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Abstract

Atrial functional mitral regurgitation (AFMR) is an increasingly recognized subtype of mitral regurgitation, characterized by left
atrial remodelling and mitral annular dilation in the absence of primary mitral valve disease or left ventricular dysfunction.
Closely linked to chronic atrial fibrillation and heart failure with preserved ejection fraction, AFMR is associated with poor
clinical outcomes and represents a growing therapeutic challenge. This expert opinion paper summarizes current evidence
on the epidemiology, pathophysiology, diagnosis and management strategies, including medical therapy and emerging data
supporting surgical and transcatheter interventions in selected patients. However, data from prospective controlled clinical tri-
als are still lacking. Future research is needed to refine patient selection, long-term outcomes and to support evidence-based
recommendations for this increasingly prevalent condition.
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Graphical Abstract

The graphical abstract summarizes the key features of AFMR in terms of epidemiology, pathophysiology, diagnosis, medical
therapy and rhythm control, surgical and transcatheter interventions, and future directions. Created in BioRender (https://

BioRender.com/3zj03ko).
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Introduction

Atrial functional mitral regurgitation (MR) (AFMR) has
emerged as a distinct clinical MR subtype characterized by
mitral valve (MV) insufficiency in the context of left atrial
(LA) remodelling, without primary MV disease or left ventric-
ular (LV) dysfunction.® Its pathophysiology is intrinsically
linked to atrial fibrillation (AF) and heart failure (HF) with pre-
served ejection fraction (HFpEF), two increasingly prevalent
conditions due to ageing of the population.? Despite recent
growing recognition, AFMR remains underdiagnosed and fre-
quently misclassified, due to a lack of standardized diagnostic
criteria and limited awareness.? Therapeutic strategies re-
main uncertain, given the complex pathophysiology and the
heterogeneity of affected patients. This expert opinion paper
aims to provide a comprehensive overview of current under-
standing of AFMR, including its epidemiology, pathophysiol-
ogy, diagnostic features and treatment options, ranging from
medical therapy and rhythm control strategies to surgical and

transcatheter interventions. Our aim is to offer a pragmatic
framework to guide clinicians in the management of this in-
creasingly relevant yet often overlooked condition.

Epidemiology

The epidemiology of AFMR mirrors broader trends in ageing
populations, atrial cardiomyopathy and AF. Precise epidemio-
logical characterization is challenging due to varying defini-
tions and a large number of studies addressing ‘any’ MR or
‘functional’ MR and not strictly focusing on AFMR. However,
reported prevalence of AFMR is anticipated to rise with ad-
vancements in imaging and refinement of its definition and
detection.

Most studies categorized AFMR within the functional MR
subtype, distinguishing it from ventricular functional MR
(VFMR) when LV ejection fraction (LVEF) exceeded 50%,
and there was no LV dilation.> In the Olmsted County com-
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munity, among 727 patients with isolated moderate/severe
MR, 65% had functional MR, of whom 59% had VFMR (i.e.,
linked to LV remodelling) and 41% had AFMR (i.e., due to iso-
lated atrial dilation).® In one of the largest cohorts of patients
with moderate/severe functional MR, including 14,004 adults
from the National Echocardiographic Database of Australia
(NEDA), AFMR and VFMR were classified based on LA and
LV size and LVEF and were found in 40% (n = 5562) and
60% (n = 8442) of included patients, respectively.®
Prevalence of AFMR is often reported in AF and HFpEF co-
horts, reflecting their common pathophysiology through as-
sociations with cardiac and non-cardiac comorbidities (e.g.,
diabetes mellitus); unfortunately, most are single-centre
studies. Similarly to patients with AF and HFpEF, those with
AFMR appear to be elderly and mostly females.®” In a large
cohort of AFMR patients, AF was documented in 37%, HFpEF
without AF in 24% and both entities in 39% of patients.® In a
seminal study by Gertz et al. coining the term ‘AFMR’, the au-
thors initially identified a 6.4% rate of at least moderate
AFMR in a population undergoing the first AF ablation.> AF
has been demonstrated to confer a three-fold risk for AFMR,
particularly in cases of long-standing AF.° In a large recent
single-centre study from Mayo Clinic, the reported incidence
rate of >mild AFMR was 0.7 per 100 person-years in patients
in sinus rhythm (SR) and 2.6 per 100 person-years in
new-onset AF.° Of note, incident AFMR was independently
associated with mortality in both patients with SR and
new-onset AF.'° In a study systematically assessing consecu-

tive patients who underwent transesophageal echocardiogra-
phy (TEE) for severe MR with preserved LVEF, 86% of patients
had degenerative MR and 14% had AFMR.? These patients
exhibited poorer survival and more HF hospitalizations
compared with those with primary MR and were less likely
to undergo surgical intervention.’

In a broad population of patients with LA dilation (i.e., LA
volume index >40 mL/m?), approximately 30% exhibited mild
AFMR, 6% moderate AFMR and 0.5% severe AFMR and inci-
dence rates of moderate and severe AFMR were 5.2 and
0.4 per 100-person years, respectively, in patients with mild
AFRM.* Notably, mild, moderate and severe AFMR were all
independently associated with mortality compared with no
AFMR, with an increase in risk of 39%, 47% and 57% among
patients with mild, moderate and severe AFMR, respectively.*
Other studies confirmed this poor prognosis of AFMR, dem-
onstrating a high risk of all-cause mortality, irrespective of
other confounding factors,” and likely similar to that of VFMR
(after accounting for LVEF)® or of any MR in HF.2*™4

Pathophysiology

AFMR is the outcome of LA remodelling, and it is most
commonly developed in patients with chronic AF and/or
HFpEF.>*® Mitral annular dilation has been traditionally con-
sidered the key mechanism of AFMR (Figure 1). More pre-

Figure 1 Schematic illustration of the pathophysiological mechanisms of AFMR. The figure depicts the anatomical and functional alterations leading to
AFMR: left atrial dilation, mitral annular enlargement, atriogenic leaflet tethering and impaired leaflet coaptation. AFMR, atrial functional mitral regur-

gitation; LA, left atrial; LV, left volume.
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cisely, the use of three-dimensional (3D) imaging techniques
facilitated the explanation of AFMR and the contributing
pathophysiologic factors, such as insufficient leaflet remodel-
ling and the so called ‘atriogenic leaflet tethering’.’*™’
Atriogenic leaflet tethering results from a combination of
both Carpentier Type 1 mechanism, which is mitral annular
enlargement, and Carpentier Type 3b mechanism, which is
posterior mitral leaflet restriction. The combination of these
two mechanisms results in AFMR. The term ‘atriogenic leaflet
tethering’ was suggested by Silbiger et al.*® and described the
displacement of the posterior mitral annulus towards the
outside of the LV myocardium causing (1) reduction of the
posterior leaflet area available for coaptation, (2) tethering
of the posterior mitral leaflet by increasing the
annulo-papillary muscle distance and (3) counterclockwise-
directed torque of the anterior annulus with a subsequent
tethering of the anterior mitral leaflet (Figure 1). This
pathophysiological mechanism of AFMR has been confirmed
in 3D echocardiographic studies'® that showed increased
annular-posterior leaflet tip angle, as result of the posterior
leaflet bending towards the LV cavity. The inward-bending
LV basal segments are also an important cause of the
hamstringing of the posterior leaflet that results in atriogenic
tethering.2%%*

The mitral annulus has a crucial role in the development of
AFMR.?? As a non-planar fibrous structure with saddle shape,
it follows a folding motion across its inter-commissural axis
during systole with saddle deepening. Mitral annular contrac-
tion begins in late diastole, up to mid-systole, and the overall
reduction in mitral annular area is approximately 25% in to-
tal. Silbiger and Bazaz*? suggested that the mitral annulus
narrows during late diastole because of contraction of the cir-
cumferential fibres (arising from Bachman’s bundle) that sur-
round the base (vestibule) of the left atrium (‘atriogenic’ an-
nular contraction), whereas in systole, annular narrowing is
facilitated by contraction of the superficial oblique fibres of
the LV inlet (‘ventriculogenic’ annular contraction). Besides
mitral annular dilation, abnormalities in mitral annular dy-
namics (i.e., mitral annular dysfunction) play a crucial role
in the pathophysiology of AFMR.**?32* Moreover, posterior
mitral leaflet may undergo significant geometrical changes
in AFMR, as highlighted by the hamstringing phenomenon
typically involving the posterior mitral leaflet. The distal posi-
tion of the posterior leaflet creates the impression that leaflet
height is being reduced. The important mechanism of trac-
tion is also exerted on the distal part of the posterior leaflet,
and it widens the angle between the leaflet itself and the mi-
tral annulus, the so-called posterior leaflet angle.*>™’

The progression of AFMR remains quite common and
interesting.* Although in early AFMR there is mild LA enlarge-
ment with minimal displacement of the posterior annulus on
the LV free wall and no obvious reduction of posterior mitral
leaflet height, in worsening AFMR with evidence of disease
progression, there is important widening of the posterior

leaflet angle, further impairing leaflet coaptation. Moreover,
when the LA size is large, elevated LV filling pressure during
systole creates paradoxical basal posterior wall motion,
further contributing to AFMR progression.?®

The role of left atrial dysfunction

In AFMR, mitral annular and LA dilation represent the patho-
physiological hallmarks. These abnormalities are strictly
linked to LA dysfunction, which may be primarily related to
LA structural, electrical and/or functional abnormalities (typ-
ically observed in patients with LA myopathy or AF) or may be
secondary to increased LA pressure that usually develops in
patients with LV diastolic dysfunction (typically observed in
HFpEF). When the left atrium dilates and LA pressure in-
creases, there is further gradual worsening of diastolic dys-
function and concomitant elevation of LV filling pressures.
This may create an afterload mismatch, where LA contractility
seems ‘preserved’, but does not compensate a high
afterload.>?>?® For this reason, LA function has been
directly related to the degree of LV diastolic dysfunction. In
HFpEF, LA myopathy and dysfunction are directly related to
AFMR because the presence of mild or moderate AFMR has
been associated with greater LA myopathy (i.e., worse LA re-
modelling and function), even in the absence of AF.?’

As already mentioned, alterations in mitral annular dynam-
ics also contribute to the development and progression of
AFMR.%232% Reduction of myocardial flow due to microvas-
cular dysfunction, an abnormality found in the majority of pa-
tients with HFpEF,?® can further decrease the mitral closing
forces due to subclinical myocardial tethering, with further
increase of any degree of MR. Another important mechanism
is the reduction of LA compliance due to increasing fibrosis
and worsening degree of AFMR. While impaired LV longitudi-
nal strain and LA strain have been significantly associated
with reduced mitral annulus dynamics, only impairment of
LV longitudinal strain was associated with the presence of
significant MR.?°

Diagnosis

The diagnosis of AFMR requires a multiparametric imaging
approach, primarily based on echocardiography, with adjunc-
tive use of cardiac computed tomography (CT) and cardiac
magnetic resonance (CMR) in selected cases. AFMR is charac-
terized by MR in the absence of organic MV disease and in
the context of preserved LV size and LV systolic function, with
the primary pathophysiologic drivers being LA remodelling
and mitral annular dilation, often associated with AF and/or
HFpEF.
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Echocardiographic diagnosis

Transthoracic echocardiography (TTE) remains the first-line
modality for diagnosing AFMR.Y”"*° Key features include: (1)
preserved LVEF (typically >50%) and preserved or mildly
reduced LV global longitudinal strain (16%-18%); (2) normal
or only mildly increased LV volumes; (3) structurally normal
mitral leaflets (absence of prolapse, flail, cleft or significant
calcification); (4) central MR jet origin, although eccentricity
may be present in asymmetric annular deformation
(atriogenic leaflet tethering); (5) significant LA enlargement
(indexed LA volume >48 mL/m? is common); (6) mitral annu-
lar dilation, often most pronounced in the antero-posterior
dimension, with an indexed annular diameter >21 mm/m?
or absolute diameter >35 mm; (7) mitral annular flattening
and loss of systolic contraction, best appreciated with 3D
echocardiography; (8) minimal leaflet tethering, with coapta-
tion occurring at or near the annular plane (coaptation height
<5 mm and tenting area <1.5 cm?).

3D echocardiography is strongly recommended to improve
the evaluation of mitral annular geometry and leaflet dynam-
ics. Specific 3D parameters such as leaflet-to-annular area ra-
tio <1.4 and reduced non-planarity angle (<130°) are indica-
tive of inadequate leaflet remodelling relative to annular
enlargement.>%3?

In contrast to VFMR, where MR severity often correlates
with LV dysfunction and remodelling, in AFMR the MR is dis-
proportionate to LV size and function and instead tracks
closely with LA and annular parameters. Therefore, careful at-
tention must be paid to annular dynamics, leaflet-to-annular
mismatch and atrial contractile function, particularly using
tissue Doppler or speckle tracking-derived LA strain. In this
context, the identification of atrial cardiomyopathy based
on structural, functional or electrophysiological LA changes
is clinically relevant.>*>** Abnormalities in either LA booster-
pump function, reservoir function and/or conduit function
may characterize LA myopathy, as well as LA dilation or other
morphological changes.??

Multimodality imaging

Cardiac CT provides high-resolution 3D reconstructions of the
mitral annulus, enabling precise measurement of annular
dimensions, shape (planarity) and dynamic changes across
the cardiac cycle.r’?* CT may be particularly useful in
pre-procedural planning for transcatheter therapies, allowing
for accurate assessment of mitral annular size, mitral annular
calcification, leaflet length and spatial relationships with sur-
rounding structures.>>® Similarly, CMR offers a comprehen-
sive evaluation of LA and LV structure and function and has
become an important tool for characterizing AFMR in se-
lected patients.’” CMR allows accurate quantification of LA
volumes and function and enables assessment of MR severity

using phase-contrast velocity mapping and regurgitant
volume calculations.?”-*® Additionally, CMR can detect atrial
and ventricular fibrosis via late gadolinium enhancement,
helping to differentiate AFMR from other MR aetiologies
and identify patients with atrial myopathy.*”

Management

Optimization of medical therapy for HF and rhythm control
strategies in patients with AF may contribute to mitigate
AFMR (graphical abstract and Figure 3). Current 2022 US
guidelines for the management of HF suggest that MV
surgery may be considered (Class llb recommendation) in
persistently symptomatic patients with AFMR, following
optimization of HF therapy and, when appropriate, rhythm
control for AF.3 In contrast, the latest European guidelines
on the management of HF and valvular heart disease do
not provide specific recommendations for the treatment of
AFMR.*®™*2 Mitral transcatheter edge-to-edge repair (M-
TEER) has also been studied in patients with AFMR as an al-
ternative to surgery, and other novel transcatheter strategies
are also under investigation in selected patients.

Medical therapy and rhythm control

Pharmacological strategies aimed at reducing LA pressure, re-
versing LA structural remodelling and preventing new-onset
AF may contribute to prevent the onset and progression of
AFMR. Although multiple studies have demonstrated that
guideline-directed medical therapy improves MR in patients
with HF,**** none of them specifically focused on AFMR.

Renin—angiotensin system inhibition

Angiotensin Il receptor blockers (ARBs) have been shown to
exert favourable effects on LA structure, with reductions in
LA volume and improvements in LA strain.”® These benefits
go beyond haemodynamic unloading, suggesting a role in
modulating the molecular pathways involved in atrial and
valvular remodelling. Experimental studies indicate that ARBs
may attenuate pro-fibrotic processes in MV tissue by reducing
myofibroblast activation and extracellular matrix deposition.*®
Supporting this, Kim et al. observed a narrower vena contracta
in patients with AFMR receiving ARBs compared with those
not treated, suggesting a mitigating effect on AFMR severity.*’
The Prospective comparison of ARNI with ARB on Manage-
ment of Heart Failure With Preserved Ejection Fraction (PARA-
MOUNT) trial*® compared sacubitril/valsartan with valsartan
in patients with HFpEF and demonstrated that angiotensin re-
ceptor—neprilysin inhibitor (ARNI) was associated with signifi-
cant reductions in LA size and LA volume after 36 weeks as
compared with valsartan.*® Patients with less baseline fibrosis
exhibited faster reverse remodelling, while those with more
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extensive fibrosis required longer exposure (6—9 months) for
meaningful benefit.** Moreover, in patients undergoing cath-
eter ablation for AF, sacubitril/valsartan also led to a signifi-
cant reduction in LA diameter and LA volume index
over 24 weeks as compared with valsartan, as well as to a
non-significant numerical decrease in the AF recurrence
rate.® The Sacubitril-Valsartan in Heart Failure with Pre-
served Ejection Fraction and Secondary Mitral Valve Regurgi-
tation (PRAISE-MR, NCT05991284) study, a multicentre,
prospective, randomized trial, is ongoing to evaluate whether
sacubitril-valsartan is beneficial in reducing MR severity in pa-
tients with HFpEF and AFMR.>*

SGLT2 inhibitors
Sodium-glucose cotransporter 2 (SGLT2) inhibitors, a corner-
stone in HFpEF management, also appear to influence LA re-
modelling. The Impact on Atrial Remodelling of Dapagliflozin
in Patients with Heart Failure (DAPA-MODA) trial®* showed
that treatment with dapagliflozin significantly reduces LA vol-
ume, irrespective of LVEF or diabetes status. A meta-analysis
confirmed the association between SGLT2 inhibitors and im-
proved LA volume index.**** Additionally, dapagliflozin was
linked to a lower incidence of AF and atrial flutter events in
high-risk patients with type 2 diabetes.>® Empagliflozin has
also been shown to reduce the risk of AF.>®

Although dapagliflozin recently demonstrated to reduce
MR severity among 104 patients with moderate or severe
functional MR enrolled in the Dapagliflozin Effect on
Functional Mitral Regurgitation and Myocardial Remodelling
(DEFORM) trial, no specific details on AFMR were reported.>”
In the Ertugliflozin for Functional Mitral Regurgitation
(EFFORT) trial enrolling 128 patients with HF, LVEF >35%
and <50%, and substantial functional MR (i.e., effective
regurgitant orifice area >0.1 cm?), ertugliflozin significantly
improved LV global longitudinal strain and LA remodelling,
and reduced MR severity as compared with placebo.’® Of
note, the mechanism of MR was VFMR in 80.5% and AFMR
in 19.5% enrolled patients, and the benefit of ertugliflozin
on the primary endpoint of change in effective regurgitant or-
ifice area was consistent in both VFMR and AFMR subgroups
(P-interaction = 0.827).%® Thus, the overall benefits of SGLT2
inhibitors on LA remodelling also seem to extend to a reduc-
tion in AFMR severity.

GLP-1 receptor agonists

Semaglutide, a glucagon-like peptide-1 (GLP-1) receptor ago-
nist, is one of the latest drugs showing efficacy in patients
with obesity-related HFpEF.>>®° In the Semaglutide Treat-
ment Effect in People with Obesity and HFpEF (STEP-HFpEF)
echocardiographic substudy,® semaglutide attenuated LA re-
modelling over 52 weeks, with a significant reduction in LA
volume (estimated mean difference —6.13 mL; P = 0.0013).
Furthermore, a meta-analysis showed that semaglutide re-
duced AF incidence by 30% compared with control therapies,

indicating a potentially favourable effect on atrial electrical
stability.®> However, whether GLP-1 receptor agonists may
prevent AFMR or mitigate AFMR severity and progression is
unknown and needs to be evaluated in dedicated studies.

Mineralocorticoid receptor antagonists

Mineralocorticoid receptor antagonists (MRAs), through their
antifibrotic actions on myocardial collagen turnover, have
been postulated to benefit LA structure and function. How-
ever, data from the Treatment of Preseverd Cardiac Function
Heart Failure with an Aldosterone Antagonist (TOPCAT) echo-
cardiographic substudy®® did not show a significant change in
LA dimensions with spironolactone in HFpEF. Despite this, a
pooled analysis of 20 randomized trials (n = 21 791) demon-
strated a consistent reduction in the risk of AF with MRAs
(risk reduction 0.76), including in patients without a prior
AF history.®* Recently, finerenone, a non-steroidal MRA,
showed benefits in patients with HFpEF.®> Pending echocar-
diographic analyses of the Finerenone Trial to Investigate Ef-
ficacy and Safety Superior to Placebo in Patients with Heart
Failure (FINEARTS-HF) trial, finerenone has been already
shown to reduce the incidence of new-onset AF in patients
with chronic kidney disease and type 2 diabetes.®® However,
whether MRA may specifically mitigate AFMR is still unknown
and should be tested in dedicated studies.

Role of rhythm control

Rhythm control for AF emerged as a promising therapeutic
strategy in AFMR, primarily through its potential to promote
LA and mitral annular reverse remodelling. By restoring SR,
rhythm control can improve both LA contractile function
and atrio-ventricular coupling, leading to reductions in LA vol-
ume, enhancements in LA strain, and subsequent decreases
in AFMR severity. These benefits have been consistently ob-
served following successful cardioversion or catheter
ablation.®”~° Recent data further confirm these findings also
with the new pulsed-field ablation technique, particularly
when extended beyond the pulmonary veins.”® The Efficacy
and Safety of Catheter Ablation in Patients With Severe Atrial
Functional Mitral Regurgitation and Persistent Atrial Fibrilla-
tion (ELEVATE-AF, NCT06883864) is an ongoing multicentre,
randomized trial to evaluate whether catheter ablation
would significantly improve the severity of MR in patients
with severe AFMR combined with persistent AF compared
with drug therapy alone.

Importantly, rhythm control appears most effective when
pursued early in the disease course, as the duration of AF is
inversely correlated with the likelihood of long-term SR
maintenance and, consequently, of AFMR prevention or
improvement.”? This observation supports the rationale for
early rhythm control, particularly in patients with HFpEF,
where the interplay between atrial myopathy, AF and AFMR
is particularly relevant. The ongoing Catheter-Based Ablation
of Atrial Fibrillation Compared With Conventional Treatment
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in Patients with Heart Failure with Preserved Ejection Frac-
tion (CABA-HFPEF-DZHK27) trial will assess the benefits of
early catheter ablation versus usual care in patients with AF
and HFpEF.”?

Surgical treatment

The treatment of ‘atriogenic’ MR was first advocated by
Alain Carpentier, who introduced the concept of mitral
annuloplasty for type | MR, emphasizing its role in patients
with annular dilation and preserved leaflet motion.””* Bakir
et al. reported excellent durability of surgical annuloplasty in
appropriate patients with AFMR (Figure 2). The long-term
durability was similar with complete ring and posterior band
annuloplasty techniques.”® Annuloplasty, however, should be
reserved for cases without significant leaflet tethering, as it
may exacerbate restriction and lead to early or late repair
failure. Surgery offers the added advantage of addressing
concomitant abnormalities in a single procedure: AF ablation,
LA appendage (LAA) closure and tricuspid valve repair, which
is frequently indicated in AFMR patients. In low-risk patients
with significant AFMR despite medical therapy and rhythm
control, especially when a minimally-invasive approach is
feasible, surgery may provide comprehensive and durable

outcomes. However, the existing surgical literature remains
limited and inconsistent, largely due to the heterogeneity in
defining AFMR across different series and the lack random-
ized controlled trials (Table I).

Surgical outcomes in AFMR

In 2012, Vohra et al. reported the outcomes of MV repair for
severe MR secondary to isolated AF.2° This study suggested
that surgical repair could be a viable option for this specific
condition, demonstrating medium-term safety and efficacy.
Subsequently, in 2015, Takahashi et al. retrospectively
studied 10 patients with chronic AF who had undergone
MV repair for AFMR with normal LV size and preserved LVEF,
showing that MV repair led to reductions in MR, LA size and
HF symptoms, thus suggesting that it could prevent future HF
events.®? These early reports have laid the groundwork for
recognizing AFMR as a distinct entity with potential benefits
from surgical treatment.

Subsequent studies provided additional information on
surgical outcomes in AFMR. A review of data from 2000 to
2020 on 123 AFMR patients undergoing MV repair found
increased mean pre-operative LA size and near-normal LV
end-diastolic size.”® The intervention demonstrated low rates
of MR recurrence and need for MV reoperation, with an
estimated 5 year survival of 74%.”® These findings suggest

Figure 2 MR grades over time after mitral valve repair with annuloplasty in patients with atrial functional mitral regurgitation. Prevalence of MR
grades over time after mitral valve repair for all patients. Solid lines represent unadjusted estimates of the temporal trend of postoperative MR
enclosed within 68% confidence bands: none (green), mild (blue) or moderate or greater (red). Symbols represent data grouped (without regard to
repeated measurements) within the time frame to provide a crude verification of model fit. Reproduced from Bakir et al.”> MR, mitral regurgitation.
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Table 1 Summary of selected surgical studies in patients with AFMR.

Author N. pts Inclusion criteria Maze, n (%) LAAO,n (%) TA, n (%) Outcomes
Bakir’” 194 e Only MVr 152 (88) 21 (12) 124 (64) » Freedom from 2 + MR: 89% at
e History of AF 10 years
e LVEF >45% e Estimated 1, 5 and 10 year survival
e No mitral annular rates with complete ring
calcification annuloplasty: 97%, 87%, and 63%
e Estimated 1, 5 and 10 year survival
rates with posterior band: 97%, 85%,
and 68%
Wagner’® 123 e Only MVr 74 (61) 74 (61) 62 (50) s At 569 (IQR, 75-1782) days after
e LVEF>50% surgery 72% of patients had trivial/
e Normal mitral valve leaflets no MR and 22% had mild MR
e Estimated 5 year survival of
74% + 10%
Song77 35 e MVr or replacement with 35 (100) 13 (37) 23 (66) e Freedom from 2 + MR at 60 months:
Maze procedure more than 75%
e Normal LV size e Freedom from cerebral infarction/HF
e LVEF >50% hospitalization/cardiac mortality at 1,
e LA dilation 3 and 5 years: 89%, 82% and 68%
e Mitral annular dilation with
normal leaflets
Tomsic’® 89 e MVr or replacement 55 (62) 66 (74) 75 (84) e Estimated freedom from recurrent
e History of AF regurgitation rates (>2+) at 5 and
e No prior surgery 10 years: 83% and 57%
e Normal MV leaflets e Estimated 5 and 10 year event-free
survival rates: 80% and 48%
e Estimated 5 and 10 year overall
survival rates: 81% and 59%
Ye’® 247 e MVr with Maze procedure 247 (100) / 142 (58%) e Estimated freedom from 3 + MR at
e Long-standing AF 5 year: 87%
e No prior surgery e 5 year overall survival rates: 95%
e Normal LV size
e Normal MV leaflets
Vohra®® 20 o MVr 7 (35) 12 (60) 12 (60) e At discharge, 10% of patients had
e History of AF prior of MR mild MR and 90% of patients no MR
detection e No deaths during a mean period of
e Normal MV leaflets 18.0 + 12.5 months
Takahashi®' 10 e MVr 2 (20) 10 (100) 10 (100) e 30-day mortality rate: 0%
e Long-standing AF ¢ No HF hospitalization during
e Chronic HF with LVEF >56% follow-up (10-52 months; median,
and prior HF hospitalization 654 days)
e Normal MV leaflets
e Normal LV size
e No regional LV wall
abnormalities
Kagiyama®* 113 o Chronic HF with LVEF >50% 21 (18) 88 (78) 89 (79) ¢ 91% of patients had no/mild MR
e LA dilation during the median follow-up of
e Normal MV leaflets 1050 days (IQR 741-1188 days)
e 3 year event rates: 18%
e Unadjusted HR for HF
hospitalization/all-cause: 0.62, 95%
Cl 0.42-0.91; P = 0.01; adjusted HR
0.43, 95% Cl 0.29-0.64; P < 0.001;
adjusted HR by EuroSCORE Il 0.5,
95% ClI 0.37-0.80; P = 0.002
Rudolph83 18 e LVEF >40% / / / e No patients had post-procedural

Normal LV size

LA dilation

No regional LV wall
abnormalities

MR > 3+

1 year composite of all-cause death,
HF hospitalization, MV
reintervention, implantation of LV
assist device, or stroke: 29%

(Continues)
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Table 1 (continued)

Author N. pts Inclusion criteria Maze, n (%)

LAAO, n (%) TA, n (%) Outcomes

Fan®* 60 MVr with maze procedure 60 (100)
Long-standing AF
Chronic HF with LVEF > 50%

Normal MV leaflets

60 (100) 46 (77) e Moderate—severe MR occurred in
18% during a follow-up of
7.98 + 2.01 years
e Overall survival rates at 1 year and
5 year: 100% and 97%
¢ Freedom from HF hospitalization at 1

and 5 years: 100% and 93%

Note: This table summarizes the inclusion criteria, number of patients treated, the use of concomitant maze procedure, left atrial append-
age occlusion and tricuspid annuloplasty and outcomes in key surgical series on AFMR. Diagnostic criteria varied considerably across stud-
ies, underscoring the need for standardized definitions. The heterogeneity in additional procedures reflects the individualized surgical

strategies often required in this patient population.

Abbreviations: AF, atrial fibrillation; AFMR, atrial functional mitral regurgitation; Cl, confidence interval; EF, ejection fraction; HF, heart
failure; HR, hazard ratio; IQR, interquartile range; LA, left atrial; LAAO, left atrial appendage occlusion; LV, left ventricular; LVEF, left ven-
tricular ejection fraction; MR, mitral regurgitation; MV, mitral valve; MVr, mitral valve repair; TA, tricuspid annuloplasty.

that MV repair in AFMR may lead to favourable long-term
outcomes. Similarly, a Japanese retrospective study on 1007
patients with AFMR enrolled in the REVEAL-AFMR registry,
of whom 113 underwent MV surgery, highlighted that sur-
gery was associated with lower rates of hospitalization for
HF and all-cause mortality during follow-up, despite surgical
patients presented with more severe disease and more
advanced cardiac remodelling.®? Song et al. compared the
outcomes of MV surgery for AFMR with those for degenera-
tive MR, finding that the short- and long-term outcomes for
AFMR were acceptable, although with significantly more
readmissions for HF and cardiac death than in the degenera-
tive MR group.®® Moreover, as already mentioned, Bakir et al.
recently reported excellent long-term durability of surgical
annuloplasty in appropriate patients with AFMR.2® Notably,
a recent post-hoc analysis of the Transcatheter Versus Surgi-
cal Mitral Valve Repair in Patients with Heart Failure and Sec-
ondary Mitral Regurgitation (MATTERHORN) trial compared
MV surgery with M-TEER, that has emerged as a less invasive
alternative for functional MR, in patients with both AFMR
and VFMR.® Despite the low number of patients in the AFMR
group, M-TEER was associated with lower 30 day primary
safety endpoint than surgery in both AFMR and VFMR, with-
out meaningful differences in residual MR, symptomatic im-
provement or 1 year primary efficacy endpoint.®® However,
the results on AFMR were hypothesis-generating only due
to the small sample size.

Concurrent surgical ablation of AF and LAA closure

Concomitant surgical ablation of AF, such as the maze proce-
dure, is relevant in patients undergoing MV surgery for AFMR
who also have AF. Fan et al. compared MV repair with
concomitant Maze procedure versus catheter ablation in
the treatment of AFMR, showing that the combined surgical
procedure led to greater improvement in MR and tricuspid
regurgitation (TR), lower incidence of HF and AF during fol-
low-up, and lower recurrence rates of MR and moderate-to-
severe TR.2% Ye et al. investigated the outcomes of mitral re-

pair combined with the Cox-maze procedure for AFMR in HF
patients with improved LVEF, finding low rates of operative
mortality and symptomatic improvements.”® Another study
compared MV repair combined with the maze procedure ver-
sus catheter ablation in patients with severe AFMR due to
long-standing persistent AF, showing lower rates of AF recur-
rence and readmission for HF in the surgical group, although
the difference in long-term survival was not significant after
weighting with propensity score.®” However, Song et al. ob-
served that concomitant maze procedure in patients under-
going MV surgery for AFMR was associated with a
non-negligible risk of permanent pacemaker implantation
during long-term follow-up.””

Closure of the LAA during cardiac surgery has been pro-
posed as a strategy to prevent ischemic stroke in patients
with AF. The Left Atrial Appendage Occlusion Study (LAAOS
Ill) trial demonstrated that concomitant surgical occlusion
of the LAA during cardiac surgery reduced the risk of ischemic
stroke or systemic embolism in patients with AF.2 Although
not specifically targeted at AFMR, these findings suggest that
LAA closure can be advised in patients with AFMR and AF
undergoing MV surgery. In the REVEAL-AFMR registry, LAA
closure or resection was performed in 78% of patients who
underwent surgery for AFMR.2? Of note, surgery offers the
option for the one-stop-shop approach to such patients with
AFMR and AF who may undergo concomitant MV repair, AF
ablation and LAA closure.

LAA closure may, however, increase the risk of HF through
reduction in LA compliance and reservoir function. In one
series, LAA closure was associated with an increased risk of
HF events with higher E/e’, higher LV mass index, history of
HF and lower LA strain as independent predictors of HF
hospitalizations.®® However, an analysis of the Left Atrial
Appendage Occlusion Study (LAOS) Il randomized trial did
not show any significant increase in the rate of HF hospitali-
zations or HF death in the patients randomized to surgical
LAA occlusion compared with the control group with consis-
tent results in all the subgroups analysed.*®
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Figure 3 Management of AFMR. After the diagnosis of AFMR and concomitant HFpEF and/or AF, management involves optimization of medical ther-
apy (i.e., GDMT for HFpEF) and rhythm control strategies for AF (including catheter ablation). In case of persistent symptomatic 3+/4+ AFMR despite
optimal therapy and AF management, surgical or percutaneous mitral valve repair may be considered, taking into account the patient’s risk profile,
comorbidities, need for concomitant procedures and anatomical feasibility. Created in BioRender (https://BioRender.com/9ej8lyx). AF, atrial fibrilla-
tion; AFMR, atrial functional mitral regurgitation; CAD, coronary artery disease; GDMT, guideline-directed medical therapy; HFpEF, heart failure with
preserved ejection fraction; LA, left atrial; LAA, left atrial appendage; LV, left ventricular; MR, mitral regurgitation; VHD, valvular heart disease.
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Transcatheter treatments

The transcatheter management of AFMR is an emerging and
increasingly relevant therapeutic option. With a growing
number of patients who are elderly, frail or otherwise at high
surgical risk, percutaneous interventions represent a compel-
ling alternative to surgery. While most current evidence
derives from extrapolation of data in VFMR, accumulating
observational data suggest that transcatheter strategies may
also be safe and effective in carefully selected AFMR patients
(Table 2).

Patient selection and anatomical considerations

Patient selection is of paramount importance in the context
of M-TEER for AFMR. Unlike VFMR, which often involves leaf-
let tethering due to LV dilation, AFMR is primarily driven by
annular dilation and atrial remodelling in the setting of
preserved LVEF. This pathophysiological substrate requires a
tailored anatomical assessment. In a recent study evaluating
1047 consecutive patients undergoing M-TEER, two AFMR
subtypes were identified, one with isolated mitral annulus di-
lation (i.e., Carpentier 1) and the other with atriogenic
hamstringing characterized by restricted posterior leaflet mo-
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Table 2 Summary of selected percutaneous studies in patients with AFMR.

Author N. pts Inclusion criteria Device Outcomes
Rudolph83 18 e LVEF >40% MitraClip No patients had post-procedural MR > 3+
e Normal LV size 1 year composite of all-cause death, HF
e LA dilation hospitalization, MV reintervention, implantation
¢ No regional LV wall abnormalities of LV assist device, or stroke: 21%
Yoon®? 116 e No/mild LV remodelling MitraClip More than moderate residual MR at discharge
¢ Moderate/severe LA dilation and at 1 year: 3% and 4%
2 year event rates: 22%
Claeys” 52 e LVEF >50% MitraClip MR < 2+ at 6 months: 94%
e LA dilation Numbers of HF hospitalizations decreased by 95%
1 year mortality: 10%
Benito-Gonzalez™ 48 ¢ Normal MV leaflets MitraClip Immediate MR < 2+ reduction: 94%
e History of AF 1 year rate of survival without admission for HF:
e LVEF >50% 75%
e No segmental abnormalities
Popolo Rubbio®® 87 e History of AF MitraClip MR < 2+ was encountered in 89% during a
e Absence of structural leaflets median follow-up period of 455 (IQR 234-1013)
abnormalities days
e HF with preserved LVEF Estimated 2 year freedom from all-cause death
and cardiac death: 60% and 77%
Estimated 2 year freedom from HF
hospitalizations: 77%
Yoshida®® 40 o LVEF >50% MitraClip Residual MR > 3/4+ at 12 months of follow-up:
e No LV wall motion abnormality 16%
e Normal LV dimension Estimated rate of cardiovascular complications at
e Permanent AF 12 months of follow-up: 20%
Doldi®’ 126 e LVEF >50% MitraClip MR < 2+ and <1+ at the end of the procedure:
e No regional wall motion 87%, and 62%
abnormalities Estimated overall 2 year survival rate: 70%
e Carpentier type | leaflet motion
e Dilated LA
Sodhi®® 53 e LVEF >45% MitraClip At 1 year, MR < 1+ in 94% of patients and MR < 2
¢ No regional wall motion +in 100%
abnormalities At 1 year, all-cause mortality was 14.1%
¢ No structural evidence of MV At 1 year, HF hospitalization occurred in 18.1%
morphologic abnormalities,
e History of AF
e Evidence of LA dilation or mitral
annular enlargement
Tanaka®® 118 ¢ Normal mitral leaflets MitraClip At 1 year, MR < 1+ in 69% of patients and MR <2
e LVEF >50% +1in 96%
e Absence of LV enlargement and
segmental abnormality.
Masiero'® 71 e LVEF >50%, MitraClip Post-procedural MR < 1+ in 68% of patients and
e Normal LV dimension MR < 2+ in 95%
e LA dilation or history of AF 1 and 3 year rates of cardiac death or HF
hospitalization: 11% and 20%
Von Stein'®’ 166 e LA dilation Pascal At discharge, MR reduction to <2+ was achieved
e LVEF >50% in 99%
e Normal LV size 1 year survival: >75%
¢ Normal mitral valve leaflet motion

Note: This table summarizes the inclusion criteria, number of patients treated, the type of device and outcomes in key percutaneous series
on AFMR. Diagnostic criteria varied considerably across studies, underscoring the need for standardized definitions.

Abbreviations: AF, atrial fibrillation; AFMR, atrial functional mitral regurgitation; HF, heart failure; LA, left atrial; LV, left ventricular; LVEF,
left ventricular ejection fraction; IQR, interquartile range; MR, mitral regurgitation; MV, mitral valve.
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tion (i.e., Carpentier Illb), and the latter represented a worse
anatomy for M-TEER with worse procedural and clinical
outcomes.”*

Therefore, adequate pre-procedural echocardiographic
screening is essential. Key anatomical predictors of M-TEER
success in AFMR include: a large mitral annulus with pre-
served leaflet mobility, adequate leaflet length for grasping
and coaptation and minimal or absent ventricular tethering.
The presence of atriogenic leaflet tethering, characterized
by posterior annular displacement and relative reduction in
posterior leaflet height, may compromise M-TEER efficacy de-
spite the absence of overt LV dilation.

M-TEER outcomes in AFMR
M-TEER, commonly performed with the MitraClip system
(Abbott, Santa Clara, CA, USA) or the PASCAL device
(Edwards Lifesciences, Irvine, CA, USA), is currently the most
widely available and extensively used transcatheter treat-
ment for AFMR. Although major randomized trials included
only patients with low LVEF, thus excluding most of the
patients with predominant atriogenic MR, increasing evi-
dence from registries and post-hoc analyses supports the
feasibility and potential benefit of M-TEER in the AFMR
Setting.83’92_102

The retrospective MITRA-TUNE registry demonstrated that
M-TEER with MitraClip was safe and effective in achieving du-
rable MR reduction in patients with AFMR, leading to positive
LA and mitral annular reverse remodelling.’® Importantly, re-
sidual MR > 2+ was independently associated with increased
risk of all-cause mortality and HF hospitalization,®® as also
demonstrated by other studies.?®*°%%? Similar findings were
observed in the Spanish MitraClip registry, where procedural
success rate of M-TEER in AFMR was 91.7%, with MR reduc-
tion that was maintained at 1 year, and with parallel improve-
ment in symptoms.®* The EuroSMR registry also reported
sustained improvement in MR severity and New York Heart
Association (NYHA) class in AFMR patients undergoing M-
TEER.®” In the multicentre prospective EXPAND study,
M-TEER for AFMR was associated with significant MR
reduction, improved quality of life and functional status and
outcomes comparable with those of VFMR patients.”®
Likewise, the REPAIR registry showed a high rate of proce-
dural success of M-TEER with the Pascal device, with similar
achievement of MR < 1+, symptoms improvement and 1 year
survival in both AFMR and VFMR patients.’® Notably,
baseline > moderate TR was linked to worse outcomes,
emphasizing the importance of comprehensive right-sided
assessment and potentially combined treatment.°* To date,
one meta-analysis has directly compared echocardiographic
and clinical outcomes of M-TEER in patients with AFMR
versus VFMR, showing no significant differences in either
short- or long-term follow-up, thereby reinforcing the appli-
cability of M-TEER across different functional MR
phenotypes.'®

Of note, in a recent propensity score-based comparison
from the OCEAN-Mitral and REVEAL-AFMR registries,
M-TEER was associated with lower mortality or HF hospitali-
zation compared with medical treatment alone, but this
benefit was pronounced in patient with residual < mild AFMR
and not clear in those with residual > moderate AFMR after
M-TEER.2°?> As already mentioned, a sub-analysis of the
MATTERHORN trial specifically evaluated patients with AFMR
undergoing M-TEER versus surgery, confirming the
non-inferiority of M-TEER in terms of all-cause death, HF
hospitalization, stroke, MV reintervention or assist device
implantation at 1 year (primary efficacy endpoint) and dem-
onstrating a more favourable safety profile of M-TEER as
compared with surgery.®® However, due to the small number
of AFMR patients included, these results remain exploratory
and highlight the need for further dedicated prospective tri-
als specifically targeting this population. Therefore, according
to currently available data, M-TEER seems a safe and effec-
tive therapeutic option in patients with AFMR, particularly
when a substantial reduction in MR is achieved and if the
patient is not an ideal surgical candidate. Assessment of
Transcatheter Edge-to-Edge Repair in Atrial Functional Mitral
Regurgitation (ATRIAL-MR, NCT06911099) is a multicentre,
international, retrospective registry currently ongoing to
investigate outcomes of patients with AFMR treated with
M-TEER. Future studies are hugely needed to refine patient
selection (introducing, for instance, MR proportionally con-
cept also in AFMR patients)'® and procedural strategies
and to maximize long-term benefit of M-TEER in patients with
AFMR.

Alternative transcatheter treatments
In patients who are anatomically unsuitable for M-TEER, al-
ternative transcatheter options are available, albeit currently
reserved for selected cases. Among these, direct and indirect
annuloplasty represents a promising tool aimed primarily at
reducing annular dimensions and thus also restoring leaflet
coaptation.'®® Clinical experience with these novel interven-
tions is, however, much more limited than M-TEER, especially
in the setting of AFMR. Preliminary retrospective experience
has demonstrated the safety and feasibility of transcatheter
indirect MV annuloplasty with the Carillon device in AFMR,
with a significant reduction in antero-posterior mitral annular
diameter and effective regurgitant orifice area, and similar
improvements in NYHA functional class during follow-up as
compared with M-TEER.'®® Although M-TEER achieved a
lower residual MR grade, Carillon therapy was associated
with a more consistent LA reverse remodelling.'® Other
novel transcatheter annuloplasty devices are under develop-
ment and need to be tested in proper prospective studies
among patients with AFMR.*®”

Transcatheter MV replacement (TMVR) represents another
promising strategy that may overcome several limitations of
M-TEER, particularly in cases with complex leaflet anatomy,
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extensive annular dilation or previous failed repair.}9%*2

However, challenges remain, including the risk of LV outflow
tract obstruction, the need for precise prosthesis anchoring
in a non-calcified annulus and patient selection based on an-
atomical constraints. These challenges may be even more
critical in patients with AFMR, who typically have LA dilation
with small left ventricles, thus potentially requiring specific
novel TMVR solutions.**® Although TMVR seems promising
in selected patients with AFMR, who are deemed unsuitable
for both surgery and M-TEER, future dedicated studies are
warranted to define the safety, efficacy and durability of
TMVR in the specific AFMR setting.

Gaps in evidence and future directions

Variable definitions of AFMR have been proposed and ap-
plied in the latest years,** thus creating a huge heterogene-
ity in terms of identification and treatment of this specific en-
tity. The use of a uniform, standardized definition of AFMR,
hopefully endorsed by the next international guidelines,
might help in identifying and managing these patients. The
vast majority of patients currently referred for transcatheter
treatment of MR are treated with M-TEER rather than other
transcatheter interventions.'**'*>717 However, M-TEER still
has certain limitations such as the paucity of data on
long-term durability, potential suboptimal results in terms
of residual MR in specific settings, cost-effectiveness*®* and
lack of suitability in challenging anatomies. In this context,
some patients with AFMR might benefit most from alterna-
tive options, such as transcatheter annuloplasty or TMVR,
but these strategies are still largely in the investigational
phase with ongoing clinical trials.2°>**® Further technological
advances with device iterations or novel, ideally transseptal,
devices and future dedicated studies are needed to explore
a more personalized approach to offer proper transcatheter
options to patients with AFMR. Specific solutions may be par-
ticularly useful to overcome typical challenges in this setting,
such as the risk of LV outflow tract obstruction in the pres-
ence of small left ventricles.**?

Multimodality imaging might help personalizing treat-
ment options for AFMR such as fusion imaging, as well as
the refinement of each imaging technique with advances
in 3D echocardiography, TEE and cardiac CT.* Artificial
intelligence-based analytics may further help in selecting ap-
propriate patients and predicting procedural success,**912°
as well as novel approaches such as robotic TEE.** While
the MATTERHORN trial*®> was the first study comparing
surgery versus M-TEER in patients with functional MR, the
sub-study on AFMR included a very small number of
patients.®® Thus, further randomized evidence specifically

evaluating the different treatment options in the setting of
AFMR is hugely needed, to refine the management of this
MR subtype and properly identify those patients who may
respond to medical therapy and/or rhythm control and
those who need to be referred for surgery or transcatheter
MV interventions.

Conclusions

AFMR is an increasingly recognized but still underappreciated
clinical condition, with distinct pathophysiological mecha-
nisms and treatment challenges. The evolution of imaging
modalities, medical therapies and interventional techniques
offers new opportunities for improved diagnosis and person-
alized care. However, many uncertainties remain, particularly
in patient selection for specific treatments and long-term out-
comes. Multi-disciplinary assessment, rigorous clinical trials
and updated international guidelines will be essential to opti-
mize the management of this complex condition and improve
patient outcomes.
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