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ABSTRACT

Functional mitral regurgitation (MR) is associated with increased cardiovascular morbidity and mortality and over the past decade,
the diagnosis of atrial functional mitral regurgitation (aFMR) has been increasingly observed in the elderly, especially in those with
atrial fibrillation (AF) and heart failure with preserved ejection fraction (HFpEF). Annular enlargement, perturbations of annular
contraction, and atriogenic leaflet tethering distinguish the pathophysiology of aFMR from the one of ventricular origin. However, no
consensus provides recommendations regarding the differential diagnosis and the subsequent management of aFMR. The advent of
transcatheter mitral valve repair has paved the way for various treatments including edge-to-edge repair (TEER), mitral annuloplasty,
and replacement, with optimistic results on short-medium-term outcome provided by preliminary studies. In parallel, rhythm control
of AF for paroxysmal and persistent types, should be pursued to induce reverse remodeling and restoring the normal leaflet
coaptation. In this setting, catheter ablation aiming for electrical isolation of the pulmonary veins is the most widely recognized and
effective strategy for maintaining sinus rhythm. Nevertheless, arrhythmia-free survival is lower in patients with persistent and long-
term persistent AF, leading to the adoption of hybrid strategies combining transcatheter endocardial ablation and thoracoscopic
epicardial surgical ablation. This review provides an update on the diagnosis and treatment of aFMR, focusing on available
transcatheter approaches that can be performed in the catheterization lab and electrophysiology lab.

last decade. Indeed, independently of MR, AF is the most frequent
rhythm disorder, being observed in 2% of the general population

1 | Introduction

Mitral regurgitation (MR) is the most common valvular heart
disease and it is associated with significant morbidity and mor-
tality worldwide [1], being among the most common cause of
heart failure (HF) and recurrent arrhythmias [2]. The relationship
between MR and sustained supraventricular tachycardia such as
atrial fibrillation (AF) has been deeply investigated thorough the
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and its prevalence is destined to increase with population aging
[3]. AF and MR synergistically induce electroanatomic adverse
remodeling of left atrium, fibrosis, and increased volume and
annular size, leading to a vicious cycle that worsens both MR and
AF. This type of atriogenic MR, labeled atrial functional MR
(aFMR) [4], is increasingly reported in patients with AF (varying

Catheterization and Cardiovascular Interventions, 2024; 1-13
https://doi.org/10.1002/ccd.31368

10f 13


http://orcid.org/0000-0003-1584-5172
mailto:preda.alberto@hsr.it
https://doi.org/10.1002/ccd.31368
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fccd.31368&domain=pdf&date_stamp=2024-12-26

from 10% to 40%), particularly, in the elderly, obese patients and in
those with HF with preserved EF (HFpEF) [5]. However, the true
prevalence of aFMR is difficult to establish due to several differ-
ences across studies regarding patient selection, methods, defini-
tion of MR severity, and lack of longitudinal data [6]. The impact
of aFMR on life expectancy is reported as comparable to degen-
erative MR and ventricular functional MR (VEMR) [6, 7]. AFMR is
also related to increased risk for recurrent HF hospitalizations,
high surgical risk and increased mortality in patients with HF [8].
Mitral valve repair by surgical annuloplasty was the historically
recommended treatment, reporting low rates of reoperation,
mortality, and MR recurrence [9, 10]. Compared to VFMR, lower
mortality but higher risk of reoperation is reported [11]. Given its
high prevalence in the elderly, less invasive strategies may be
valuable alternatives to broaden the eligibility criteria for treat-
ment. Transcatheter approaches allow for a minimally invasive
valve repair, annuloplasty, or replacement and its use has rapidly
spread out in the last decades, in particular for the treatment of
vFMR or in patients at high surgical risk, reporting optimistic
results, lowering the in-hospital stay and the rate of complications
[12]. On the other hand, since preserving sinus rhythm (SR)
through aggressive AF treatment is known to be associated with a
lower degree of MR regurgitation and left atrial (LA) myopathy
[13], catheter ablation (CA) is currently the preferred strategy to
treat aFMR without directly intervening on the valve. Despite the
conspicuous number of potential treatments available, the man-
agement of aFMR is still uncertain, often underestimated and it
lacks a clear indication according to universal guidelines. In this
review, we provide a transversal update of the current evidence on
possible transcatheter intervention of aFMR and discuss about
future perspectives.

2 | Pathophysiology

Functional MR is characteristically not primarily caused by struc-
tural changes of the valve apparatus being the epiphenomenon of
either left ventricle (LV) or LA dysfunction leading, respectively, to
VFMR and aFMR. Functional MR is often a mix of vVFMR and
aFMR, particularly, in patients with HFrEF and dilated LV. VFMR
is linked to LV dilatation and dysfunction with subsequent papillary
muscle displacement leading to reduced mitral valve systolic closing
forces. On the contrary, aFMR alone is mostly described in patients
with hypertrophic, non-dilated LV and preserved ejection fraction
(EF), underlying its different etiology, mainly related to mitral
annular dilatation caused by chronically elevated LA pressure [14].
The etiopathogenetic mechanism through which AF and annular
dilatation causes significant MR without LV dysfunction has been
controversial for a long time. The advent of three-dimensional
echocardiography (3DE) has provided utmost insights on aFMR
due to its capability to explore overtime changes of the whole mitral
valve apparatus, including the interplay between LA and the mitral
annulus dynamics [15].

2.1 | Adverse Atrial Remodeling

Adverse atrial remodeling is defined as a detrimental change in
atrial structure or function that promotes atrial arrhythmias
[16]. The close interaction between atrial myopathy, AF, and

MR involves multiple determinants such as aging, inflamma-
tion, oxidative stress, fibrosis, fat infiltration, and both electrical
and autonomic remodeling [17], leading to a vicious circle that
includes atrial myopathy and an increased risk of sustained AF
and MR worsening [18]. AF and HFpEF are strictly associated
and share several risk factors such as hypertension, diabetes
mellitus, chronic kidney disease, and obesity [19]. Diastolic
dysfunction related to cardiac hypertrophy and rate-related left
ventricular incompetency are the main cause leading to ex-
acerbation of each other. Moreover, in patients with AF, diag-
nostic uncertainties may exist for the diagnosis of HFpEF due to
their interrelations influencing test results for echocardiography
and natriuretic peptides [20]. Anatomical and functional eva-
luation of the LA is useful to identify patients at higher risk of
incidental AF and ischemic stroke [21-23], as well as to predict
reverse remodeling after CA in patients with established AF [24,
25]. The increase of MR was positively related to LA size and
development of permanent AF over 65 + 10 months in a study
[26] and rhythm control strategy, either medically or by abla-
tion, led to lesser aFMR progression than the rate control one
[27]. Finally, improvement of right chambers parameters, as
well as tricuspid regurgitation with SR restoration, was reported
in several studies [28, 29], underlining once again their
involvement in the natural history of AF, as well as the current
underestimation of the role of the right chambers in the etio-
pathogenesis of aFMR [30].

2.2 | Annular Dysfunction

The mitral annulus is a fibrous structure central to the fibrous
skeleton of the heart with critical valvular physiologic functions.
Normally it has a dynamic shape folding along the inter-
commissural axis during the LV systole [31] that allows the mitral
valve to download stress of increased LV systolic pressure [32]. AF
primarily contributes to the loss of both the saddle-shaped dee-
pening of the mitral annulus and the reduction of the physiolog-
ical atrial annular contraction in late LV diastole, by up to 40% of
its potential, resulting subsequently in the loss of leaflet coaptation
until early systole [33]. Moreover, the progression of adverse LA
remodeling leads to a replacement of the contractile atrial myo-
cardium with interstitial fibrosis and an increased stress on the
mitral leaflets due to the increased tethering distance [34].
Recently, considerable attention has been given to atrial contrac-
tion capacity as a measure of atrial muscular cell health. Atrial
strain performed by speckle tracking echocardiography or cardiac
magnetic resonance is the newest method to evaluate LA con-
traction, demonstrating higher prognostic power compared to LA
volume alone in different cardiac diseases, such as HFrEF [35],
HFpEF [5], degenerative MR [36], and VFMR [37]. In aFMR, LA
strain has emerged as a robust predictor of outcome in terms of
death and HF hospitalizations, overcoming LV function and LA
volume [38].

2.3 | Atriogenic Leaflet Tethering and
Maladaptive Growth

aFMR can be considered a mix of the Carpentier Types 1
(normal leaflet motion) and 3b (restricted closure during
systole) [39]. The typical atriogenic leaflet tethering of aFMR
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is caused by the distortion of the posterior annulus secondary
to LA dilatation, as the anterior annulus is not modifiable,
being attached to the rigid mitro-aortic curtain [40]. More-
over, since the posterior annulus is located into a crest of the
LV inlet, LA wall expansion leads the posterior annulus to tilt
upward and outside the myocardium, resulting in asym-
metric tethering of the posterior leaflet. With the progression
of the LA enlargement and the dislocation of the posterior
leaflet against the crista of the LV free wall, the angle formed
by the intersection of the annular plane with the line that
connects the base of the posterior leaflet with the papillary
muscle increases, leading to an asymmetric, posteriorly
deviated jet of regurgitation. Despite LA dilatation secondary
to AF has always been considered the main cause of aFMR, it
is not clear why only some patients with moderate to severe
LA dilatation develop significative MR. Histopathological
studies demonstrated changes of leaflets structure in
response to several stresses, including strain and mitral
annulus folding [41]. This remodeling is mediated by several
cellular signaling factors such as the transforming growth
factor-f (TGF-f) family, which are capable of activating and
differentiating mitral pluripotent cells into fibroblasts and
mesenchymal cells [42]. Leaflets remodeling appears crucial
to gap the cooptation deficit caused by annular dilatation
[43], however, patients with aFMR are reported to typically
exhibit insufficient leaflet remodeling, characterized by a
smaller leaflet-to-closure area ratio compared to controls
[44]. This compensatory leaflet dilatation is reported to be
variable among individuals and studies exploring predictive
factors of leaflet remodeling are lacking. Kim et al. found that
an annulus area > 8 cm?/m? led to significant MR despite the
occurrence of leaflet remodeling while an area between 5 and
8 cm?/m® led to a variable MR degree based on the single
individual [45].

3 | Treatment of aFMR

aFMR is a consequence of several mechanisms encompassing
electroanatomic impairment of the left atrium, mitral annulus
enlargement and distortion, and mitral leaflets remodeling.
Therefore, different therapeutic approaches could be con-
sidered, depending on the leading cause of the MR. According
to current ESC and ACC/AHA guidelines, due to the lack of
large, prospective studies, aFMR is without a specific treatment
[46, 47]. Unlike vFMR, the medical management of aFMR is
limited due to the absence of effective drugs tested in ad-hoc
trials [48]. Major studies that explored the effects of renin-
angiotensin-aldosterone system-inhibitors (RAAS-I) and nepri-
lysin inhibitors (ARNI) on HFpEF patients such as the PRIME
trial and PARAMOUNT reported significant improvement in
LA size [49]. Nevertheless, changes in annular size were not
reported and most studies assessing ARNI did not differentiate
aFMR from ventricular vVFMR. In the PARAGON-HF, the
subgroup of patients deriving most benefit were women, pa-
tients with AF, and those with EF < 57%. This benefit may be
mediated by a reduction of MR severity, albeit not explicitly
assessed. In addition, RAAS-I, ARNI, and sodium-glucose co-
transporter 2-inhibitors (SGLT2-I) reported beneficial effects on
the degree of regurgitation in dedicated studies on VFMR
[49, 50].

3.1 | Surgical Approach

Cardiac surgery is the cornerstone of MV repair, in particular,
for degenerative MR. Nevertheless, little is known about the
treatment of aFMR and despite the lack of universal consensus,
ring annuloplasty remains the most common treatment [10, 51,
52]. Available studies showed significant results on MR recur-
rence at midterm [53, 54], even though the longest one (median
28 + 17 months of follow-up) reported MR recurrence in 20% of
patients [55]. In this study, adverse prognostic factors were
larger preoperative LV size and significant leaflet tethering.
Type I MR secondary to homogeneous LV dilatation is usually
characterized by a non/low grade of symmetrical leaflets te-
thering that does not compromise the annuloplasty [56].
Nevertheless, in cases of severely dilated LV, mitral annulo-
plasty alone may not be sufficient to achieve long-term dura-
bility. In this setting, other techniques such as leaflet
augmentation may be added to the annuloplasty [57]. Finally,
since AF and tricuspid regurgitation are common findings in
this population, both Maze procedure and tricuspid valve an-
nuloplasty are often associated to mitral annuloplasty, up to
50% of patients in recent series [10].

3.2 | Percutaneous Approach

The prevailing trend of an aging population, coupled with a
higher prevalence of comorbidities among individuals with
aFMR, along with the conflicting results of surgical treatment
has significantly driven the push for transcatheter treatments.
Transcatheter techniques target a specific part of the valvular
apparatus, therefore, a comprehensive preprocedural assess-
ment to identify the most effective intervention based on aFMR
characteristics is necessary. 3DE is the gold standard for both
preprocedural analysis of the MR and guiding transcatheter
procedure, providing detailed and real-time imaging of the
valve anatomy and MR characteristics [58].

3.21 | Edge-to-Edge Repair (TEER)

The current most used approach is the TEER by MitraClip
(Abbott Vascular) and PASCAL Mitral Valve Repair System
(Edwards Lifesciences), even in the absence of randomized
prospective trials. Indeed, available data have been extracted
from previous large-scale registries enrolling patients with dif-
ferent types of secondary MR. In the retrospective study
MITRA-TUNE, the MitraClip effectively reduced the degree of
MR in long term and lead to reverse remodeling of cardiac
chambers [59]. The main findings of this analysis were also: (i)
a high rate of safety and efficacy of the procedure, (ii) a high
rate of technical and procedural success, (iii) residual MR
independently associated with all-cause death and HF hospi-
talization, and (iv) reverse remodeling of LA and mitral annular
dimensions after TEER during follow-up, which might indicate
a durable reduction in residual MR over time. The analysis of
the multicenter Spanish MitraClip registry reported an acute
reduction in MR from 3/4+ to <2+ in 94% of patients, associ-
ated with improved NYHA functional class, which was evident
only in patients with functional MR compared to other
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etiologies [60]. Another subanalysis exploring 1-year all-cause
mortality and new readmissions due to HF after TEER showed
similar event rates among patients with primary MR, secondary
MR, and mixed MR [61]. Independent predictors included
NYHA class, previous surgical revascularization, EuroSCORE
11, diabetes mellitus, and LVEF. Accordingly, the subanalysis of
the European Registry of Transcatheter Repair for Secondary
Mitral Regurgitation, which included 126 patients with atrial
fibrillation and HF with preserved ejection fraction (HFpEF)
(7.8% of the whole cohort), reported significant improvement in
MR and NYHA class at follow-up [63]. In patients with aFMR,
the 2-year survival rate was 70.4%, showing no difference
compared to non-aFMR and vFMR groups. Strong adverse
independent predictors included NYHA Class IV and right
ventricular dysfunction. In the multicenter prospective obser-
vational study EXPAND, TEER significantly reduced MR, im-
proved functional status, and showed substantial safety from
major adverse cardiovascular events (MACE) over a 1l-year
follow-up [62]. More recently, a retrospective study by Tanaka
et al. [64] showed a reduction in death and HF hospitalization
in aFMR patients treated with TEER. More specifically, the
lower the MR, the lower the rate of the primary endpoint within
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1-year. Intriguingly, an increased residual mean pressure gra-
dient > 5 mmHg at discharge correlated with adverse outcome.
So far, only one meta-analysis has assessed the echocardio-
graphic and clinical outcomes between patients with aFMR and
vEFMR treated with TEER, reporting similar clinical outcomes at
both short- and long-term follow-up [65]. No differences re-
garding the rate of postprocedural MR grade>2, post-
procedural NYHA class < 2, or all-cause mortality were found
over the study period. Figure 1 shows a case of annular reverse
remodeling after MitraClip implantation in a patient affected by
severe aFMR. LA changes after TEER are currently largely
unknown and only two, small, retrospective studies with this
aim have been published so far. In the first, 25 patients un-
dergoing TEER improved LA reservoir and contraction strain as
well as 3D volume without changes in conventional parameters
over 1-year follow-up [66]. The second study reported reverse
remodeling of both left and right chambers after a median of
5.7 months in 24 patients [67]. Intriguingly, a higher degree in
right ventricular reverse remodeling was found in aFMR pa-
tients treated with TEER compared to patients with other
mechanisms of MR. This finding deserves confirmation in
future studies.

FIGURE 1 | TOE images of a 76-years male affected by severe aFMR due to LA severe dilatation (biplane volume of 85 mL/m?) and subsequent

dilatation of mitral valve annulus (annular area of 14 cm?, IC diameter of 45 mm, AP diameter of 36 mm). To be noted, leaflet degeneration is
frequently encountered in these setting, maybe due to older age and more leaflet stressing. The patient underwent TEER with the implantation of a
single MC XTR in central position. (a) IC view of mitral valve during preoperative assessment; (b) shows three-dimensional reconstruction of mitral
annulus by using Tomtec-Arena software to measure AP diameter; (c) IC view of mitral valve after implantation of one MC XTR in central position;
(d) shows the reconstructed mitral annulus after MC implantation. A significant reduction of AP diameter occurred. aFMR, atrial functional mitral
regurgitation; AP, anteroposterior; IC, intercommissural; MC, Mitraclip; MR, mitral regurgitation; TEER, transcatheter edge-to-edge repair, TOE,
transesophageal echocardiography. [Color figure can be viewed at wileyonlinelibrary.com]
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3.2.2 | Alternative Approaches

In case of anatomical unsuitability for TEER, direct annulo-
plasty by Cardioband Mitral System (Edwards Lifesciences),
Millipede IRIS Ring (Boston Scientific), and indirect annulo-
plasty by Carillon Mitral Contour System (Cardiac Dimensions)
may be valuable alternatives [68, 69]. Direct and indirect an-
nuloplasty are relatively novel techniques compared to TEER
with indications limited to specific cases and less clear effec-
tiveness in long-term reduction of MR [17]. Moreover, since the
concept of aFMR has only recently gained consideration and
interest, few studies have been conducted to evaluate per-
cutaneous annuloplasty in this specific scenario. Rottldnder
et al. demonstrated a reduction of both anteroposterior mitral
valve diameter (4.3 vs. 3.8 cm; p < 0.05) and effective regurgitant
orifice area in a small group of 15 patients with moderate/severe
aFMR [70]. Recently, a comparison between Carillon and Mi-
traClip showed similar reduction of NYHA class at 3- and
12-months in aFMR and whether TEER achieved a lower
average MR degree, Carillon obtained a more consistent reverse
remodeling of LA, leading to a significant reduction of LA
volume [71]. This finding is proof of the feasibility and safety of
these devices in HFpEF patients with aFMR but further pro-
spective studies are needed.

3.3 | Rhythm Control Strategy

According to the latest ESC guidelines on AF management, CA is
effective in maintaining SR in patients with paroxysmal and per-
sistent AF and it is recommended in symptomatic patients in case
of medical therapy failure or as first-line treatment [72]. These
recommendations are based on the results of multiple RCTs and
metanalysis demonstrating the superiority of AF ablation over
antiarrhythmic drugs in terms of freedom from recurrent
arrhythmia, improvement in symptoms, exercise capacity, and
quality of life [73, 74]. Although the severity of aFMR is commonly
mild to moderate, its presence adversely affects the long-term
prognosis in patients with AF [75, 76]. As AF is the first cause of
aFMR, maintaining SR can improve LA myopathy by contrasting
the dilatation of LA and mitral annulus area [14, 77].
Moreover, SR may also carries positive effects directly on the
mitral valve complex, including annular contraction and leaflet
surface area, contributing to the improvement of regurgitation
[79]. Gertz et al. retrospectively compared patients with moderate
to severe aFMR and preserved LVEF with a matched AF cohort
with trivial and/or mild MR undergoing first AF ablation. Suc-
cessful CA showed a significant reduction in the severity of MR
and LA size [14]. According to another study, CA reduced the
severity of both tricuspid and MR and induced 3DE anatomical
and functional reverse remodeling of cardiac chambers over 1 year
[27]. A case report showed reduction in severity of aFMR after CA
ablation [78]. In a study including patients with different MR
etiology, CA of paroxysmal AF led to greater improvement in the
severity of secondary MR compared to primary MR [80]. Fur-
thermore, patients with functional MR reported lower rate of
supraventricular arrhythmias, that was positively associated with
the severity of MR, the duration of AF, and LA dimension.
Although the relationship between AF and MR progression is
even a matter of debate, severe MR is a common cause of AF
ablation failure [77]. Therefore, early interventions to preserve SR

may lead to better outcomes in preventing the development of
aFMR. Recovery of LA electrical and structural functions has been
variably described following the resumption of SR [81, 82]. Pa-
tients with HF are known to have more advanced atrial re-
modeling and fibrosis, with a consequent increase in recurrent
arrhythmia and poorer prognosis [83]. SR is associated with im-
proved survival in HF but multiple interventions to restore SR may
be required [84]. Randomized controlled studies (RCT) of phar-
macological rate versus rhythm control strategies in AF and HF
have not demonstrated differences, maybe due to the limited
efficacy and toxicity of antiarrhythmic medications [85]. This
reason may explain why RCT on AF ablation in patients with HF
reported improved life expectancy, HF hospitalizations, and
functional status [86]. The CAMERA-MRI study explored struc-
tural changes of cardiac chambers after AF ablation in patients
with tachycardia-induced cardiomyopathy [87]. Compared to
medical rate control, AF ablation improved LV function and
reduced diffuse fibrosis. Moreover, after 1-year follow-up, signifi-
cant improvement in right atrium (RA) voltages and reduction of
complex atrial electrograms, particularly, in the posterior and
septal regions were found in 12 patients [88]. A retrospective study
enrolling patients with both aFMR and vFMR (the most part
affected by nonischemic cardiomyopathy) reported a lower rate of
atrial tachyarrhythmias in patients that improved MR after CA
[89]. Interestingly, reverse remodeling after CA encompassed also
the LV, while the time of AF, eGFR, and previous stroke were
associated with worse results of CA. In another study including
patients with both preserved and mildly reduced LVEF, MR
improvement after CA was comparable between the aFMR (64%)
and VFMR groups (52%, p = 0.20) [90]. MR improvement was also
related to a reduction in LA volume and mitral annular size in
aFMR group and improve in LVEF in vVFMR group. Positive
predictors were the absence of extensive LA low-voltage areas and
small LV diastolic diameter at baseline, respectively. Table 1
reports the main available studies on transcatheter treatment of
AF. Since 30%-50% of patients undergoing mitral valve surgery
have history of AF [91], concomitant mitral valve surgery and
surgical AF ablation by using the MAZE technique is commonly
employed and demonstrated safety and efficacy in AF prevention,
despite a slight greater risk of needing a permanent pacemaker
[92, 93]. In cases of advanced atrial remodeling characterized by
severely dilated LA, myocardial fibrosis, valvular AF, significant
MR and multiple failure of CA, bipolar ablation by thoracoscopic
approach has recently become a valuable option [94]. This hybrid
technique combines the advantages of a thoracoscopic surgical
ablation (direct visualization of anatomical structures and the
possibility to deliver epicardial lesions) and endocardial CA (check
line block, confirm pulmonary vein isolation, completing lesions
from endocardium or reaching areas not accessible by the surgical
ablation). No studies on the effect of hybrid AF ablation on aFMR
are available so far. Figure 2 illustrates main characteristics and
management of vFMR and aFMR.

4 | Future Perspectives
4.1 | Unclear Fields
The clinical impact of aFMR will escalate overtime and

worldwide due to the aging population, the ongoing obesity,
and the AF epidemic [95]. However, several aspects of the
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Results

secondary endpoints

primary endpoints

Aim of study

Strategy Year Type

(Continued)

TABLE 1
Study

restoration group (24%

0.005)

Atrial tachycardia

recurrence associated

vs 82%, p

Recurrence of MR and

Role of MR on long-
standing persistent AF

Prospective
cohort study

2014

AF ablation

Zhao et al. [75]

atrial tachycardia

with organic MR and

ablation

regurgitation severity

Reverse electrical and

Reverse atrial
remodeling at 2-year

Long term follow-up of a

2019 Subanalysis

AF ablation

Sugumar et al. [88]

structural atrial
remodeling associated

subgroup CAMERA MRI

follow-up

trial

with LV reverse

remodeling and

improved systolic

function

Abbreviations: AF, atrial fibrillation; aFMR, atrial functional mitral regurgitation; HF, heart failure; ILAV, indexed left atrial volume; KCCQ, Kansas City Cardiomyopathy Questionnaire; LA, left atrium; LV, Left ventricle; MACE, major
adverse cardiovascular events; MR, mitral regurgitation; MPG, mitral valve pressure gradient; MVA, mitral valve annulus; PSAP, pulmonary systolic artery pressure; RV, right ventricle; TEER, transcatheter edge-to-edge repair; TR,

tricuspidal regurgitation; VFMR, ventricular functional mitral regurgitation.

disease are still unclear and potentially suitable for study.
Gender differences are even more reported in the natural his-
tory of AF-related LA myopathy, characterized by faster and
more severe adverse remodeling in females [96]. Further studies
are needed to verify if this gender difference is applicable also
for aFMR. Moreover, the involvement of the right chambers, in
particular, the RA and the tricuspid valve, in the natural history
of aFMR deem further investigations, since they might be
involved in the risk of AF recurrence after CA.

4.2 | Transcatheter Approaches for Mitral Valve
Repair

In recent years, potential therapeutic options including medical
therapy, transcatheter mitral valve repair/replacement, or
transcatheter/hybrid AF ablation have emerged [97]. Despite
several limitations and small sample sizes of available studies,
promising results on medium-term effects of transcatheter
aFMR repair have been provided. Similarly to AF, the response
of aFMR to treatment seems to be time-dependent. For this
reason, it is crucial to develop an optimized, universally
accepted workflow encompassing early diagnosis and manage-
ment to prevent LA and annular remodeling. Successful
simultaneous direct mitral annuloplasty and TEER were re-
ported in a case report by Braun et al. The author also under-
lined the capability of the annuloplasty to facilitate clip
implantation by approximating the anterior and posterior mitral
leaflet [98]. So far, numerous concerns need to be considered in
patients with aFMR treated with transcatheter approaches,
including the inability to completely eliminate the regurgita-
tion, operator dependency, and lack of long-term durability
data. Transcatheter annuloplasty and mitral valve replacement
are also valuable alternatives but still not sufficiently investi-
gated for the treatment of aFMR.

4.3 | Atrial Fibrillation Treatment

So far, rhythm control of AF has been demonstrated to be
superior to rate control in preventing LA remodeling and MR
progression to an irreversible stage and should be the first
choice whenever applicable. Given the worldwide epidemic of
AF, the need to break down the waiting lists for AF ablation is
of paramount importance. Therefore, single-shot techniques
have been developed providing promising results in term of
effectiveness, procedure times, and rate of complications com-
pared to point-by-point CA. To date, radiofrequency (RF) and
cryoablation are the most used techniques and have demon-
strated similar results regarding the long-term efficacy and
safety [99]. Pulsed field ablation (PFA) is a novel single-shot
technique with similar efficacy profile to RF and cryoablation
but higher safety [100]. However, no comparisons among dif-
ferent energy sources have been performed to investigate their
potential effects on LA myopathy and aFMR. It is logical to
think that the most effective technology in aFMR prevention is
the one that keeps SR longer. In cases of persistent AF, pul-
monary vein isolation effectiveness is significantly reduced, and
further techniques to compartmentalize the LA (i.e., posterior
wall and LA appendage isolation) or functional mapping to
identify driver regions [101].
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Normal LV volume
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Mitral annulus dilatation IMAGING CHARACTERISTICS Mitral annulus dilatation
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Central/eccentric jet Flattened leaflets
Increased leaflets tenting Reduced leaflets tenting
HFrEF HEART FAILURE HFpEF
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FIGURE 2 | Comparison between vFMR and aFMR. [Color figure can be viewed at wileyonlinelibrary.com]

5 | Conclusions

AFMR diagnosis is increasing and is associated with worse outcome
of HF, persistency of AF, and reduced quality of life. A number of
potential treatments are currently available, encompassing medical
management, mitral valve repair, and AF prevention. This condi-
tion highlights that the interplay of different figures within the
cardiological team including cardiologists specialized in HF, inter-
ventional cardiologists, and cardiac surgeons is deemed necessary to
establish the best personalized approach for each patient.
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