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Abstract

Aims The purpose of this study was to compare the impact of catheter ablation on cardiac structural reverse remodelling
and atrial (AFMR) and ventricular (VFMR) functional mitral regurgitation (MR), and the long-term prognosis of patients with
AFMR and VFMR.
Methods and results The retrospective study included persistent AF patients who had AFMR (n = 136, left atrial (LA) volume
index >30 mL/m2 and left ventricular (LV) ejection fraction ≥40%) or VFMR (n = 31, LV ejection fraction <40% or LV regional
asynergy) and had undergone the initial AF ablation from April 2015 to December 2019. Baseline and 6 month follow-up echo-
cardiography were performed to assess MR, LA, and LV sizes. MR improvement after ablation was comparable in the AFMR
(64%) and VFMR groups (52%, P = 0.20). Patients with AFMR improvement showed a greater decrease in left atrial volume
after ablation than those without (amount of change: �11.4 ± 15.1 vs. �2.3 ± 21.1 mL/m2, P = 0.01). Patients with VFMR im-
provement showed a greater increase in LV ejection fraction than those without (amount of change: 28.5 ± 13.6% vs.
9.0 ± 14.8%, P = 0.001). The composite endpoint of all-cause death and heart failure hospitalization during the 2 year
follow-up period was more frequently observed in the VFMR than in the AFMR group (22.6% vs. 3.7%, P < 0.0001). Patients
with MR improvement after catheter ablation less frequently demonstrated the composite endpoint than those without (1.9%
vs. 15.6%, P < 0.0001).
Conclusions Atrial functional mitral regurgitation and VFMR improvement after ablation were associated with atrial and
ventricular reverse remodelling, respectively. It is possible that long-term prognosis is better in patients with AFMR than with
VFMR, and in those with MR improvement than in those without.
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Introduction

Atrial fibrillation (AF) and heart failure represent a vicious
twin. Heart failure can develop as a result of AF persistence.
In contrast, AF often follows heart failure as a result of
multiple factors that cause myocardial remodelling, including
increased wall stress and neurohormonal abnormity.1,2 Func-
tional mitral regurgitation (MR) is known to exacerbate this
vicious relationship. AF patients with MR are hospitalized
for heart failure more frequently than those without.3,4

Traditional functional MR - which has recently been termed

‘ventricular functional MR (VFMR)’—is associated with mitral
leaflet tethering and/or decreased closing forces in patients
with a dilated left ventricle. Recently, atrial functional MR
(AFMR), which is caused by a lack of leaflet coaptation due
to left atrial (LA) and mitral annular dilatation, has been rec-
ognized as an important cause of heart failure following AF.3,5

Catheter ablation is widely performed as a therapeutic op-
tion for AF. Several observational studies have reported
AFMR improvement in line with atrial reverse remodelling af-
ter maintaining sinus rhythm after catheter ablation for AF.5,6

These studies included patients with relatively preserved
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ventricular function, and clearly illustrated the impact of
catheter ablation on AFMR. In the clinical setting, functional
MR in AF patients consists of both AFMR and VFMR, because
myocardial remodelling develops not only at the atrium but
also at the ventricle. However, little is known about the
influence of catheter ablation on these different types of
functional MR.

Here, we compared the impact of catheter ablation on car-
diac structural reverse remodelling and MR severity, as well
as long-term prognosis in patients with AFMR and VFMR.

Methods

Study design

This single centre retrospective study included patients with
symptomatic persistent AF who had a significant AFMR or
VFMR graded as mild or more severe and who underwent in-
dex AF ablation at Kansai Rosai Hospital from April 2015 to
December 2019. AFMR was defined as functional MR with
LA enlargement (LA volume index >30 mL/m2 which is the
upper limit of the 95% normal range of healthy Japanese sub-
jects) and preserved left ventricular (LV) contraction (LV ejec-
tion fraction ≥40%) without LV regional asynergy as reported
in prior studies.4,7 VFMR consisted of functional MR with im-
paired LV contraction, defined as LV ejection fraction <40%
or LV regional asynergy. Patients with any evidence of pri-
mary leaflet involvement, such as from prior endocarditis,
rheumatic valve disease, congenital anomaly, or significant
mitral annular calcification, were excluded. Other exclusion
criteria were as follows: sinus rhythm at the time of baseline
echocardiography; MR of an unknown cause; age <20 years;
prior cardiac surgery; prior catheter ablation in the left
atrium; and lack of appropriate echocardiography, including
lost follow-up echocardiography and poor images of obtained
echocardiography.

This study complied with the Declaration of Helsinki. Writ-
ten informed consent for ablation and participation in the
study was obtained from all patients. The protocol was ap-
proved by our institutional review board.

Echocardiography

Transthoracic echocardiography was performed before and
6 months after AF ablation using an Epic7Q (Phillips, Andover,
MA, USA), Vivid E9 (GE Healthcare, Boston, MA, USA), Artida
or Aplio XL (Canon Medical Systems, Ohtawara, Tochigi,
Japan). All measurements in AF were conducted in a single
beat after serial beats with average R-R interval. Echocardio-
grams were then analysed offline using digital analysis soft-
ware (KinetDx, Siemens, Mountain View, CA, USA) by a single
research echocardiographer who was blinded to patient out-

comes. LA diameter at end systole, and LV systolic and dia-
stolic diameters were measured in the parasternal long-axis
view. LA volume at end systole was measured in the apical
2-chamber and 4-chamber views using biplane disk summa-
tion method. Anterior–posterior and medial–lateral mitral
annular dimensions were measured in apical long-axis and
apical 4-chamber views. MR colour jet area was measured
in the apical 4-chamber, apical 2-chamber, and apical long-
axis views. Colour Doppler scale, and therefore Nyquist limit,
were determined by the clinical ultrasonographer and in gen-
eral were set to 50 to 70 cm/s. The ratio of MR colour jet area
to LA area was then calculated using the largest measured
values among three views. The severity of MR was classified
into none, trivial, mild, moderate, and severe, using multiple
parameters including the area of the regurgitant jet and vena
contracta width.8 Leaflet motion was characterized as nor-
mal, excessive, or restrictive. MR improvement was defined
as a decrease in MR degree at 6 months’ follow-up echocar-
diography by 1 or more of that at baseline. The echocardio-
graphic data measurement was performed retrospectively
by a research echocardiographer who has 20 years of experi-
ence as a clinical sonographer. In addition, she has been in-
volved in the field of clinical research for 12 years. She is
certified as a cardiac sonographer specialist by the Japan
Society of Ultrasonics in Medicine.

Catheter ablation

Electrophysiological studies and catheter ablation were per-
formed under intravenous sedation with dexmedetomidine.
A 6-Fr decapolar electrode was inserted into the coronary si-
nus, and a second 6-Fr decapolar electrode was placed in the
right atrium. Following transseptal puncture at the fossa
ovalis, two long sheaths were introduced into the left atrium
using a single transseptal puncture technique. A 20-pole cir-
cular catheter was placed at one of four pulmonary veins
via a long sheath. Mapping and ablation were then per-
formed under guidance with an electroanatomical mapping
system (Carto3; Biosense Webster, Diamond Bar, CA, USA).
Circumferential ablation around both ipsilateral pulmonary
veins was performed using a point-by-point technique.

An open-irrigated ablation catheter with a 3.5-mm tip
(Thermocool SmartTouch®; Biosense Webster) via an Agilis®
or SL0® sheath (St. Jude Medical, St. Paul, MN, USA) was
used. Radiofrequency energy was applied for 30 s at each site
using a maximum temperature of 42°C, maximum power of
35 W, and flow rate of 17 mL/min. At the posterior wall near
the oesophagus, the duration of radiofrequency energy deliv-
ery was limited to 15 s. Operators attempted to maintain
contact force values between 5 and 20 g to ensure an appro-
priate degree of contact between the catheter and myocar-
dium. Pulmonary vein isolation was considered complete
when the circular catheters no longer recorded any
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pulmonary vein potentials. Electrical cardioversion was
performed in cases where AF persisted at the end of the pul-
monary vein isolation procedure.

Following pulmonary vein isolation, LA voltage mapping
during 100 b.p.m. paced rhythm at the right atrium was per-
formed using a 20-pole multielectrode mapping catheter
(Pentaray®, or Lasso NAV®, Biosense Webster) as previously
reported.9 Low-voltage areas were defined as areas with bi-
polar peak-to-peak voltage <0.50 mV covering >5 cm2 of
LA surface.

Patients were followed every 4–8 weeks at the dedicated
arrhythmia clinic of our institution for a minimum of 2 years.
Routine ECGs were obtained at each outpatient visit, and
24 h ambulatory Holter monitoring was performed at
6 months post-ablation. When patients experienced symp-
toms suggestive of an arrhythmia, a surface ECG, ambulatory
ECG, and/or cardiac event recording were also obtained. Ei-
ther of the following events after the initial 3 months from
the ablation (blanking period) was considered to indicate AF
recurrence: (i) atrial tachyarrhythmia recorded on a routine
or symptom-triggered ECG during an outpatient visit or (ii)
atrial tachyarrhythmia of at least a 30 s duration on ambula-
tory ECG monitoring. No antiarrhythmic drugs were pre-
scribed after the ablation procedure unless recurrent AF
was observed.

Statistics

Continuous data are expressed as the mean ± standard
deviation or median (interquartile range). Categorical data
are presented as absolute values and percentages. Tests for
significance were conducted using the unpaired t-test or a
nonparametric test (Mann–Whitney U-test) for continuous
variables and the χ2 test or Fisher’s exact test for categorical
variables. Univariate and multivariate logistic regression anal-
yses was used to determine the clinical factors that were
associated with MR improvement after catheter ablation.
Variables with a P value ≤0.05 in the univariate models were
included in the multivariate analysis. Long-term clinical event
rates were calculated using the Kaplan–Meier method. Com-
parison of survival curves between the groups was performed
using the two-sided Mantel–Haenszel (log-rank) test. All
analyses were performed using commercial software (SPSS®
version 22.0 software, SPSS, Inc., Chicago IL, USA).

Results

Patients

During the study period, a total of 513 persistent AF patients
underwent catheter ablation at Kansai Rosai Hospital. After
excluding patients with no appropriate echocardiography

data (n = 61), no or trivial MR grades (n = 274), and primary
or unknown-cause MR (n = 3), 167 patients with a significant
functional MR were enrolled in the study. Study patients
were classified into AFMR (n = 136) and VFMR (n = 31)
groups.

Comparison of baseline data between atrial and
ventricular functional mitral regurgitation

Baseline data between the AFMR and VFMR groups are com-
pared in Table 1. History of symptomatic heart failure was
more common in the VFMR group than in the AFMR group.
Heart rate before ablation was significantly higher in the
VFMR group than that in the AFMR group. Patients in the
AFMR group tended to be older, more likely to have
long-standing persistent AF and concomitant hypertension,
and less likely to have history of stroke.

Mitral regurgitation was more severe in the VFMR group
than in the AFMR group in terms of severity grade, regurgita-
tion jet area, and regurgitation jet contracta width (Figure
1CA–1). Patients in VFMR group demonstrated larger LA
and mitral annular sizes and were more likely to have re-
stricted mitral valve leaflet motion and a larger mitral valve
tethering height than those in the AFMR group (Table 1). LV
remodelling was more advanced in the VFMR group than in
the AFMR group, as represented by lower LV ejection frac-
tion, larger LV size, and larger LV mass. In addition, LV filling
pressure surrogated by E/e0 was also higher in the VFMR
group than in the AFMR group.

Echocardiographic and clinical parameters
associated with mitral regurgitation
improvement

MR improvement was comparable in the AFMR (87 [64%])
and VFMR groups (16 [52%], P = 0.20, Figure 1A). MR jet area
and vena contracta width also decreased or tended to de-
crease after ablation (Figure 1C and 1D). VFMR demonstrated
more severe MR than AFMR even after catheter ablation
(Figure 1B).

Changes in echocardiographic parameters after catheter
ablation are shown in Table 2. In the AFMR group, LA volume
decrease was observed only in patients with MR improve-
ment. Decrease in mitral annular diameters was observed in
with and without MR improvement, and the amount of mitral
annular diameter decrease was more in patients with MR
improvement than those without. A tendency toward an in-
crease in LV ejection fraction was more common in patients
with AFMR improvement than those without. Tricuspid
valve regurgitation was significantly improved in patients
with MR improvement compared with those without. Among
patients with sinus rhythm at follow-up echocardiography,
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the ratio of the early to late transmitral flow velocities (E/A)
was lower in patients with MR improvement (n = 80,
E/A = 1.02 ± 0.39 cm/s) than those without (n = 40,
E/A = 1.50 ± 0.77 cm/s, P < 0.0001).

In the VFMR group, LA volume was comparably decreased
in patients with and without MR improvement. There was no
difference in the amount of changes in mitral annular size be-
tween patients with and without VFMR improvement. Al-
though LV ejection fraction increased in both with and with-
out MR improvement, patients with MR improvement

demonstrated a greater increase in LV ejection fraction, a
greater decrease in LV systolic diameter, and a tendency to-
ward a reduction in mitral valve tethering height than those
without MR improvement. Greater improvement in tricuspid
valve regurgitation was also observed in patients with MR im-
provement than those without. Among patients with sinus
rhythm at follow-up echocardiography, the E/A ratio was
not statistically different between patients with MR improve-
ment (n = 16, E/A = 0.96 ± 0.31 cm/s) and without (n = 11,
E/A = 1.6 ± 1.33 cm/s, P = 0.15).

Table 1 Baseline characteristics

AFMR (n = 136) VFMR (n = 31) P

Age, years 70.0 ± 7.9 66.3 ± 10.2 0.063
Male, n (%) 82 (60) 23 (74) 0.15
Body mass index, kg/m2 23.1 ± 3.6 22.8 ± 2.5 0.57
Systolic blood pressure, mmHg 124 ± 15 113 ± 14 <0.0001
AF history

Duration 11 (7, 16) 7 (4, 12) 0.009
Long-standing persistent AFa, n (%) 27 (20) 2 (7) 0.057

Coronary artery disease, n (%) 17 (13) 3 (10) 0.47
Hypertension, n (%) 74 (54) 11 (36) 0.057
Diabetes mellitus, % 19 (14) 6 (19) 0.45
History of symptomatic heart failure, n (%) 45 (33) 23 (74) <0.0001
History of stroke, n (%) 11 (8) 6 (19) 0.061
CHA2DS2 VASc score 2.7 ± 1.4 2.8 ± 1.7 0.68
Heart rate, beats per minute 89 ± 22 105 ± 30 0.004
Haemoglobin, g/dL 13.9 ± 1.5 14.4 ± 1.7 0.21
eGFR, mL/min/1.73 m2 60.0 ± 16.5 59.2 ± 21.3 0.84
NT-pro BNP, pg/mL 895 (664, 1577) 1509 (850, 3166) 0.12
Medications

ACE inhibitor/ARB 53 (39) 26 (84) <0.0001
Beta-blocker 50 (37) 23 (74) <0.0001
MRA 14 (10) 15 (48) <0.0001

Echocardiography
LA volume, mL 82.8 ± 28.4 102.4 ± 33.5 0.004
LA volume index, mL/m2 50.9 ± 18.7 63.0 ± 23.2 0.010
Anterior–posterior mitral annular diameter, mm 34.8 ± 3.6 36.7 ± 5.5 0.067
Medical-lateral mitral annular diameter, mm 36.5 ± 3.5 39.6 ± 4.4 <0.0001
Mitral valve leaflet motion <0.0001
Normal, n (%) 132 (97) 20 (65)
Restricted, n (%) 4 (3) 11 (36)

Mitral valve tethering height, mm 4.1 ± 1.8 7.0 ± 3.2 <0.0001
Tricuspid valve regurgitation
Severity grade, n (%) 0.20
None or trivial 18 (13) 2 (7)
Mild 77 (57) 22 (71)
Moderate 38 (28) 5 (16)
Severe 3 (2) 2 (7)
Pressure gradientb 25.4 ± 6.8 25.1 ± 6.4 0.83

LV ejection fraction, % 59.8 ± 8.3 29.2 ± 6.6 <0.0001
LV diastolic diameter, mm 46.7 ± 6.1 55.8 ± 8.4 <0.0001
LV diastolic diameter index, mm/m2 28.6 ± 4.3 34.1 ± 5.6 <0.0001
LV systolic diameter, mm 31.7 ± 5.3 48.8 ± 7.0 <0.0001
LV systolic diameter index, mm/m2 19.4 ± 3.5 29.8 ± 4.9 <0.0001
LV mass, g 178.6 ± 55.2 241.9 ± 80.5 <0.0001
LV mass index, g/m2 108.4 ± 31.8 146.5 ± 42.7 <0.0001
E, cm/s 0.89 ± 0.20 0.93 ± 0.31 0.52
E/e0 11.2 ± 5.6 15.3 ± 8.7 <0.002

ACE inhibitor, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; AFMR, atrial functional mitral regurgitation; ARB, angioten-
sin II receptor blocker; E, transmitral diastolic early flow peak velocity; e0, tissue Doppler diastolic early myocardial velocity from septal mi-
tral annulus; eGFR, estimated glomerular filtration rate; LA, left atrial; LV, left ventricular; MRA, mineral corticoid receptor antagonist;
NT-pro BNP; N-terminal pro-brain natriuretic peptide; VFMR, ventricular functional mitral regurgitation.
aLong-standing persistent atrial fibrillation lasting >1 year.
bPressure gradient of tricuspid valve regurgitation was obtained from 113 patients in the AFMR group and 28 in the VFMR group.
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Clinical and ablation data with and without MR
improvement are compared in Table 3. In the AFMR
group, smaller proportions of patients with MR improvement
had LA low-voltage areas, underwent posterior mitral
isthmus linear ablation, and experienced AF recurrence
than those without MR improvement. On the other hand,
VFMR improvement was associated with a less frequent
history of heart failure. Incidence of low-voltage areas was

comparable between those with and without VFMR
improvement.

Multivariate analysis incorporating factors with a P value
<0.10 in Tables 2 and 3 showed that independent predictors
of MR improvement were the absence of extensive
low-voltage areas (≥20 cm2) for AFMR improvement and
smaller baseline LV diastolic diameter for VFMR (Supporting
Information, Table S1).

Figure 1 MR severity at baseline and follow-up echocardiography. Time course of MR severity grade (A), patient distributions at each severity grade
(B), and MR jet area/LA area (C), and MR vena contracta width (D). MR severity was less in AFMR than in VFMR at both baseline and 6 month follow-up
echocardiography. MR improvement was observed, irrespective of AFMR and VFMR after catheter ablation. AFMR, atrial functional mitral regurgita-
tion; LA, left atrial; MR, mitral regurgitation; VFMR, ventricular functional mitral regurgitation.
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Impact of left atrial fibrosis on left atrial reverse
remodelling and mitral regurgitation
improvement after sinus rhythm maintenance

Figure 2 compares LA reverse remodelling and MR improve-
ment after catheter ablation between cases with (n = 10)
and without extensive LA low-voltage areas ≥20 cm2

(n = 100) among AFMR group patients without AF recurrence.
Patients with extensive low-voltage areas had a greater LA
volume at baseline and 6 months after sinus rhythm recovery
by catheter ablation. In addition, a smaller LA volume change
ratio was observed in patients with extensive low-voltage
areas than those without. Reduction of MR jet area/LA area
was also smaller in patients with extensive low-voltage areas
than those without.

Long-term prognosis

During 2 year follow-up, four patients died from a cardiovas-
cular cause (heart failure in all four patients), namely, two pa-
tients in the VFMR group without MR improvement, one in
the VFMR group with MR improvement, and one in the AFMR
group without MR improvement. Non-cardiovascular death
was observed in one patient (tongue cancer in the VFMR
group without MR improvement). No patient underwent car-
diac surgery for MR. The composite endpoint of all-cause
death and heart failure hospitalization was more frequent
in the VFMR group than in the AFMR group (22.6% vs.
3.7%, P < 0.0001, Figure 3A). In addition, the composite end-
point was more frequent in patients without MR improve-
ment after catheter ablation than those with MR improve-
ment (15.6% vs. 1.9%, P < 0.0001), and even more
frequent in patients without MR improvement in both the
AFMR and VFMR groups (Figure 3B).

Exacerbation of heart failure requiring medical interven-
tion was also more frequent in the VFMR group than in the
AFMR group (35.5% vs. 11.8%, P = 0.001; Figure 3B) and in
patients without MR improvement than those with improve-
ment (31.3% vs. 6.8%, P < 0.0001), irrespective of AFMR or
VFMR group (Figure 3B).

Atrial fibrillation recurrence was comparable between the
AFMR and VFMR groups. On the other hand, patients with
MR improvement had or tended to have fewer AF recur-
rences than those without MR improvement.

Discussion

This observational study was conducted in patients with per-
sistent AF who had significant AFMR or VFMR and who
underwent the index AF ablation. MR improvement in the
groups was comparable, at approximately half of the AFMRTa
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(64%) and VFMR groups (52%). MR improvement was associ-
ated with structural reverse remodelling after catheter abla-
tion: reduction in LA volume and mitral annular sizes for
AFMR improvement, and increase in LV ejection fraction for
VFMR. Predictors of AFMR and VFMR improvement were
the absence of extensive LA fibrosis and small LV diastolic di-
ameter at baseline, respectively. Long-term heart failure
prognosis was better in patients with AFMR than those with
VFMR, and in patients with MR improvement than those
without MR improvement.

Atrial functional mitral regurgitation
improvement

The AFMR group showed an enlarged left atrium, with an LA
volume of 82.8 ± 28.4 mL and LA volume index of
50.9 ± 18.7 mL/m2, which are higher than those of healthy
Japanese subjects: 37 ± 8 mL and 22 ± 4 mL/m2, respectively.7

In addition, most patients in the AFMR group had normal mi-
tral valve leaflet motion without restriction or prolapse. We
therefore presume that the structural mechanism of MR in

Figure 2 Influence of LA extensive low-voltage areas after sinus rhythm maintenance on AFMR and LA reverse remodelling. Patients who remained in
sinus rhythm after catheter ablation in the AFMR group were classified by the presence (n = 10) or absence (n = 100) of LA extensive low-voltage areas
(≥20 cm2). MR jet area/LA area (A) and LA volume index (B) were compared. Patients with extensive low-voltage areas had less MR improvement and
LA reverse remodelling. AFMR, atrial functional mitral regurgitation; LA, left atrial; MR, mitral regurgitation.
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the AFMR group was a lack of leaflet coaptation due to dila-
tation of the left atrium and mitral annulus. This theory is
supported by our finding that patients with AFMR improve-
ment had a greater reduction in LA and mitral annular sizes
than those without this improvement. Similar observations
have been reported previously, including in patients who
underwent catheter ablation.5,6

Of note, the degree of LA volume reduction and MR im-
provement after sinus rhythm maintenance was significantly
less in patients with extensive LA low-voltage areas.
Low-voltage areas are thought to represent fibrosis of myo-
cardial tissue.10 On this basis, patients with extensive
low-voltage areas would have advanced and broad LA myo-
cardial fibrotic degeneration which would lead to irreversible

LA remodelling even after sinus rhythm maintenance by cath-
eter ablation.

Future clinical studies investigating the impact of catheter
ablation on atrial and ventricular three-dimensional shape
observed using echocardiography would improve our under-
standing of the mechanisms of functional MR in AF patients.

Ventricular functional mitral regurgitation
improvement

Baseline echocardiography in the VFMR group demonstrated
dilated LA and LV sizes and frequent restriction of mitral leaf-
let motion compared with the AFMR group. Functional MR in

Figure 3 Comparison of long-term outcomes. Event-free rates of all-cause death and heart failure hospitalization (A), heart failure requiring medical
intervention (B), and AF recurrence (C) during the 2 year follow-up period. The composite endpoint of all-cause death and heart failure hospitalization,
and heart failure requiring medical intervention were more frequent in the VFMR than in the AFMR group, and in patients without MR improvement
than those with improvement. AF recurrence rates were comparable between the AFMR and VFMR groups. On the other hand, patients with AFMR
and VFMR showed less frequent or the tendency toward less frequent AF recurrence. AF atrial fibrillation; AFMR, atrial functional mitral regurgitation;
MR, mitral regurgitation; VFMR, ventricular functional mitral regurgitation.
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the VFMR group is therefore likely attributable to a lack of
leaflet coaptation due to the combination of mitral valvular
tethering and mitral annular dilation.

Patients with improved VFMR showed an increase in LV
ejection fraction. In contrast, change in LA size was compara-
ble between patients with and without VFMR improvement.
These results suggest that catheter ablation improves VFMR
by ventricular rather than atrial reverse remodelling. One of
the main aetiologies of reduced LV ejection fraction in the
VFMR group is likely tachycardia-induced cardiomyopathy,
in which ventricular reverse remodelling is common after
maintenance of appropriate cardiac rhythm.11 In contrast,
cases of primary ventricular cardiomyopathy, such as dilated
cardiomyopathy and ischaemic cardiomyopathy, cannot ex-
pect significant reverse remodelling after sinus rhythm main-
tenance, as is expected in tachycardia-induced
cardiomyopathy.

No enlargement of LV diastolic diameter at baseline was
independently associated with VFMR improvement. The ab-
sence of LV enlargement suggests relatively mild LV remodel-
ling and may indicate that LV remodelling is still in the revers-
ible stage.

Over a half of patients with VFMR demonstrated MR im-
provement after ablation in this study. A high rate of VFMR
improvement after ablation would suggest that majority of
patients with VFMR had tachycardia-induced cardiomyopa-
thy with relatively mild LV remodelling which is represented
by short duration of AF persistence (7 [4,12] months) and
small LV diastolic diameter at baseline (55.8 ± 8.4 mm) for re-
duced LV ejection fraction (29.2 ± 6.6%).

Better heart failure prognosis in patients with
atrial functional mitral regurgitation than those
with ventricular functional mitral regurgitation

Prior studies reported better heart failure prognosis in
medically-treated patients with AFMR than those with
VFMR.4,12 In addition, catheter ablation possibly improved
heart failure prognosis to a greater extent in patients with
AFMR than those with VFMR. Patients with persistent AF
likely have atrial remodelling caused by AF persistence itself,
the so-called ‘AF begets AF’ phenomenon.13 Elimination of AF
by catheter ablation might break this vicious circle, and atrial
reverse remodelling would then be particularly expected in
the AFMR group. On the other hand, patients with VFMR
have remodelling of both the atrium and ventricle. The ma-
jority of patients have ventricular cardiomyopathy leading
to both ventricular and atrial remodelling, resulting in both
AF and functional MR. In such cases, ventricular remodelling
would continue even after the elimination of AF by catheter
ablation. Exceptionally, when ventricular remodelling is due
to tachycardia-induced cardiomyopathy, catheter ablation of

AF could improve ventricular remodelling and thereby im-
prove the prognosis.14

Mitral regurgitation improvement and heart
failure prognosis

The better clinical outcome seen in patients with MR im-
provement than those without may be explained by the di-
rect benefit of MR reduction, such as improved cardiac per-
formance and suppression of further LV remodelling. The
beneficial impact of MR reduction on long-term prognosis
was supported by the results of the randomized controlled
COAPT trial, which reported a better heart failure prognosis
in patients undergoing percutaneous mitral valve repair than
those without.15

In addition, given that MR improvement in the present
study was observed together with other structural reverse re-
modelling, such as LA and LV volume reduction, it is possible
that MR improvement is a result of cardiac reverse remodel-
ling after catheter ablation, and cardiac reverse remodelling
itself may contribute to the improved heart failure prognosis.

Improvement of heart failure outcomes by catheter abla-
tion reported in the CASTLE AF trial is likely explained by
the multiple benefits of catheter ablation on haemodynamics
in heart failure patients.16 Beneficial effects of sinus rhythm
maintenance include the recovery of atrial mechanical func-
tion, optimized frequency of ventricular contraction, and pos-
sibly also improvement in functional MR.

Catheter ablation of persistent atrial fibrillation
associated with functional mitral regurgitation

Observation of this study indicated that a part of the func-
tional MR in patients with persistent AF could be improved
by catheter ablation. Improvements in the AFMR and VFMR
were accompanied by atrial and ventricular reverse remodel-
ling, respectively. The absence of extensive LA low-voltage
areas was an independent predictor of an AFMR improve-
ment and could be estimated by the previously published
clinical risk score.17 A VFMR improvement was expected in
patients with a small LV size in spite of a reduced LV ejection
fraction. This information would be useful in selecting the pa-
tients in whom functional MR would improve after catheter
ablation.

Limitations

Several limitations of this study warrant mention. First, this is
a non-randomized observational study. Prognosis in each
group was likely influenced by multiple confounding factors.
Second, patient categorization of AFMR and VFMR was based
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on the presence or absence of LA enlargement and LV con-
traction disorder, rather than the aetiology of functional
MR. Therefore, patient groups and MR aetiology do not nec-
essarily have a one-to-one correspondence. Third, this study
was limited to patients with prespecified follow-up data,
possibly resulting in a degree of selection bias. Fourth, heart
failure hospitalizations would range from treatment for
life-threatening conditions to therapeutic optimization in pa-
tients with a stable condition, and the clinical impact would
be quite different. Fifth, AF recurrence after discharge was
quantified on the basis of intermittent short-time ECGs and
the patients’ symptom-triggered ECGs, giving rise to the
possibility that asymptomatic episodes of AF might have
been missed. Sixth, this study did not collect data on atrial
mechanical function such as booster pump function and
reservoir function which could affect post-procedural reverse
remodelling and heart failure prognosis. Seventh, the
effects of the medications on cardiac reverse remodelling
during the follow-up period were difficult to determine be-
cause the medical therapy protocol was not consistent.
Eighth, the comparisons of the outcomes between the AFMR
and VFMR groups were possibly influenced by selection bias
arising from the different baseline MR severity grades be-
tween the groups. Finally, the study was retrospectively
conducted using a small sample size at a single centre.
Accordingly, the results were possibly influenced by many
confounding factors, and the statistical accuracy was limited.
Therefore, the study results are not conclusive. Multicentre
prospective trials including a larger number of patients are
warranted.

Conclusion

In patients with persistent AF who underwent index AF
ablation, approximately one-half showed an improvement
in functional MR after catheter ablation, irrespective of AFMR
or VFMR. AFMR was associated with atrial reverse remodel-
ling, whereas VFMR was associated with ventricular reverse
remodelling. Although better long-term prognosis was sug-
gested in patients with AFMR and those with MR improve-
ment after catheter ablation, further prospective studies are
needed to verify the results of this study.
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