sinus rhythm, and studies have reported

improvements in cardiac dimensions and function after

RFCA in patients with atrial fibrillation (AF) and left ven-

54 Tomoo Nagai tricular (LV) dysfunction [1, 2] or congestive heart failure
nagait@tokai.ac.jp [3]. Several meta-analyses have supported these findings
[4—8]. Current guidelines recommend the use of RFCA in
symptomatic patients with heart failure and/or reduced LV
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on LV function in AF with normal LVEF have not been
confirmed [11-14], although reverse remodeling of the left
atrium is well documented [15-20]. Recently, Zhu et al. [21]
reported a meta-analysis, which concluded that RFCA could
improve LV systolic function in AF patients with low LVEF
or persistent AF patients.

Two-dimensional speckle tracking echocardiography
(STE) is a recently developed imaging modality that can
sensitively detect LV systolic dysfunction [22]. It evaluates
LV systolic function by measuring LV deformations, such as
global longitudinal, radial, and circumferential strains [23],
and assessing LV synchronicity [24] or torsion [25]. STE
can also provide other tools to evaluate LV diastolic func-
tion by measuring the global longitudinal strain rate [26].
However, STE analysis has so far only been deployed in a
few studies involving RFCA for AF [15, 16, 27]. Therefore,
the purpose of this study was to conduct a comprehensive
assessment of the improvement of left ventricular function
by RFCA in persistent AF with preserved LVEF using STE,
and to evaluate the clinical significance of LV deformations,
dyssynchrony, torsion and diastolic function on the improve-
ment of LVEF.

Methods

Patients with persistent AF who underwent RFCA at the
Japan Self-Defense Forces Central Hospital between
2009 and 2013 were prospectively recruited for this study.
Patients with any known structural heart disease, history
of congestive heart failure, severely reduced LVEF (<45%)
in accordance with a previous study [3], and poor image
quality during the baseline transthoracic echocardiography
(TTE) were excluded. At the medical visit 6 months after
single or multiple (maximum three times) RFCA procedures,
patients with no recurrences of AF and stable sinus rhythm
were considered to have had a successful RFCA (the index
RFCA procedure) and were enrolled in this study. The final
cohort of this study consisted of a total of 30 consecutive
patients with no recurrences of AF and a maintenance of
stable sinus rhythm after undergoing RFCAs for persistent
AF (age, 57.7+ 8.4 years; males, 27). Serum brain natriu-
retic peptide (BNP) level was measured at the baseline and
at the medical visit 6 months after the index RFCA. Written
informed consent was obtained from all participants. The
study protocol was approved by the Institutional Review
Board of Japan Self-Defense Forces Central Hospital. The
study conformed to the principles outlined in the Declara-
tion of Helsinki.

All patients underwent baseline TTE upon admission
before the first RFCA. TTEs were repeated at 6 months
after the index RFCA procedure. The TTE study was per-
formed using a Vivid 7 system with an M4S probe (GE
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Vingmed Ultrasound, Horten, Norway) in order to collect
two-dimensional echocardiographic parameters, such as
LVEEF, left ventricular and left atrial dimensions (LAD),
left atrial volume index (LAVI), left ventricular end-dias-
tolic volume (LVEDV), left ventricular end-systolic volume
(LVESYV), stroke volume (SV), and left ventricular mass
index (LVMI) in accordance with the current guidelines
for two-dimensional echocardiography [28]. The left atrial
volume was calculated using the area-length approximation
(8/3n{(A1)(A2)/(L)}). Left atrial length (L) was defined as
the shorter of the two long axes measured in the apical two-
and four-chamber views. Al and A2 are the corresponding
left atrial areas. The LV mass was calculated using the Cube
formula (0.8 X 1.04 x {(IVS +LVID + PWT)*~LVID?} +0
.6) in which “IVS” is interventricular septum, “LVID” is
LV internal diameter, and “PWT” is inferolateral wall thick-
ness. The modified biplane Simpson method was used to
calculate LV volumes and LVEF. Cardiac output (CO) was
calculated with the formula: SV X heart rate. Assessments
of diastolic indices including transmitral inflow and septal
mitral annular velocities were performed using conventional
and tissue-doppler echocardiography. However, statistical
comparisons between the baseline variables and the vari-
ables 6 months after the index RFCA were not conducted,
since all patients had AF rhythm at the baseline which was
successfully treated by RFCA, and had maintained normal
sinus thythm 6 months later. Conventional assessment of LV
diastolic function was performed using Doppler and tissue-
Doppler echocardiography in accordance with the current
guidelines [29].

To obtain LV global longitudinal strain (GLS), global
radial strain (GRS), global circumferential strain (GCS), sys-
tolic global longitudinal strain rate (SRgyg), global longitudi-
nal strain rate during early diastole (SR), global longitudi-
nal strain rate during atrial contraction (SR ), dyssynchrony
and torsion, digitalized image acquisition was performed
during normal sinus rhythm without ectopic beats. Speckle
tracking analysis was performed by two independent car-
diologists using the commercially available software pack-
age EchoPac (GE Vingmed Ultrasound). As previously
described [22], two-dimensional grayscale images were
acquired in the standard parasternal and apical (apical four-
chamber, apical two-chamber, and apical long-axis) views at
a frame rate of 40—60 frames/s. In total, three cardiac cycles
were recorded. Parasternal short-axis views were acquired
at 3 levels: the mitral valve level, the papillary muscle level,
and at the apex. All images were stored digitally for offline
analysis. In each of the apical four-chamber, apical two-
chamber, and long-axis views, a longitudinal strain curve
was obtained, with all LV myocardial segments considered
as the region of interest [22]. The average values of peak
systolic longitudinal strain from the three apical views were
then calculated as the GLS. Peak systolic radial strain values
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were obtained from all 16 segments from the three short-
axis views and averaged to obtain the GRS. Similarly, peak
systolic circumferential strain values were obtained from
the three short-axis views and averaged to obtain the GCS.
Peak global longitudinal SRgyg, SR and SR, were calcu-
lated by averaging the values of each of the 18 segments,
which were derived from the 6 segments of each of the 3
apical views (four-chamber, two-chamber, and apical long-
axis views). The ratio of early mitral inflow velocity (E)
and SR was used as a diastolic index to estimate LV filling
pressure (E/SRp) [26]. To assess LV dyssynchrony, radial
strain was used as previously described [24]. LV radial strain
curves from the six segments at the level of the papillary
muscle were acquired. Time to peak strain from each of the
six regional curves was measured. The dyssynchrony index
was expressed using the maximal time delay measured from
the first and last segments to reach the peak S.. A cutoff
value of <130 ms was used for the diagnosis of LV dyssyn-
chrony, as previously described [24]. To assess LV torsion,
radial strain was used as previously described [25]. LV radial
strain curves of the average of the basal and apical rotations
in six myocardial segments and their net differences at each
corresponding time point were obtained. LV twist, twist rate,
and untwist rate were measured as surrogates for LV torsion.

We performed extensive encircling pulmonary vein iso-
lation. If AF persisted after pulmonary vein isolation, addi-
tional ablation procedures, such as linear ablation of the
left atrium roof, superior vena cava isolation, and ablation
of continuous fractionated atrial electrocardiograms, were
performed. Finally, if AF did not resolve, cardioversion was
performed to obtain sinus rhythm. A caval-tricuspid isthmus
line ablation was performed in all patients. After discharge,
the patients were followed up at 2—4 weeks after the index
RFCA and then every 3 months at the outpatient clinic by a
cardiologist. Holter ambulatory ECG monitoring was per-
formed at least till 2 years after the index RFCA in order to
detect the recurrence of AF. An additional RFCA procedure
was performed when patients experienced recurrences after
3 months as a blanking period, depending on the clinical
judgement of the cardiologist.

Numerical data are presented as the mean + standard
deviation and as numbers (%) for categorical variables. For
comparison of continuous variables between two groups, the
unpaired Student’s ¢ test was used. For comparison of cat-
egorical variables, the Chi square test was used. For repeated
measurements, the paired Student’s ¢ test was used. Logistic
regression analysis was used to evaluate potential predic-
tors of maintaining stable sinus rhythm 2 years after the
index RFCA among the echocardiographic variables at the
baseline and 6 months after the index RFCA. We defined
significant improvements in LVEF as an increase of >9%,
which is the mean difference in LVEF between the baseline
and 6 months after the index RFCA, and reverse remodeling

of the left atrium (ILA) as a decrease of > 10 ml, which is the
mean difference in LAVI between the baseline and 6 months
after the index RFCA. To uncover the factors contribut-
ing to improvement of LVEF by RFCA, we compared the
changes of LV functional indices between the patients with
and without the improvement of LVEF by logistic regres-
sion analysis. To uncover the factors contributing to reverse
remodeling of the LA by RFCA, we compared the changes
in LV function indices between the patients with and without
the reverse remodeling of the LA using logistic regression
analysis. The change in each variable was calculated as a
A value (value 6 month after RFCA—baseline value). We
first used univariate analysis and then entered all variables
with p <0.1 into the multivariable regression model (for-
ward selection method). All statistical analyses were per-
formed using SPSS 19.0 (SPSS, Chicago, IL), and p values
of <0.05 were considered significant.

Results

Baseline demographic data are summarized in Table 1. Med-
ical backgrounds included systemic hypertension in 14 cases
(46%), dyslipidemia in 8 cases (27%), diabetes mellitus in
6 cases (20%), and cerebral embolism in 2 cases (7%). No
known structural heart disease including coronary artery dis-
ease, valvular heart disease and cardiomyopathies, or history
of congestive heart failure was included. Patients in 13 cases
(43%) were taking an angiotensin converting enzyme inhibi-
tor or angiotensin II receptor blocker as an anti-hypertensive

Table 1 Demographic variables

Total, n=30

Age, years 57.7+8.4
Male sex 27 (90%)
AADs before ablation 29 (90%)
ACE inhibitor/AT II receptor blocker 13 (43%)
Statin 8 (27%)
Systemic hypertension 14 (46%)
Dyslipidemia 8 27%)
Diabetes mellitus 6 (20%)
Coronary artery disease 0 (0%)
Congestive heart failure 0 (0%)
Cerebral embolism 2 (7%)
CHADS, score 0.67+1.03
Stable SR 6 months after the index RFCA 30 (100%)

After 1st RFCA procedure 22 (73%)

After 2nd RFCA procedure 7 (23%)

After 3rd RFCA procedure 1 (3%)

AAD antiarrhythmic drug, ACE angiotensin converting enzyme, AT
angiotensin, RFCA radiofrequency catheter ablation, SR sinus rhythm
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medication. In all cases, baseline heart rhythm was charac-
terized by AF, but with stable sinus rhythm 6 months after
the final RFCA (the index RFCA). To obtain stable sinus
rhythm, a single RFCA procedure was needed in 22 patients
(73%), a second RFCA was needed in 7 patients (23%), and
a third RFCA was needed in 1 patient (3%).
Echocardiographic data and serum BNP levels are shown
in Table 2. Although 6 patients had transient sinus rhythm,
rest 24 patients had AF rhythm at the baseline echocardio-
graphic assessment. Baseline LAVI was 33.7 + 10.4 ml/m?
and LVMI was 98.5 +28.7 g/m”. Both values were within
the normal range, but close to the upper limit values of LAVI
(34 ml/m?) and LVMI (102 g/m?) [26]. Baseline LVEDV and
LVESYV were 89.0+24.4 ml and 41.6+17.3 ml, and were

within the range of 2 standard deviations (62—150 ml for
men, 46—106 ml for women; 21-61 ml for men, 1442 ml for
women, respectively) [25]. Baseline LVEF was 56.8 +9.8%,
which was also within the normal range (>53%) [26]. At
the baseline, GLS, GRS and GCS were —16.8 +4.4%,
28.1 £11.8%, and — 14.1 +5.1%, respectively. These values
were lower than the lower limit values reported in normal
subjects with sinus rhythm (GLS: —15.9% to —22.1%, GRS:
35.1% to 59.0%, GCS: —20.9% to —27.8%) [26]. There
was no patient with LV dyssynchrony at the cutoff value
of >130 ms [23]. Diastolic indices such as early mitral
annular velocity (e') and the ratio of early transmitral inflow
velocity (E) and e’ (E/e") were under the cutoff values of the
current guidelines (0.07 m/s and 14, respectively) [27].

Table 2 Echocardiographic

. " Baseline 6 months after the p value

variables at basehn.e and index RECA

6 months after the index

radiofrequency catheter ablation Heart rate, beats per minute 70.2+21.1 65.4+11.1 NS
Sinus rhythm at the ultrasound study 6 (20%) 30 (100%) NA
BNP, pg/ml 91.5+78.3 28.2+22.0 <0.0001
LAVI, ml/m? 33.7+104 24.6+8.6 <0.0001
E, m/s 0.80+0.24 0.78+0.23 NS
A, m/s NA 0.45+0.15 NA
E/A NA 1.83+0.97 NA
DT, ms 206+ 56 227+62 NS
¢’ (septal), m/s 0.080+0.027 0.073+0.019 NS
Ele' 10.86 +4.27 11.08 +3.78 NS
LVMI, g/m? 98.5+28.7 78.5+26.6 0.0020
LVEDV, ml 89.0+24.4 86.2+23.7 NS
LVESV, ml 41.6+17.3 33.5+16.0 0.0087
LVEF, % 56.8+9.8 65.1+9.1 <0.0001
SV, ml 49.2+13.0 55.1+15.9 0.0581
CO, ml/min 3.43+1.23 3.57+1.01 NS
GLS, % —-16.8+4.4 —18.8+3.4 0.0055
GRS, % 28.1+11.8 33.2+19.0 NS
GCS, % —-14.1+5.1 -11.1+£17.0 NS
SRgys, 87! -1.03+0.31 -1.13£0.19 NS
SR, s~ 0.73+0.10 1.32+0.29 <0.0001
SR, s NA 0.68+0.31 NA
E/SRg, m 1.11+0.36 0.61+0.19 <0.0001
Dyssynchrony index >130 ms 0 (0%) 0(0%) NA
Dyssynchrony index, ms 9.8+16.9 7.4+20.0 NS
Twist, © 8.12+3.66 12.33+£6.75 0.0050
Twist rate, °/s 64.01 +8.23 78.17+38.74 0.0584
Untwist rate, °/s —61.78+41.81 —77.85+£50.37 NS

RFCA radiofrequency catheter ablation, BNP brain natriuretic peptide, LAVI left atrial volume index, E
early transmitral inflow velocity, A transmitral inflow velocity during atrial contraction, DT Deceleration
time of early transmitral inflow, e’ early mitral annular velocity, LVMI left ventricular mass index, LVEDV
left ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, LVEF left ventricular
ejection fraction, SV stroke volume, CO cardiac output, GLS global longitudinal strain, GRS global radial
strain, GCS global circumferential strain, SRgys systolic strain rate, SRy, strain rate during early diastole,
SR, strain rate during atrial contraction, NS not significant, NA not applicable
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6 months after the index RFCA, the morphologic param-
eters of the left-sided cardiac chambers, such as LAVI
and LVESV, decreased significantly (33.7 + 10.4 ml/m?
vs. 24.6+ 8.6 ml/m?, p<0.0001; and 41.6+17.3 ml vs.
33.5+16.0 ml, p=0.0087, respectively), and the surro-
gates of LV systolic function, such as LVEF, GLS, twist,
improved significantly (56.8 £9.8% vs. 65.1+9.1%,
p<0.0001; —16.8+4.4% vs. —18.8+£3.4%, p=0.0055;
and 8.12+3.66° vs. 12.33 +6.75°, p=0.0050, respec-
tively). Diastolic indices such as SRy, and E/SRg improved
significantly (0.73+0.10 s™! vs. 1.32+0.29 s}, p <0.0001;
and 1.11+0.36 m vs. 0.61 £0.19 m, p <0.0001, respec-
tively). Serum BNP levels improved significantly from
91.5+78.3 pg/ml to 28.2 +22.0 pg/ml (p <0.0001).

We obtained clinical data during the follow-up period for
all patients until 2 years after the index RFCA. At the follow-
up visit 2 years after the index RFCA, 22 patients had main-
tained stable sinus rhythm. The logistic regression analysis
showed that the baseline value of e’ was selected for a pre-
dictor of maintaining stable sinus rhythm (odds ratio 37.093;

confidence interval 7.032-78.071, p=0.015; Table 3).
Among the echocardiographic variables at 6 months after
the index RFCA, the logistic regression analysis showed
that the value of LAVI 6 months after the index RFCA was
a predictor of maintaining stable sinus rhythm (odds ratio
0.793; confidence interval 0.664-0.946; p =0.010; Table 4).

Sixteen patients (53%) showed significant improvements
in LVEF (i.e., they experienced an increase of >9%). Fif-
teen patients (50%) exhibited significant reverse remodeling
of LA (i.e., experienced a decrease in LAVI of >10 ml)
6 months after RFCA.

Among the changes of each echocardiographic variable
including both systolic and diastolic LV function indices,
the logistic regression analysis showed that AE and AE/
SR was a contributing factor for significant improvement
in LVEF (odds ratio 0.981; confidence interval 0.965-0.998;
p=0.026; odds ratio 126.9; confidence interval 2.1-7762.3;
p=0.021, respectively; Table 5). However, the logistic
regression analysis did not show any significant contributing
factors in reverse remodeling of the LA, although ALVEF

Table 3 Baseline variables

S ; Baseline variables Stable SR 2 years after the index RFCA Odds ratio (95% CI) p value
predicting maintenance of stable
sinus rhythm 2 years after the Yes (n=22) No (n=8) p value
index radiofrequency catheter
ablation CHADS, score 0.46+0.30 1.25+1.39 0.0596
LAVI, ml/m? 31.7+£10.7 38.8+8.01 0.0987
¢’ (septal), m/s 0.088 +0.025 0.058 +£0.020 0.0044 37.093 (7.032-78.071) 0.015
Ele' 9.67+3.88 14.14 +3.67 0.0084
LVMI, g/m? 90+20 122+36 0.0050
LVEF, % 58.8+10.5 51.3+4.8 0.0632
GRS, % 309+12.1 22.1+99 0.0771

RFCA radiofrequency catheter ablation, CI confidence interval, LAVI left atrial volume index, e’ early
mitral annular velocity, E early transmitral inflow velocity, LVMI left ventricular mass index, GRS global

radial strain

Table 4 Variables at 6 months

. . Variables 6 months Stable SR 2 years after the index RFCA QOdds ratio (95% CI) p value
after the index RFCA predicting after the index RECA
maintenance of stable sinus Yes (n=22) No (n=8) p value
rhythm 2 years after the index
radiofrequency catheter ablation LAVI, IIll/II’l2 21.6x+7.5 32.8+5.4 0.0007 0.793 (0.664-10.946) 0.010
¢’ (septal), m/s 0.077+0.020 0.063+0.015  0.0719
Ele' 102+2.8 13.6+5.0 0.0239
LVMI, g/m? 7244213 95.4+33.5 0.0337
GLS, % —-195+33 —-17.1£3.6 0.0973
GRS, % 40.0+11.3 294+11.3 0.0304
SRgyg, 57! —1.18+0.19 —1.01+0.15 0.0327
SR, s7! 0.74+0.31 0.51+0.27 0.0711
E/SRg, m 0.57+0.15 0.71+0.25 0.0636

RFCA radiofrequency catheter ablation, CI confidence interval, LAVI left atrial volume index, e’ early
mitral annular velocity, LVMI left ventricular mass index, GLS global longitudinal strain, GRS global radial
strain, SRy systolic strain rate, SR, strain rate during atrial contraction, E early transmitral inflow velocity,

SR strain rate during early diastole
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Table 5 Factors contributing to

. . . Improvement in LVEF Odds ratio (95% CI) p value
improvement in left ventricular
ejection fraction Yes (n=16) No (n=14) p value
ALAVI, ml/m? -6.2+5.0 -11.6+7.8 0.0346
AE, m/s 0.404+0.11 —0.08+0.20 0.0490 0.981 (0.965-0.998) 0.028
ADT, ms —12.4+65.8 50.1+64.8 0.0141
AE/SRg, m —-0.35+0.22 —-0.63+0.31 0.0094 126.9 (2.1-7762.3) 0.021

LVEF left ventricular ejection fraction, CI confidence interval, LA left atrial volume index, E early transmi-
tral inflow velocity, DT Deceleration time of early transmitral inflow, SR, strain rate during early diastole

did show a tendency towards contribution (p =0.057,
Table 6).

Discussion

In this study, we performed comprehensive LV functional
assessment in patients with persistent AF and preserved
LVEF who underwent RFCA. We then evaluated LV defor-
mation as global strains (GLS, GRS, and GCS), SR, dyssyn-
chrony, and torsion by using STE. The three main findings of
our study are as follows: (1) in persistent AF with preserved
LVEF and no heart failure symptoms, further improve-
ment in LVEF (16/30, 53%) along with improvements of
LV deformation and torsion was observed within 6 months
after RFCA; (2) the predictor of maintaining stable sinus
rhythm 2 years after the index RFCA was the baseline value
of ¢’ and the value of LAVI 6 months after the index RFCA;
(3) AE/SRg; contributed to patients being able to experience
significant improvement in LVEF after RFCA.

In our study, further improvement in LVEF was observed
and the improvements in LV deformation, torsion, and dias-
tolic function within 6 months after RFCA were confirmed
by STE. Three studies have evaluated LV function in AF
with preserved LVEF using STE. In two studies, GLS
and GCS were reported to have been restored by RFCA,
although no LVEF improvement was observed [10, 15].
Conversely, Zhang et al. reported impaired all three strains
as well as in the LVEF and their restoration after RFCA for
AF [25], which was similar to our study results. Currently,
GLS is recommended as a sensitive marker of subclinical LV
dysfunction [20]. Longitudinal myocardial fibers, which are
located mainly in the sub-endocardium, are more vulnerable

to fibrosis due to hypertension or myocardial ischemia and
are impaired earlier than circumferential fibers (which are
mostly located in the mid-wall), or radial fibers (which are
mostly located in the subepicardium). Thus, in most cases
with subclinical cardiovascular disease, radial and circum-
ferential strains are usually preserved [30, 31]. Therefore, it
is possible that the patients in our cohort were at a slightly
more advanced stage of AF-induced LV dysfunction.

In our study, the baseline value of septal e’ and the value
of LAVI 6 months after the index RFCA were long-term
predictors of maintaining stable sinus rhythm. The septal
e', which is one of the LV diastolic function indices, was
found to be a long-term predictor. Patients with recurrent
AF after RFCA had a higher incidence of LA scarring than
did those without such recurrence [32]. Left ventricular dias-
tolic dysfunction is associated with LA remodeling [33] with
increasing atrial fibrosis and decreased LA voltage [34] and
this initiates the recurrence of AF after RFCA. There have
been a few reports that describe LV diastolic dysfunction as
an independent predictor of AF recurrence after RFCA [34,
35]. The present findings are concordant with these studies
and further confirm the importance of LV diastolic func-
tion in the treatment of AF. Reverse remodeling of the LA
after RFCA for isolated AF is well documented [15, 36].
Moreover, morphological and functional recovery of the LA
is regarded as a strong predictor for maintenance of stable
sinus rhythm after RFCA for AF [16, 36—40]. The results of
our study are also concordant with those studies.

In our study, LV systolic function indices such as LVEF,
LVESYV, strains, strain rate, dyssynchrony, and torsion
were not found to be predictors of maintenance of stable
sinus rhythm after RFCA. Recently, Liao et al. reported
that reverse remodeling of the LV with a decrease in LV

Table 6 Factors contributing to

. Reverse remodeling of LA Odds ratio (95% CI) p value
reverse remodeling of the left
atrium Yes (n=15) No (n=15) p value
ABNP, pg/ml —85.8+95.8 —340.7+31.1 0.0940
ALVEF, % 49+8.8 11.5+7.8 0.0399 0.902 (0.810-1.003) 0.057

LA left atrium, CI confidence interval, BNP brain natriuretic peptide, LVEF left ventricular ejection frac-

tion
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endo-systolic dimension is also predictive of maintenance
of stable sinus rhythm as well as reverse remodeling of the
LA after RFCA for AF [41]. In a study with a larger sample
size, LV systolic function indices, such as GLS and LVEF,
may have the power to predict the patient’s prognosis.

In our study, AE/SRg conversely contributed to improve-
ment in LVEF, and a smaller decrease of E/SRy; was associ-
ated with significant improvement of LVEF. Several clinical
studies have reported favorable factors for LVEF improve-
ments after RFCA for AF, such as the maintenance of stable
sinus rhythms after RFCA [42] and the favorable baseline
characteristics such as the existence of persistent AF or low
LVEF [21]. Ling et al. [43] reported that diffuse fibrosis in
the LV could be detected in AF patients with LV dysfunction
using cardiac magnetic resonance imaging. In AF patients
with mild LV fibrosis and lower LV filling pressure, there is
greater improvement in the LVEF than in AF patients with
severe LV fibrosis and higher LV filling pressure. Therefore,
it can be postulated that pre-existent or acquired LV fibrosis
after the initiation of AF [44] might attenuate the favorable
effect of RFCA for AF on LVEF.

Theoretically, potential mechanisms of LVEF improve-
ment after RFCA for AF might involve the restoration in
atrial contractility, the maintenance of synchronic atrioven-
tricular contractions, and the prevention of a high ventricu-
lar heart rate [3]. However, it remains unclear what mecha-
nism contributes the most. As our cohort experienced no
changes in the ventricular heart rate between baseline and
follow-up, it can be excluded as a potential mechanism in
this study. Tops et al. [18] mentioned that the improvement
in LV function after catheter ablation may be more related to
restoration and long-term maintenance of sinus rhythm than
to normalization of the heart rate since significant changes
in GCS, GLS and SR were only noted in the patients who
maintained sinus rhythm during follow-up. Kucukdurmaz
et al. [20] claimed that a potential mechanism of the recov-
ery of ventricular dysfunction associated with this arrhyth-
mia could be similar to the improvement after ablation of
frequent ventricular ectopic beats in patients with regular
heart rates. Our postulation is similar to those of previous
studies, which indicated that the restoration in atrial contrac-
tility and maintenance of synchronic atrioventricular con-
traction improve LV hemodynamics and lead to the improve-
ments of LV function, including LVEF, LV deformations
and torsion.

In our study, no significant contributing factors in the
reverse remodeling of the LA were observed, although
ALVEF showed only a tendency towards contribution. In a
study with a larger sample sizes, common contributing fac-
tors for both LVEF improvement and reverse remodeling of
the LA after RFCA may be uncovered. LV diastolic function
indices such as AE/SRg might be one of the candidates.

Since the sample size in our cohort was small and the
data were obtained from a single center, it is possible that
there may be an institutional bias. Therefore, the results and
conclusions from this study may not be generalized to other
institutions. Further study in a larger cohort is necessary
especially to confirm the prognostic values of LV func-
tional indices for maintenance of stable sinus rhythm, for
significant improvement in LVEF, and for significant reverse
remodeling of the LA after RFCA.

Conclusion

In persistent fibrillation with preserved LVEF and no heart
failure symptoms, LV deformation, torsion and diastolic
function can be restored by RFCA with improvement in
LVEF as well as reverse remodeling of the LA. LV fill-
ing pressure may play significant roles in the mechanisms.
Further investigations are necessary on a large-scale and in
multiple institutions to confirm these findings and elucidate
the main mechanism of this phenomenon.
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