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Abstract

Background and Objectives: Atrial secondary mitral regurgitation (A-SMR), also referred to as atrial
functional mitral regurgitation, has emerged as a distinct clinical phenotype characterized by left
atrial enlargement, mitral annular dilatation, and preserved left ventricular geometry and systolic
function [1]. Frequently associated with long-standing atrial fibrillation and heart failure with
preserved ejection fraction, A-SMR challenges the traditional ventricular-centered classification of
functional mitral regurgitation and is increasingly recognized as a clinically relevant condition [2,3].
Materials and Methods: This narrative review provides an updated and critical overview of current
evidence on atrial secondary mitral regurgitation. We summarize available data on pathophysiology,
diagnostic imaging, natural history, and therapeutic strategies, with particular emphasis on
implications for cardiac surgery and clinical decision-making. Evidence was derived from
observational studies, registry analyses, interventional reports, and contemporary guideline
documents [4,5]. Results: A-SMR is primarily driven by atrial remodeling and annular dilatation,
with minimal contribution from ventricular distortion or leaflet tethering [1,3]. Echocardiography
and Magnetic Resonance Imaging (MRI) play a central role in diagnosis and phenotypic
characterization, allowing differentiation from ventricular functional mitral regurgitation and
identification of distinct A-SMR subtypes with potential therapeutic implications [4]. A-SMR is a
progressive condition associated with worsening symptoms and adverse clinical outcomes [2,3].
Rhythm control strategies may reduce mitral regurgitation severity in selected patients by promoting
atrial reverse remodeling [6]. Transcatheter edge-to-edge repair (TEER) represents a treatment option
for selected high-risk patients, although concerns regarding long-term durability remain in this
predominantly annular disease [7]. From a pathophysiological standpoint, surgical mitral valve
repair based on annuloplasty directly targets the dominant mechanism of A-SMR and has been
associated with favorable outcomes in appropriately selected patients [8]. Conclusions: Atrial
secondary mitral regurgitation is a distinct and increasingly recognized form of functional mitral
regurgitation requiring a mechanism-oriented diagnostic and therapeutic approach. 2025
ESC/EACTS Guidelines for the management of valvular heart disease have acknowledged A-SMR as
a specific clinical phenotype, although dedicated phenotype-specific management recommendations
remain limited [5]. Surgical mitral valve repair, particularly when combined with atrial fibrillation
ablation, represents a rational treatment strategy in selected patients and may improve long-term
outcomes [6,8].

Keywords: atrial secondary mitral regurgitation; atrial functional mitral regurgitation; mitral
annuloplasty; mitral valve repair; atrial fibrillation; left atrial remodeling; echocardiography; cardiac
magnetic resonance; transcatheter edge-to-edge repair; heart failure with preserved ejection fraction;
surgical ablation
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1. Introduction

Functional mitral regurgitation (MR) has traditionally been regarded as a consequence of left
ventricular remodeling and systolic dysfunction. In this classical framework, mitral valve
incompetence develops secondary to ventricular dilatation, papillary muscle displacement, and
leaflet tethering, while the valve leaflets themselves remain structurally normal [9]. This ventricular-
centered paradigm has long guided both diagnostic classification and therapeutic strategies in
patients with secondary MR.

In recent years, however, growing clinical and echocardiographic evidence has challenged this
concept by identifying a distinct form of functional MR occurring in the presence of preserved left
ventricular size and systolic function. In this setting, mitral regurgitation is primarily driven by left
atrial enlargement and mitral annular dilatation rather than by ventricular distortion [10]. This entity,
commonly referred to as atrial secondary mitral regurgitation (A-SMR) or atrial functional mitral
regurgitation, represents a paradigm shift in the understanding of functional mitral valve disease and
differs from the ventricular functional mitral regurgitation (V-SMR).

A-SMR is most frequently observed in patients with long-standing atrial fibrillation and in those
with heart failure with preserved ejection fraction. These conditions are characterized by chronically
elevated left atrial pressure and volume, which promote progressive atrial remodeling and annular
enlargement over time [11]. As atrial size increases, leaflet coaptation becomes insufficient despite
the absence of primary leaflet pathology, leading to clinically significant mitral regurgitation.

From an epidemiological standpoint, large observational studies and population-based datasets
have shown that A-SMR is not an uncommon condition, particularly in elderly patients and in those
with atrial fibrillation [12]. In a large unselected cohort, Chen et al. showed that although atrial
functional MR accounted for approximately 39% of cases and purely ventricular functional MR for
about 14%, nearly 60% of patients exhibited a significant ventricular contribution to mitral
regurgitation when combined atrial-ventricular (dual) phenotypes were considered [3]. The dual
functional mitral regurgitation phenotype refers to a mixed form of functional MR in which atrial-
driven mechanisms (left atrial enlargement and annular dilatation) coexist with ventricular-driven
mechanisms (left ventricular remodeling and leaflet tethering) [3]. This phenotype likely represents
an advanced or progressive stage of disease, in which initial atrial dysfunction is accompanied over
time by ventricular structural changes [3]. Importantly, these studies have also demonstrated that A-
SMR is not a benign finding, as moderate-to-severe atrial-driven mitral regurgitation is associated
with worsening symptoms and adverse clinical outcomes [12].

A-SMR differs from ventricular functional MR not only in terms of pathophysiology but also
with respect to patterns of cardiac remodeling and disease progression. Comparative analyses have
shown that atrial and ventricular functional MR are associated with distinct structural and clinical
phenotypes, with atrial-driven disease exhibiting a stronger relationship with left atrial size, thythm
status, and annular geometry [13]. These differences suggest that therapeutic strategies effective in
V-SMR may not be directly applicable to patients with A-SMR.

Despite its growing recognition, A-SMR remains insufficiently addressed in current clinical
guidelines, without providing specific recommendations tailored to atrial-driven disease [5,14]. This
lack of dedicated guidance contributes to uncertainty in clinical practice, particularly when choosing
among medical therapy, rhythm control strategies, transcatheter interventions, and surgical repair.

Given these considerations, a comprehensive and mechanism-oriented evaluation of A-SMR is
essential. Improved understanding of its pathophysiology, imaging characteristics, natural history,
and response to different therapeutic approaches may help refine patient selection and optimize
outcomes. In this context, cardiac surgery plays a pivotal role, as surgical annuloplasty directly
targets the dominant anatomical substrate of A-SMR and offers the opportunity for concomitant
treatment of atrial fibrillation [15].
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2. Methodology and Study Selection

This narrative review summarizes current evidence on atrial secondary (atrial functional) mitral
regurgitation with a focus on diagnostic definitions, imaging assessment, clinical outcomes, and
implications for cardiac surgery. A targeted literature search was performed in PubMed/MEDLINE
and Scopus from inception to December 2025 using combinations of the terms “atrial functional

voou ”ou vou

mitral regurgitation”, “atrial secondary mitral regurgitation”, “mitral annulus”, “atrial fibrillation”,
“annuloplasty”, “mitral valve repair”, and “transcatheter edge-to-edge repair”. Additional records
were identified by manual screening of reference lists of relevant articles. We prioritized English-
language studies in adult populations, including observational cohorts, registry studies,
interventional reports, meta-analyses, and contemporary reviews. Case reports were considered only
when providing unique mechanistic or surgical insights. Given the narrative design, no formal risk-
of-bias assessment was performed; however, evidence was critically appraised with attention to

phenotype definition, imaging criteria, and outcome ascertainment.

3. Pathophysiology of Atrial Secondary Mitral Regurgitation

Atrial secondary mitral regurgitation is fundamentally an atrial-driven disease. In contrast to
ventricular functional mitral regurgitation, in which mitral valve incompetence arises from left
ventricular remodeling and papillary muscle displacement, A-SMR develops in the setting of
preserved ventricular geometry and systolic function, with regurgitation primarily resulting from
atrial and annular remodeling [16] (Figure 1).
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Figure 1. Pathophysiology of A-SMR and V-SMR.

3.1. Left Atrial Remodeling and Annular Dilatation

Chronic elevation of left atrial pressure and volume represents the central trigger for structural
remodeling in A-SMR. Long-standing atrial fibrillation (AF) and diastolic dysfunction lead to
progressive atrial enlargement, wall stretch, and fibrosis, which in turn directly affect mitral annular
size and geometry [17]. Because the mitral annulus is anatomically coupled to the left atrium, atrial
dilatation translates into annular enlargement even in the absence of ventricular dilatation.
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Annular dilatation in A-SMR predominantly involves the posterior and lateral segments of the
annulus, resulting in a more circular and flattened configuration. This geometric alteration reduces
the coaptation surface between the mitral leaflets despite preserved leaflet structure and mobility,
thereby generating functional regurgitation [18].

3.2. Leaflet-Annulus Mismatch

Mitral leaflets may undergo adaptive enlargement in response to chronic loading conditions;
however, in many patients with A-SMR this compensatory mechanism is insufficient to match the
degree of annular dilatation. The resulting leaflet-annulus mismatch represents a key mechanism
underlying atrial-driven mitral regurgitation [19]. Unlike V-SMR, leaflet tethering and subvalvular
distortion are typically minimal, and coaptation failure occurs predominantly at the annular level.

This mechanistic distinction has important therapeutic implications, as interventions aimed at
restoring annular size and geometry directly address the primary cause of regurgitation in A-SMR.

4. Imaging Assessment and Diagnostic Criteria

Imaging plays a central role in the diagnosis and management of atrial secondary mitral
regurgitation. Because A-SMR is defined by preserved left ventricular geometry and the absence of
primary mitral valve disease, a comprehensive imaging approach is essential to correctly identify the
atrial-driven mechanism of regurgitation and to distinguish it from ventricular functional mitral
regurgitation [20].

4.1. Standard Echocardiographic Evaluation

Transthoracic echocardiography (TTE) represents the first-line imaging modality for patients
with suspected A-SMR. A systematic evaluation should document preserved left ventricular size and
systolic function, exclude primary leaflet abnormalities, and assess the severity of mitral
regurgitation. Marked left atrial enlargement is a hallmark finding and should prompt careful
evaluation of annular dimensions and valve coaptation [21].

Mitral regurgitation jets in A-SMR are typically central or mildly posteriorly directed, reflecting
symmetric annular dilatation rather than asymmetric leaflet tethering. Quantitative assessment of
regurgitation severity should be interpreted with caution, as loading conditions and rhythm status
may significantly influence Doppler measurements.

Transesophageal echocardiography (TEE) may be useful to exclude subtle leaflet pathology and
to better define annular anatomy, particularly in patients being considered for interventional or
surgical treatment.

4.2. Mechanistic and Geometric Parameters

Several echocardiographic parameters are particularly informative for recognizing atrial-driven
mitral regurgitation. Measurements of mitral annular dimensions, including anteroposterior and
commissural diameters, allow quantification of annular dilatation [20]. In contrast to V-SMR, indices
of leaflet tethering such as tenting height and tenting area are typically minimal in A-SMR [22].

Assessment of leaflet length and coaptation depth provides additional insight into leaflet—
annulus mismatch. In many patients with A-SMR, leaflet tissue is relatively preserved, whereas
coaptation failure results from annular enlargement rather than from subvalvular distortion [20].

4.3. Advanced Imaging and Atrial Function

Three-dimensional echocardiography has improved the assessment of mitral annular geometry
and leaflet coaptation in A-SMR. By enabling accurate reconstruction of annular shape and dynamic
changes throughout the cardiac cycle, three-dimensional imaging facilitates refined phenotypic
characterization and improves patient selection for intervention [23].
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In addition, evaluation of left atrial function using strain imaging provides complementary
information on the severity of atrial myopathy. Reduced atrial strain has been associated with
advanced atrial remodeling and may help identify patients at increased risk of persistent or recurrent
mitral regurgitation after treatment [20].

For several years, the use of cardiac magnetic resonance has become increasingly widespread in
the field of valvular heart disease, particularly in mitral regurgitation. It allows an in-depth
assessment of the mitral valve apparatus, leaflet morphology, and papillary muscles, and can also
precisely characterize the impact of mitral regurgitation on left atrial and ventricular remodeling [24].

The DECAAF study demonstrated that the extent of left atrial fibrosis, quantified by delayed-
enhancement MRI, is a strong and independent marker of atrial disease severity and clinical
progression in patients with atrial fibrillation. Increasing degrees of atrial fibrosis were associated
with worse clinical outcomes and reduced response to rhythm-control strategies, reflecting advanced
atrial remodeling and loss of atrial compliance [25].

Cawley et al. performed a prospective head-to-head comparison between transthoracic
echocardiography (TTE) and cardiac magnetic resonance (CMR) for quantification of chronic mitral
and aortic regurgitation in 57 patients studied on the same day. The study demonstrated that CMR
provides significantly lower intra- and interobserver variability than TTE for regurgitant volume and
ventricular volume measurements, with particularly strong reproducibility for phase-contrast flow
assessment of regurgitation. Although both modalities showed substantial variability in mitral
regurgitation quantification, CMR tended to be more consistent than Doppler-based
echocardiographic methods, especially when annular geometry and ventricular volumes were
difficult to define. These findings highlight the limitations of echocardiography in complex or
geometrically distorted valves and support the role of CMR as a complementary tool for accurate and
reproducible quantification of regurgitation severity, particularly when precise serial assessment is
required for clinical decision-making or timing of intervention [26].

5. Natural History and Clinical Impact

Atrial secondary mitral regurgitation is increasingly recognized as a progressive condition
rather than a benign echocardiographic finding. Although mild forms of A-SMR may initially be well
tolerated, longitudinal observations indicate that mitral regurgitation severity often increases over
time as a consequence of ongoing atrial remodeling and progressive annular dilatation [27].

Progression of A-SMR is closely linked to the natural history of atrial fibrillation and atrial
cardiomyopathy. Persistent elevation of left atrial pressure and volume overload promote further
atrial enlargement, establishing a vicious cycle in which worsening mitral regurgitation contributes
to additional atrial stretch and remodeling. This self-perpetuating mechanism may ultimately lead to
stabilization of significant regurgitation that becomes less responsive to rhythm or medical therapies
[28].

From a clinical perspective, increasing severity of A-SMR is associated with worsening
symptoms, including exertional dyspnea, reduced exercise tolerance, and recurrent heart failure
hospitalizations [28]. Importantly, observational studies indicate that moderate-to-severe atrial
secondary mitral regurgitation is associated with worse clinical outcomes, independently of
comorbid conditions and baseline cardiac function. [20].

Beyond symptom burden, A-SMR has important hemodynamic consequences. Chronic left atrial
volume overload may lead to sustained elevation of pulmonary venous pressure and the
development of pulmonary hypertension [2]. In advanced stages, pulmonary hypertension may
result in right ventricular dysfunction and secondary tricuspid regurgitation, further complicating
the clinical course and adversely affecting prognosis [23].

Timing appears to be a critical determinant of outcomes in patients with A-SMR. Earlier stages
of disease, characterized by moderate annular dilatation and less advanced atrial remodeling, may
retain partial reversibility, particularly when sinus rhythm can be restored [6]. In contrast, delayed
intervention in the presence of severe atrial enlargement, persistent atrial fibrillation, and established
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pulmonary hypertension is associated with less favorable outcomes and a higher likelihood of
residual or recurrent mitral regurgitation after treatment [2].

6. Non-Surgical Treatment Strategies

Non-surgical management of atrial secondary mitral regurgitation is primarily directed toward
symptom control and treatment of associated conditions rather than correction of the underlying
anatomical substrate. Because A-SMR is driven by atrial remodeling and annular dilatation, medical
and rhythm-based therapies may influence disease severity in selected patients but generally do not
provide definitive resolution of mitral regurgitation [5].

6.1. Medical therapy

Medical therapy in patients with atrial secondary mitral regurgitation (A-SMR) should be
considered within the framework of contemporary heart failure with preserved ejection fraction
(HFpEF) management, a condition that frequently coexists with atrial-driven mitral regurgitation.
Diuretic therapy remains essential for congestion relief and symptom control by reducing left atrial
pressure; however, it does not directly address mitral annular dilatation or restore leaflet coaptation
and therefore has limited impact on the structural progression of A-SMR [1]. Sodium-glucose
cotransporter-2 (SGLT2) inhibitors have emerged as a foundational therapy in HFpEF, with large
randomized trials demonstrating significant reductions in heart failure hospitalizations and
improvements in patient-reported outcomes across the spectrum of preserved and mildly reduced
ejection fraction [29,30]. In patients with A-SMR occurring in the HFpEF setting, SGLT2 inhibitors
should therefore be regarded as part of optimized background therapy. While they do not directly
modify annular geometry, their favorable effects on cardiac filling pressures and congestion may
indirectly mitigate symptom burden and dynamic variability of mitral regurgitation severity [29,30].
Overall, pharmacological therapy in A-SMR should be viewed as supportive and prognostically
beneficial, particularly for HFpEF and comorbidity management, but insufficient as a standalone
strategy for correcting atrial-driven mitral regurgitation. Persistent moderate-to-severe A-SMR
despite optimized medical therapy should prompt consideration of interventional or surgical
treatment [1].

6.2. Rhythm and Rate Control Strategies

Given the central role of atrial fibrillation in the pathophysiology of A-SMR, rhythm control
strategies are of particular interest. Restoration and maintenance of sinus rhythm may promote atrial
reverse remodeling, improve atrial contractile function, and partially restore annular dynamics. In
selected patients, particularly those with less advanced atrial remodeling and shorter duration of
atrial fibrillation, rhythm control has been associated with a reduction in mitral regurgitation severity
[6].

Catheter ablation represents an important rhythm control option in appropriately selected
patients and may contribute to improvement in mitral regurgitation by reducing atrial size and
pressure over time [31]. However, success rates decrease markedly in the presence of long-standing
persistent atrial fibrillation and severe atrial enlargement, limiting the applicability of this approach
in many patients with established A-SMR [31]. Rate control strategies, while important for symptom
management, have a limited effect on atrial remodeling and are unlikely to substantially influence
the course of atrial-driven mitral regurgitation [1,32].

6.3. Transcatheter Edge-To-Edge Repair

Transcatheter edge-to-edge repair has emerged as a therapeutic option for patients with severe
A-SMR who remain symptomatic despite optimized medical and rhythm management and who are
considered not eligible for surgery (Class IIb Level B Recommendation) [5]. By enhancing leaflet
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coaptation, this approach can reduce mitral regurgitation severity and improve symptoms in selected
patients [7,33-36].

However, the predominantly annular nature of A-SMR raises concerns regarding long-term
durability. Progressive annular dilatation and ongoing atrial remodeling may continue despite
successful edge-to-edge repair, predisposing to residual or recurrent mitral regurgitation over time
[4, 37]. Advanced imaging studies have shown that patients with extreme annular enlargement and
severe atrial myopathy derive less durable benefit from transcatheter repair [37].

Careful patient selection is therefore essential when considering transcatheter interventions in
A-SMR. Patients with moderate annular dilatation, preserved leaflet tissue, and less advanced atrial
remodeling appear more likely to benefit, whereas those with advanced atrial disease and severe
tricuspid regurgitation may experience limited or transient improvement [4].

7. Surgical Implications in Atrial Secondary Mitral Regurgitation

Surgical treatment represents a cornerstone in the management of A-SMR, as it directly
addresses the dominant anatomical mechanism underlying the disease. In contrast to V-SMR, where
surgical outcomes are strongly influenced by left ventricular geometry and function, A-SMR is
primarily an annular disorder occurring in the setting of preserved ventricular performance. This
fundamental distinction has important implications for patient selection, timing of intervention, and
choice of surgical technique [8,15].

7.1. Indications and timing for surgery

Surgical intervention should be considered in patients with severe A-SMR who remain
symptomatic despite optimized medical therapy and appropriate rhythm or rate control strategies,
in accordance with current guideline recommendations (Class Ila Level B Recommendation) [5].
Timing of intervention is particularly relevant, as surgery performed before the development of
extreme atrial dilatation, advanced pulmonary hypertension, or right ventricular dysfunction is more
likely to result in durable mitral valve repair and favorable clinical outcomes [38].

Delayed referral may attenuate the benefit of surgery, as advanced atrial remodeling and long-
standing AF have been consistently associated with higher rates of recurrent mitral regurgitation
following intervention [27]. These observations support consideration of earlier surgical referral in
selected patients with progressive symptoms and echocardiographic evidence of worsening annular
dilatation, before irreversible atrial and right-sided remodeling occurs [27].

7.2. Surgical Techniques

Mitral valve repair based on annuloplasty remains the preferred surgical strategy for A-SMR, as
it directly targets the primary mechanism of annular dilatation [39] in the presence of structurally
normal leaflets and an intact subvalvular apparatus (Figure 2). Restoration of annular size and
geometry improves leaflet coaptation and mitral competence without the need for ventricular or
papillary muscle-directed interventions [8].
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Figure 2. Mitral valve annuloplasty and AF Ablation.

Early clinical evidence supporting this approach was provided by Vohra et al., who reported
favorable mid-term outcomes following systematic mitral annuloplasty in patients with severe A-
SMR due to isolated annular dilatation, frequently combined with concomitant atrial fibrillation
surgery and tricuspid repair [40]. Subsequent studies have consistently confirmed annuloplasty as
the foundation of surgical repair in this setting.

A comprehensive scoping review of the surgical literature further demonstrated that, despite
substantial heterogeneity in diagnostic criteria and patient selection, mitral valve repair with ring
annuloplasty represents the predominant surgical strategy across published A-SMR series. However,
the use of adjunctive leaflet, atrial, and rhythm-control procedures remains highly variable, reflecting
the absence of standardized treatment algorithms [41].

Disease progression plays a key role in determining the adequacy of isolated annuloplasty. As
highlighted by Aranda-Domene and colleagues, A-SMR may evolve from an early stage dominated
by annular dilatation and central regurgitation to more advanced stages characterized by atriogenic
posterior leaflet tethering, anterior leaflet pseudoprolapse, and eccentric regurgitant jets. In such
cases, annuloplasty alone may be insufficient, prompting consideration of more comprehensive
surgical strategies [42].

Several authors have therefore advocated adjunctive techniques tailored to advanced atrial
remodeling, including leaflet augmentation, atrial plication, and concomitant rhythm-control
procedures [42]. Posterior leaflet augmentation with autologous pericardium has been explored as a
means to improve coaptation; however, concerns remain regarding long-term durability due to
leaflet shrinkage and stiffening [43].

The concept of A-SMR as a disease driven by atrial remodeling rather than ventricular distortion
has been further reinforced by multiple surgical series demonstrating durable results with
annuloplasty-based repair in patients with preserved ventricular geometry. However, additional
procedures—including artificial chordal implantation, posterior leaflet augmentation with
autologous pericardium, atrial plication, and routine tricuspid annuloplasty —were advocated for
patients with giant left atria and markedly enlarged annuli [44]. Takahashi et al. reported sustained

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0227.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2026 d0i:10.20944/preprints202602.0227.v1

9 of 19

reduction of mitral regurgitation and symptomatic improvement following annuloplasty in patients
with chronic atrial fibrillation, even in the absence of rhythm restoration, underscoring the primacy
of annular pathology [45].

Nevertheless, outcomes appear less favorable in patients with excessive atriogenic or combined
atriogenic—ventriculogenic leaflet tethering. Sakaguchi et al. demonstrated that recurrent mitral
regurgitation following annuloplasty was associated with larger preoperative ventricular dimensions
and more pronounced leaflet tethering, highlighting the importance of careful preoperative
morphological assessment [46].

Given the frequent coexistence of atrial functional tricuspid regurgitation, several studies have
emphasized the need for an integrated, dual-valve approach [40,44-45,47]. Combined mitral and
tricuspid annuloplasty has been shown to result in sustained reduction of both regurgitations and
improved functional status, while preoperative left atrial volume index has emerged as an important
predictor of late cardiovascular events, reinforcing the prognostic role of advanced atrial remodeling
[47] (Figure 3). Notably, this concept has been acknowledged in the most recent 2025 ESC guidelines
on valvular heart disease, which recommend concomitant tricuspid valve intervention in patients
with severe tricuspid regurgitation undergoing left-sided valve surgery and suggest consideration of
tricuspid repair even in moderate or mild regurgitation in the presence of annular dilatation, with
the aim of preventing disease progression and right ventricular remodeling [5].

Figure 3. Tricuspid valve annuloplasty.

Left atrial plication has also been proposed as an adjunctive strategy in patients with giant left
atria, with evidence suggesting improved correction of atriogenic posterior leaflet tethering and
favorable mid-term durability in carefully selected patients [48] (Table 1).

Parallel to these mechanistic advances, surgical strategies for A-SMR have evolved alongside the
widespread adoption of minimally invasive mitral valve surgery [49]. Contemporary minimally
invasive platforms allow the full spectrum of mitral repair and concomitant atrial procedures to be
performed with outcomes comparable to conventional sternotomy, while offering a less invasive
surgical framework [49]. In selected patients with A-SMR and HFpEF, minimally invasive
annuloplasty has been associated with durable valve competence and improved long-term survival
compared with medical therapy alone [50].
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Table 1. Surgical strategies and outcomes in atrial secondary mitral regurgitation.
Indications Expected
Surgical Pathophysiological Technical P
(based on . . outcomes /
strategy target . considerations ey s
disease stage) limitations
Durable
Rigid or semi- reduction of MR
rigid complete in early-
Moderate— 8 P Y

ring preferred; intermediate
Mitral annular severe A-SMR &P

. . . . undersizing to  stages; lower
Complete mitral dilatation secondary with preserved 8 8

. restore leaflet recurrence
annuloplasty to left atrial LV geometry; . .
enlareement operable coaptation; = compared with
& P . careful sizing to V-SMR; reduced
patients . . . .
avoid functional  efficacy in
stenosis advanced atrial
remodeling
Advanced A- . May improve
. Posterior leaflet Y Impror
. . . SMR with coaptation in
Mitral Atriogenic leaflet . - patch
. insufficient . selected cases;
annuloplasty + malcoaptation due augmentation; . . .
leaflet ; limited evidence
leaflet to extreme annular . increased .
. . . coaptation and higher
augmentation dilatation . procedural .
despite . surgical
complexity .
annuloplasty complexity
Potential
. Extreme left atrial Selected patients Adjunctive symptomatic
Left atrial . . o e
. dilatation and with giant LA procedure;  benefit; limited
reduction / . .
. reservoir and refractory increased data on long-
plication . s
dysfunction symptoms operative time term MR
durability
Severe A-SMR
End-stage atrial =~ with extensive . Reliable MR
. . ; . Chordal-sparing .= .
Mitral valve  disease with failed annular . elimination; loss
. . . techniques .
replacement repair or non- distortion or of native valve
; . . recommended .
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Comparative Outcomes and Predictors of Durability

Comparative surgical studies have further clarified the distinct prognostic profile of A-SMR.
Compared with V-SMR, patients with A-SMR exhibit superior long-term survival and lower rates of
reoperation following mitral valve surgery, despite similar early operative risk [15]. Importantly,
etiological classification has emerged as a key determinant of outcome, supporting tailored surgical
decision-making [51].

Within the A-SMR population, long-term follow-up studies extending up to 10 years have
provided valuable insights into repair durability [52]. Mitral valve repair has consistently
outperformed valve replacement in terms of survival, while recurrent regurgitation has been strongly
associated with procedural factors rather than patient comorbidity alone. In particular, the use of
partial band annuloplasty has been identified as an independent predictor of recurrent mitral
regurgitation, supporting the preferential use of complete annuloplasty rings to ensure durable
annular remodeling [52].

Consistent with evidence from predominantly ventricular functional mitral regurgitation
populations, partial band annuloplasty has been associated with inferior durability compared with
complete rings, reinforcing the importance of complete annular stabilization across etiological
substrates [53].
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Rigid or semi-rigid complete annuloplasty rings are therefore generally favored to prevent
recurrent annular dilatation, with careful sizing required to balance effective annular reduction
against the risk of functional mitral stenosis [15]. In contrast to ventricular functional mitral
regurgitation, subvalvular repair techniques aimed at modifying papillary muscle position are
typically unnecessary in A-SMR, reflecting the limited contribution of ventricular distortion to
disease pathophysiology [15].

7.3. Concomitant Atrial Fibrillation Surgery and Left Atrial Appendage Closure

Given the central role of AF in the development and progression of A-SMR, concomitant surgical
ablation should be strongly considered at the time of mitral valve repair. Surgical ablation strategies
aim to restore sinus rhythm, reduce atrial fibrillation burden, and promote atrial reverse remodeling.
This integrated approach addresses both the cause and the consequence of atrial-driven mitral
regurgitation [54,55].

Chen et al. reported one of the largest surgical series evaluating mitral valve repair for A-SMR
with a specific focus on the impact of concomitant surgical ablation for atrial fibrillation. In a cohort
of 82 patients with persistent atrial fibrillation, preserved left ventricular systolic function, and
moderate-to-severe A-SMR, all patients underwent mitral valve repair with annuloplasty, and 63%
received concomitant Cox-Maze IV ablation (Figure 2). Cox-Maze IV ablation is a standardized
surgical ablation technique for atrial fibrillation that creates a predefined pattern of linear lesions in
the atria using energy sources such as bipolar radiofrequency and/or cryoablation, reproducing the
lesion set of the original cut-and-sew Cox-Maze III procedure while reducing operative complexity
and morbidity. Surgical treatment was associated with significant improvement in functional status
and reverse remodeling of both the left atrium and left ventricle, with no operative mortality.
Importantly, concomitant surgical ablation was associated with a significantly lower rate of recurrent
mitral regurgitation during mid-term follow-up, particularly in patients with smaller left atrial
diameters (<60 mm), whereas this benefit was not observed in those with advanced atrial enlargement
[55].

Available evidence suggests that restoration of sinus thythm may improve atrial function and
annular dynamics, potentially enhancing the durability of mitral valve repair [6].

Ye et al. reported a large prospective cohort study evaluating outcomes of mitral valve repair
combined with the Cox-Maze procedure in patients with A-SMR and heart failure with recovered
ejection fraction. Among 312 consecutively enrolled patients, 247 underwent mitral valve repair plus
surgical ablation after guideline-directed medical therapy, including 132 with full Left Ventricular
Ejection Fraction (LVEF) recovery (250%) and 115 with partial recovery (40-50%). Operative mortality
was low and comparable between groups, and overall 5-year survival reached 95% in the total cohort.
Importantly, patients with LVEF 250% demonstrated significantly better long-term freedom from
recurrent MR and AF compared with those with partial recovery, while survival and heart-failure
rehospitalization rates were similar after inverse probability weighting adjustment. The authors
concluded that mitral valve repair combined with Cox-Maze is safe and effective in patients with A-
SMR and recovered systolic function, with more durable rhythm and valve outcomes observed in
those achieving full ventricular recovery [56].

Song et al. compared surgical outcomes of mitral valve surgery in patients with A-SMR and
degenerative mitral regurgitation (DMR) in a large multicenter cohort of 642 patients, including 82
propensity score-matched patients with A-SMR. Mitral valve repair was the predominant strategy
in both groups and was associated with a similarly low rate of recurrent mitral regurgitation, with 5-
year freedom from moderate or greater MR of 93.0% in A-SMR and 89.8% in DMR. Despite
comparable durability of mitral repair, patients with A-SMR experienced higher rates of heart
failure-related readmission and cardiac death at 5 years (88.6% vs 96.3% freedom from HF
readmission), reflecting the impact of advanced atrial remodeling. Importantly, following
concomitant Maze procedures, A-SMR patients showed a significantly higher incidence of junctional
rhythm and permanent pacemaker implantation, highlighting a distinctive rhythm-related risk
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profile in this population. Overall, the study supports mitral valve repair as an effective surgical
option for A-SMR while emphasizing the need for careful rhythm management and postoperative
surveillance [57].

Patient selection remains critical, as the likelihood of maintaining sinus rhythm decreases with
increasing atrial size and longer duration of atrial fibrillation [28].

Left atrial appendage (LAA) closure at the time of mitral valve intervention is often considered
to reduce the long-term risk of stroke in patients with permanent AF, particularly in those with
contraindications to long-term anticoagulation [32]. While dedicated randomized data in A-SMR
populations are limited, expert consensus and recent evidence support the integration of LAA closure
into the surgical strategy for selected patients with persistent or permanent AF, as part of a
comprehensive approach to atrial remodeling and thromboembolic risk reduction [39, 58-59].

7.4. Outcomes and Durability

Short- and mid-term outcomes following surgical repair of A-SMR are generally favorable in
appropriately selected patients, with significant reduction in mitral regurgitation severity and
improvement in functional status. However, recurrence of mitral regurgitation remains a concern,
particularly in patients with advanced atrial remodeling or persistent atrial fibrillation [38].

Long-term outcome data specific to A-SMR remain limited, highlighting the need for
prospective studies with extended follow-up. Nevertheless, from a pathophysiological perspective,
surgical annuloplasty —particularly when combined with atrial fibrillation surgery —represents the
most definitive treatment option for patients with atrial-driven mitral regurgitation who are suitable
operative candidates [8,15]

8. Clinical-Surgical Decision-Making: A Proposed Algorithm

Clinical decision-making in atrial secondary mitral regurgitation should be guided by a
mechanism-oriented approach that integrates clinical presentation, imaging findings, and procedural
risk. Given the fundamental differences between atrial-driven and ventricular functional mitral
regurgitation, accurate identification of A-SMR is the cornerstone of appropriate management and
therapeutic selection [10,13].

Patients presenting with functional MR and HFpEF should undergo comprehensive
echocardiographic evaluation to confirm the atrial mechanism. Key features supporting a diagnosis
of A-SMR include significant left atrial enlargement, mitral annular dilatation, minimal leaflet
tethering, and the absence of primary mitral valve disease [20-22]. Recognition of these characteristics
is essential to avoid misclassification and inappropriate application of treatment strategies designed
for V-SMR.

In asymptomatic or mildly symptomatic patients with early-stage A-SMR, initial management
should focus on optimization of medical therapy and treatment of associated conditions, including
HFpEF and AF [5,6]. Rhythm control strategies may be particularly beneficial in patients with limited
atrial remodeling, as restoration of sinus rhythm can promote atrial reverse remodeling and reduce
mitral regurgitation severity [6].

Patients with persistent symptoms despite optimized non-surgical management require further
stratification based on atrial size, annular dimensions, pulmonary pressures, and right ventricular
function. Progressive annular dilatation, persistent atrial fibrillation, and early pulmonary
hypertension identify patients at higher risk of disease progression and adverse outcomes if
intervention is delayed [27-28].

In patients who are suitable surgical candidates, mitral valve repair based on annuloplasty
should be considered the preferred treatment strategy, particularly when intervention is performed
before the development of advanced pulmonary hypertension or right ventricular dysfunction [8,15].
Concomitant surgical ablation of atrial fibrillation should be strongly encouraged, as it addresses the
underlying atrial pathology and may enhance the durability of mitral repair [6,8].
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TEER may be considered in selected patients who are deemed at prohibitive surgical risk or are
not candidates for surgery. In these cases, careful patient selection is critical, as the annular-driven
nature of A-SMR may limit long-term durability, particularly in the presence of extreme annular
enlargement or advanced atrial myopathy [7,37].

Ultimately, management decisions in A-SMR should be individualized and guided by a
multidisciplinary Heart Team approach. Integration of clinical status, imaging phenotype,
procedural risk, and patient preferences is essential to align treatment strategy with disease
mechanism and stage, thereby optimizing clinical outcomes.

9. Future Directions

Despite increasing recognition of A-SMR as a distinct clinical and mechanistic entity, several
important knowledge gaps remain, particularly with regard to optimal timing of intervention, patient
selection, and surgical strategy. Addressing these gaps will be essential to refine management
algorithms and improve long-term outcomes. From a surgical standpoint, future research should
prioritize prospective, phenotype-specific studies that clearly distinguish A-SMR from V-SMR and
dual-mechanism functional mitral regurgitation [3,13,15]. The heterogeneity of current surgical
series, often including mixed phenotypes, limits the ability to draw firm conclusions regarding
durability and outcomes of mitral valve repair in pure A-SMR. Standardized diagnostic and imaging
criteria integrating annular geometry, leaflet-annulus mismatch, atrial size, and atrial fibrosis burden
are needed to improve surgical candidate selection and procedural planning [20-23,25]. The timing
of surgical intervention represents a particularly relevant area for future investigation. Observational
data suggest that surgical repair performed before the development of extreme atrial dilatation,
advanced pulmonary hypertension, or right ventricular dysfunction is associated with superior
durability and clinical outcomes [2,27,38]. However, prospective data defining optimal intervention
thresholds are lacking. Future studies comparing early surgical referral versus delayed intervention
in patients with progressive A-SMR may clarify whether timely annuloplasty-based repair can
interrupt the self-perpetuating cycle of atrial remodeling and regurgitation progression. Further
refinement of surgical techniques tailored to disease stage is also warranted. While complete rigid or
semi-rigid annuloplasty is widely accepted as the cornerstone of repair in A-SMR [39,52], the role of
adjunctive procedures—such as leaflet augmentation, atrial plication, or other atrial remodeling
strategies—requires systematic evaluation. Identifying which patients benefit from isolated
annuloplasty versus more complex repair strategies remains an unmet clinical need, particularly in
advanced stages characterized by atriogenic leaflet tethering [42-44,46]. The integration of
concomitant atrial fibrillation surgery represents another key area for future research. Available
evidence suggests that surgical ablation may reduce atrial fibrillation burden, promote atrial reverse
remodeling, and improve the durability of mitral valve repair in selected patients [6,55-56]. However,
the benefit of ablation appears attenuated in patients with advanced atrial enlargement and extensive
atrial fibrosis [25,28,55]. Future studies should aim to define atrial size, fibrosis extent, and AF
duration thresholds beyond which the incremental benefit of surgical ablation becomes limited.
Finally, comparative studies specifically focused on surgical repair versus transcatheter therapies in
A-SMR populations are needed. While transcatheter edge-to-edge repair represents a valuable option
for high-risk or inoperable patients [5,7,33-36], concerns remain regarding long-term durability in a
predominantly annular disease characterized by progressive atrial remodeling [4,37]. Direct
comparisons incorporating anatomical, functional, and patient-reported outcomes will be essential
to better define the respective roles of surgical and transcatheter interventions within a mechanism-
oriented treatment framework.

10. Conclusions

Atrial secondary mitral regurgitation is a distinct and increasingly recognized form of functional
mitral regurgitation driven primarily by left atrial remodeling and mitral annular dilatation in the
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setting of preserved ventricular geometry and systolic function [1,3,10]. Its recognition challenges the
traditional ventricular-centered paradigm of functional mitral valve disease and has major
implications for diagnosis, risk stratification, and therapeutic decision-making. From a cardio-
surgical perspective, A-SMR is fundamentally an annular disease, making mitral valve repair based
on complete annuloplasty the most pathophysiologically sound and definitive therapeutic option in
suitable candidates [8,15,39]. Surgical annuloplasty directly addresses the dominant mechanism of
regurgitation and, when performed before advanced atrial and right-sided remodeling occurs, is
associated with favorable durability and clinical outcomes [27,52]. Compared with ventricular
functional mitral regurgitation, patients with A-SMR generally demonstrate superior long-term
survival and lower rates of reoperation following surgical repair, underscoring the importance of
etiological classification in surgical decision-making [15,51]. The frequent coexistence of atrial
fibrillation and atrial functional tricuspid regurgitation further supports a comprehensive and
integrated surgical strategy, combining mitral annuloplasty with concomitant atrial fibrillation
ablation, tricuspid valve repair, and, when appropriate, left atrial appendage closure [40,44,45,47,55—
59]. This approach targets both the cause and consequences of atrial remodeling and may enhance
long-term valve competence and clinical stability. Nevertheless, surgical outcomes are strongly
influenced by disease stage at the time of intervention. Advanced atrial enlargement, extensive atrial
fibrosis, persistent atrial fibrillation, and established pulmonary hypertension are consistently
associated with higher rates of recurrent mitral regurgitation and less favorable long-term outcomes
[27]. These observations highlight the critical importance of timely referral and intervention before
irreversible atrial and right-sided remodeling develops. In conclusion, atrial secondary mitral
regurgitation should be managed through a mechanism-oriented, multidisciplinary Heart Team
approach, with cardiac surgery playing a central role in eligible patients. Continued refinement of
diagnostic criteria, surgical techniques, and timing strategies—supported by dedicated prospective
studies—will be essential to optimize outcomes and fully define the role of surgical therapy in this
increasingly prevalent and clinically relevant disease phenotype.
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Abbreviations

AF: Atrial Fibrillation.

A-SMR: Atrial Secondary Mitral Regurgitation

CMR: Cardiac Magnetic Resonance

DMR: Degenerative Mitral Regurgitation

HFpEF: Heart Failure with preserved Ejection Fraction

Left Atrial Appendage: LAA
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LVEEF: Left Ventricular Ejection Fraction

MR: Mitral Regurgitation

MRI: Magnetic Resonance Imaging

SGLT2: Sodium-Glucose Cotransporter-2

TEE: Transesophageal echocardiography

TTE: Transthoracic echocardiography

TEER: Transcatheter Edge-To-Edge Repair

V-SMR: Ventricular Secondary Mitral Regurgitation
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