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Introduction

One of the most prevalent cardiac valvular abnormalities 
in the United States is mitral regurgitation (MR) (1). It 
can be classified as organic [structural abnormalities of 
the mitral valve (MV)] or functional (structurally normal 
leaflet tissue). A prevailing opinion among researchers in 
this field of study is that functional MR (FMR) results from 
the restriction of leaflet motion, which is caused by a vector 
shift of the papillary muscles (PMs) of the left ventricle (LV). 

It is clear that displaced PMs tether the MV leaflets into 
the LV cavity, preventing the MV from coapting adequately 
despite the closing forces imposed by left systolic pressure 
(2,3). In a clinical setting, the most common context for 
diagnosing FMR is in the context of an ischemic infarction 
of the inferoposterior wall, as well as in cases of dilated 
cardiomyopathy (4-6). 

In their study, Gertz and his team (7) provided definitive 
evidence that FMR is not restricted to in vivo observations 
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of LV remodeling. They also demonstrated that it can 
arise in patients with left atrial (LA) and mitral annular 
enlargement caused by atrial fibrillation (AF). In this study, 
the researchers conducted a retrospective analysis of 53 
patients with AF and a LV size that was within normal 
limits, in addition to an ejection fraction (EF) of at least 
50%. These individuals were initially referred for catheter 
ablation. The study subjects exhibited significant (moderate 
to severe) MR with structurally unimpaired leaflets and were 
therefore not eligible for surgical ablation. One year after 
catheter ablation, follow-up echocardiography revealed 
that patients with recurrent AF had significantly larger LA 
volumes and annular sizes, as well as a >3 times higher rate 
of significant MR (82% vs. 24%; P=0.005). It is noteworthy 
that mitral annular size was the most significant independent 
determinant of meaningful MR. Gertz and colleagues (7) 
distinguished atrial FMR (AFMR) from ventriculogenic 
FMR (VFMR) in patients with LV remodeling by defining 
the former as a separate entity.

There is considerable variation in the prevalence of AFMR 
across studies, reflecting differences in definitions, diagnostic 
modalities, study designs, and populations examined. The 
study conducted by Gertz and colleagues (7) revealed that 
7% of patients exhibited significant AFMR when assessed 
by transthoracic echocardiography. A study that included 
patients who had already been diagnosed with AF and were 
undergoing a trans-thoracic echocardiogram revealed that 
3% of those with AF for 1 year exhibited significant MR, 
compared to 28% of those with AF for over 10 years (8). 
This cohort of patients with severe MR and preserved LV 
systolic function had AFMR identified in almost 8% of 
those undergoing transesophageal echocardiography (8). 

The final word on this comes from a community-based 
study performed in Olmstead County: 27% of individuals 
with significant MR had AFMR, 38% had VFMR, 32% had 
primary MR, and 2% had MR of mixed etiology (9).

Another significant etiology of AFMR is heart failure 
(HF) with preserved ejection fraction (HFpEF) (10). 
The development of LA enlargement and mitral annular 
enlargement in HFpEF is a consequence of chronic LA 
hypertension resulting from LV diastolic dysfunction. It is 
important to note that AF occurs in 15% to 40% of patients 
with HFpEF likely due to atrial fibrosis, a well-established 
proarrhythmic substrate (11). 

It has been proposed that controlling the rhythm of 
AF rather than the rate may preclude the development 
or ameliorate AFMR. However, this hypothesis has not 
been subjected to rigorous investigation (12). In addition, 

published reports and ongoing research vary in their 
definition of AFMR  (2). This overview examines the 
pathophysiology of AFMR and emphasizes the necessity for 
a uniform definition of AFMR. This will inevitably result in 
enhanced data integrity and a deeper comprehension of the 
management and treatment of AFMR (13-19) (Figure 1). 

Definition of isolated AFMR

Despite the growing body of evidence on the clinical 
manifestations and epidemiology of AFMR, the underlying 
histopathological alterations remain incompletely 
understood. This is largely due to the dearth of autopsy 
studies in this field. It can be postulated that the 
pathogenesis of this disease is based on anatomic principles. 
The base of the LA and the posterior mitral annulus to 
which it is enclosed are located within the LV inlet (20). 
Therefore, it is logical that when these structures widen, 
they must emergently ex-cede the confines of the ventricle. 
The displacement of the annulus towards the crest of the 
LV free wall results in the posterior mitral leaflet (PML) 
becoming tethered in a superior direction (towards the 
basal region). Meanwhile, the contracting PMs tether the 
leaflet in an inferior direction (towards the apical region), thus 
limiting its role in the process of coaptation. These geometrical 
changes, known as atriogenic leaflet tethering (ALT), were 
first identified by Silbiger (21). Subsequent identification 
was made echocardiographically by Machino-Ohtsuka and 
colleagues (22), as well as by Ito and colleagues (23). ALT 
is a clear indication that both Carpentier type 1 (annular 
enlargement) and Carpentier type IIIb (PML restriction) 
MR are present.

In consideration of the previously outlined pathogenic 
mechanisms, it is evident that isolated AFMR can 
unambiguously and precisely be described and characterized 
as FMR. The subsequent primary characteristics, depicted 
in Figure 2, are fundamental for an understanding of 
isolated AFMR. (I) Both the global and regional LV 
cavity and systolic function are within the normal ranges. 
Additionally, there is no vectorial shift of PMs. However, 
it should be noted that the LV may dilate during later 
stages of significant AFMR. (II) There is evidence of mitral 
annular dilation and LA enlargement. (III) The mitral 
valve’s systolic leaflet does not demonstrate the expected 
concave orientation towards the LV (24,40-45). 

It is conceivable that the degree of tethering may result 
in the leaflet coaptation point shifting apically to the line 
connecting the annular hinge points in an apical four-
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Figure 1 AFMR vs. VFMR: echocardiographic diagnostic deployment and pathogenesis (2,3) [adapted with permission from  
Nappi (3)]. Top: the following examples illustrate the normal, AFMR, and VFMR echocardiographic and color Doppler findings. In a 
normal mitral valve, the leaflets exhibit a concavity oriented towards the left ventricle (red arrow). In both AFMR and FMR, the mitral valve 
is straightened, and its concavity is lost due to tethering of the leaflets. In AFMR, this occurs as a result of severe enlargement of the LA and 
mitral annulus, which flattens the mitral valve leaflets. In VFMR, the enlarged left ventricle with global or regional systolic dysfunction, in 
conjunction with displacement of the papillary muscles, results in valve tethering. The mitral annulus and LA exhibit variable degrees of 
enlargement in VFMR. In AFMR, the mitral valve coaptation is typically not displaced apically, in contrast to VFMR. Bottom: a downward 
trend in the pathogenetic mechanism is illustrated. In AFMR, the initial pathogenetic mechanism is an elevated LA pressure, which 
subsequently induces severe enlargement of the LA and mitral annulus, accompanied by flattening of the mitral valve leaflets. VMFR results 
from a combination of LA stretch, remodeling, coupled with LA mechanical dysfunction, fibrosis, and electrical remodeling, ultimately 
leading to AFMR. AFMR, atrial functional mitral regurgitation; VFMR, ventriculogenic functional mitral regurgitation; EF, ejection 
fraction; AF, atrial fibrillation; LV, left ventricular; LA, left atrium; MR, mitral regurgitation; FMR, functional mitral regurgitation. 

chamber view. Nevertheless, this is not a precise indication 
and may vary (24,40-45). It is important to note that 
two features that do not define AFMR, increased leaflet 
thickness and MR jet direction, are not validated in this 
framework. 

Increased leaflet thickness

It is well established that valve regurgitation can frequently 
result from thickened leaflets caused by fibrosis and cellular 
conversion of the valve (25-27,46-49). Similarly, the same 
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Figure 2 Left: in instances of extensive left atrial remodeling, the posterior mitral annulus is observed to be pulled towards the epicardial 
surface of the posterior left ventricular basal wall. This phenomenon results in the posterior mitral leaflet being pulled, which in turn 
increases the annulopapillary distance. This ultimately leads to the development of AF-related leaflet tethering and an off-center eccentric 
mitral regurgitant jet. [adapted with permission from Silbiger (21)]. Right: top TEE displays a substantially enlarged LA cavity with no MV 
leaflet pathology and a regular LV. The bottom TEE reveals pronounced AFMR (21,24-39). AF, atrial fibrillation; LA, left atrium; LV, left 
ventricle; MV, mitral valve; PM, papillary muscle; A, anterior; P, posterior; TEE, transesophageal echocardiogram; AFMR, atrial functional 
mitral regurgitation. 

thickened leaflets have been identified in individuals 
with AFMR (24,40-45,50). This is consistent with the 
inflammatory nature of AF and AFMR-associated HF, 
which fosters profibrotic cellular and matrix alterations in 
the valve (10,24,25,28,41,42,44,45,48,51). Nevertheless, 
there are instances where more leaflet thickness is not 
consistently noted.

MR jet direction

A central jet of MR is a defining feature of AFMR and 
a common occurrence in VFMR. However, jets of an 
eccentric look do in fact arise from a number of diverse 
mechanisms. (I) Changes in VFMR may result in the 
overshoot of one leaflet, which will cause a jet to be ejected 
from the valve in an eccentric manner. (II) An alternative 
explanation is that the spatial configuration of the MV is 
tethered to a shorter posterior leaflet excursion, which 
results in a more posterior jet origin (the Coanda effect) (21). 
Adherence to the LA posterior wall gives the appearance 
of an eccentric jet. In reality, the jet is centered and drawn 

towards the adjacent LA wall (3,22,27,50). Multiple 
independent reports have confirmed a connection between 
posterior leaflet tethering angles and AFMR (8,23,26,52). 

This subtype of AFMR is relatively rare but tends to reach 
worse results [see Figure 2 (21,24-39)]. 

Clinical framework and potential coexisting 
status in AFMR

AFMR is  most ly  caused by disproport ionate  LA 
enlargement and mitral annular dilation, which leads to 
leaflet tethering and malcoaptation (15,17,21,22,46). There 
are two usual clinical setting that result in disproportionate 
LA enlargement and subsequent mitral annular dilation in 
the context of preserved LV function (26,46,47). Both AF 
and HFpEF are syndromes caused by LA remodeling and 
dysfunction, which must be considered when diagnosing 
and treating these conditions. AFMR is both a cause and 
consequence of atrial remodeling—a fact that has been 
well established (52). Elevated pressure levels within the 
heart can result in detrimental alterations to the anatomical 
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and functional structure of the left atrium in patients with 
HFpEF. It is essential that the LA be adequately dilated 
in order to achieve optimal compliance and reservoir 
function. Failure to perform this procedure may result in 
a reduction in the function of the LA booster pump. Both 
AF and HFpEF are associated with shared cardiovascular 
risk factors, which contribute to the exacerbation of both 
conditions.

Recent data clearly shows that hidden HFpEF is 
common among patients with AF who also have breathing 
difficulties, especially among those who don’t fully recover 
after sinus rhythm restoration (38). This has prompted 
various groups to identify a subtype of AFMR involving AF 
dominating HFpEF. This subtype is clearly distinguished 
by more severe LA myopathy that doesn’t correlate with 
the extent of LV failure (53-55). The unquestionable 
indicator of the advanced LA myopathy subtype in HFpEF 
is the presence of AFMR. This results in inadequate 
hemodynamics and exercise flow rate (56,57). A study 
conducted in a community setting found that approximately 
half of patients diagnosed with moderate-to-severe isolated 
MR had previously suffered from AFMR (9). The degree of 
severity of MR was not a significant factor in determining 
the outcomes associated with AFMR. Correction of 
LA myopathy demonstrated that the correlation was 
insignificant. This finding definitively proves that the degree 
of LA myopathy is more crucial than AFMR itself. This is 
yet more proof that treating AFMR in HF with preserved 
eject fraction improves LA myopathy and outcomes.

It is clear from the evidence that patients with AFMR 
demonstrate abnormal LA mechanics with reduced LA 
(storage) strain (8). Kuppahally et al. (58) demonstrated that 
patients with reduced LA strain exhibited a significantly 
higher prevalence of substantial atrial fibrosis as determined 
by delayed-enhanced cardiac magnetic resonance (CMR) 
imaging. It has been definitively demonstrated that reduced 
LA strain is inversely correlated with reduced atrial 
compliance. It has been definitively observed that reduced 
LA strain in patients with AFMR is correlated with higher 
mean LA and pulmonary artery systolic pressures. These 
findings indicate a significant increase in the LA V-wave 
height, disproportionate to the MR regurgitation volume. 
This is likely a result of poor LA compliance and warrants 
further investigation (59). Furthermore, the available 
evidence is not sufficiently robust to determine the causal 
sequence among AFMR, LA myopathy, and HFpEF. It 
seems reasonable to hypothesize that there is a bidirectional 
relationship between AFMR and LA myopathy (36). To 

direct the aforementioned questions, it is imperative that 
further prospective studies be conducted.

Mechanism of AFMR and its implication in VFMR 

FMR states that LV dysfunction is defined as a misbalance 
of forces that cause the MV to close during systole. The 
phenomenon is attributed to the augmented tethering 
forces and diminished closing forces generated by the LV 
(24,40-45). It is evident that tethering arises when the mitral 
leaflets are anchored via displacement of the PMs or annular 
dilation, either independently or in concert. Therefore, in 
the context of a typical LV geometry and feature, localised 
annular enlargement, which is a hallmark of AFMR, can 
lead to enhanced MV tethering (25,27,51,60-63). MR 
can be caused by an enlarged annulus that weakens leaflet 
alignment. This is not an exclusive only issue with AF. It 
can arise from any related annular expansion. It can be 
reasonably assumed that decreased annular area movement 
may also result in increased tethering (2-4,7-10). The 
phenomenon in question can be attributed to the expansion 
of any ad hoc annular structure, which can be demonstrated 
by the following points.

Systolic MR may display a biphasic pattern in many cases

In VFMR, MR mitral is characterized by two distinct 
peaks during the early and late systolic phases. These peaks 
exemplify the interplay between the closing forces and 
tethering. As a result, when the peak LV systolic pressure 
compels the MV leaflets to close, there is a reduction in 
the effective regurgitant orifice area (EROA) of the MR in 
mid-systole. This has been demonstrated in several studies 
(27,42-45,60,61,64-66) Nevertheless, additionally research 
is necessary to ascertain whether these mechanisms are 
applicable to AFMR.

Variable displacement of the point where the leaflets meet 
should be minimized for optimal cardiac functioning

In the event that tethering is observed, it can be noted 
that the leaflet coaptation point is displaced in the apical 
direction, away from the annular hinge points, in an apical 
four-chamber view. The degree of displacement is less 
pronounced in this instance than it is in VFMR. However, 
the shift depends on the extent of the annular stretch and 
the compensation of the leaflets, resulting in a variable level 
of regurgitation (2-6). Consequently, apical displacement of 
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the coaptation site represents a relatively minor mechanism 
in AFMR, when compared with the more significant effect 
of loss of leaflet concavity relative to the LV. The AFMR 
results in a mild tethering of the leaflets, as a consequence 
of the necessity for the leaflets and chordae to span the 
distance between the PM and the annulus. Despite the 
absence of motion observed in the PM as a consequence of 
LV remodeling, the persistence of leaflet tethering remains 
evident. It is important to highlight that there is a distinct 
lack of tethering in the realm of valve adaptation; this will 
be addressed in greater depth at a later point. An increase in 
the area of the leaflets serves to offset the effects of annular 
dilation, thereby restoring the leaflets to their normal 
position (2-6,8-10).

Decrease or leakage of the standard leaflet concavity 
towards the LV

Usually, when the LV is exerting pressure, the leaflets curve 
inwards towards it (as endorsed in Figure 3) (23,24,39-45). 
When opposing forces act against LV pressure, the leaflets 
lose their curve or curve inwards towards the LA. These 
opposing forces are transmitted through the chordae 
tendineae, which result in a straightening of the MV.

MV leaflet maladaptation

The existence of MV leaflet maladaptation is well 
established in both AFMR and VFMR. It is evident that 
mechanical shift of the PM results in mitral leaflet stretch, 
which subsequently initiates de novo growth in the surface 
area of the mitral leaflet (27,40,43,46-48). This in vivo 
evidence demonstrates that the restoration of the embryonic 
growth mechanism—endothelial-to-mesenchymal 
transformation—is responsible for the observed growth. 
Following a myocardial infarction, there are clear changes 
in the valve. The valve becomes smaller and stiffer, and its 
coaptation ability is impaired (26,27,46-50). Additionally, 
annular expansion is correlated with a de novo elevation in 
leaflet area (4,7). Nevertheless, this expansion is inadequate 
for larger annular regions, resulting in MR due to leaflet 
failure (23,24,43-45). A noteworthy aspect of this process 
is the lack of correlation between the adaptation of the 
valve leaflets and the posterior-predominant increase in 
the size of the expanding annulus (23,24,27,43-45,61,65). 

The presence of maladaptive de novo alterations of the 
valve in AFMR is accompanied by a notable thickening 
of the leaflets in these individuals (4,44,45). This finding 
aligns with the inflammatory typology associated with 

Figure 3 The echocardiographic images from a patient with AFMR caused by atrial fibrillation. (A) It is important to note that the mitral 
leaflets are confined to the annular plane (arrows). (B) There is a centrally directed MR jet. RA, right atrium; LA, left atrium; V; ventricle; 
MR, mitral regurgitation; AFMR, atrial functional mitral regurgitation.
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AF and AF-related HF. Furthermore, the observed 
endothelial-to-mesenchymal processing in the atrial 
wall of patients with AF is consistent with the findings  
(66-69). The aforementioned deficiencies with regard to 
leaflet adaptations are observed irrespective of significant 
AFMR developments. It remains to be seen whether a 
favourable change (8,10), as observed in postinfarction 
VFMR, can be achieved.

Epidemiology and evolution of AFMR

The increasing prevalence of AFMR and its impact on 
clinical outcomes are becoming increasingly apparent. It is 
hypothesized that as much as 33% of the cases of isolated 
and moderate-to-severe MR in Olmsted County may be 
attributable to AFMR. The majority of the patients were 
elderly women, and that a significant proportion of them 
exhibited a number of cardiovascular risk factors, along 
with AF (9,70). Although the condition appears benign 
with a relatively small EROA, ranging from 0.08 to  
0.20 cm2, it was found to be associated with significantly 
more unfavorable outcomes, including impaired LV 
diastolic function, increased systolic pulmonary artery 
pressure, and elevated rates of HF (9,70) when compared 
with those presenting with high-volume degenerative MR.

A further recent retrospective investigation, which 
concentrated on severe MR, corroborated the unfavorable 
outcomes observed with regard to degenerative MR (8). 

Moreover, AFMR was found to be associated with a 
higher 5-year mortality rate (up to 50%) than that of age- 
and gender-matched control arms (9,70). Nevertheless, it 
is crucial to acknowledge that the precise predominance 
of potential underpinning HFpEF could not be quantified 
through the epidemiological investigations conducted, as it 
was deemed highly likely.

In particular, the European Society of Cardiology (ESC) 
Heart Failure Registry estimated that 20% of patients with 
HFpEF exhibited moderate-to-severe FMR (71).

A review of the Acute Decompensated Heart Failure 
Syndromes (ATTED) registry (72) revealed that 1,800 
individuals presenting with acute decompensated HFpEF 
exhibited a higher predominance of mild or severe FMR 
at discharge, regardless of whether they had cardiovascular 
risk factors. Furthermore, mild MR was definitively related 
to hostile outcomes. This was observed regardless of 
whether patients were undergoing any pharmacological 
treatment and irrespective of whether they had AF. The 
adjusted hazard ratio was calculated at 1.40 for all-cause 

mortality and HF readmission, which is a significant 
figure. Currently, there is a paucity of data regarding the 
relationship between moderate-to-severe AFMR, LA 
myopathy, and subsequent prognosis. It is reasonable to 
hypothesize that the plethora of co-morbidities in patients 
with AFMR may be a contributor to an unfavorable 
global outcome. Nonetheless, latest epidemiological 
investigations have indicated that even mild forms of 
AFMR can have a deleterious impact. This indicates that 
minimized regurgitant volume may represent a significant 
prognostic factor in a nondilated, noncompliant LV with 
restrictive physiology as evidenced by the disproportionality 
concept of VFMR. Furthermore, there is a paucity of 
data concerning the dynamic characteristics of AFMR. In 
addition, it remains to be determined whether AFMR or 
underpinning LA myopathy in HFpEF contributes to poor 
hemodynamics and outcomes. A randomized controlled 
prospective trial is needed to determine whether reducing 
moderate or worse AFMR can improve patient prognosis, 
as both conditions often coexist. HFpEF is an effective 
treatment option, particularly since the presence of 
substantial leaflet tethering can complicate the management 
of AFMR.

Proposed approach for assessing the severity 
and quantification of MR

In accordance with the American Society of Echocardiography’s 
guidelines, a built-in strategy to assess the severity of AFMR 
is recommended (73). This involves utilizing color Doppler 
parameters and precise quantitative measurements of EROA 
and regurgitant volume, in conjunction with qualitative 
supporting signs including the density, profile and duration of 
the MR jet on continuous wave Doppler, as well as a pulmonary 
vein flow pattern and the mitral inflow E-wave velocity (74,75). 

A critical consideration is the timing of the echocardiographic 
evaluation. Cardioversion can significantly improve moderate 
or severe MR in individuals with sudden occurrence of trial 
fibrillation and accelerated ventricular response (10). Similarly, 
the recovery of sinus rhythm through ablation can markedly 
diminish the severity of MR in patients with AFMR.

However, assessment of the severity of MR is complicated 
by the presence of AF, especially in the presence of rapid 
or extremely irregular rhythms. Measuring MR severity, 
LV and LA volumes and strain during sinus rhythm or AF 
with a controlled heart rate and minimal R-R variation is 
strongly recommended (7). The indexed beat method can 
be utilized when selecting a beat for which both the MR jet 
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area and the volumes of both the LV and LA, respectively, 
are required for analysis. Comparative analysis of the R-R 
intervals prior to and following the observation under 
consideration indicates a range of similarity. Nevertheless, 
the specific methodology employed in most AFMR 
studies is insufficient to provide insight into the timing of 
measurements, the number of beats measured, heart rate, 
and R-R variability in AF. The dearth of such granular 
details renders it challenging to comprehend published 
reports and to contrast disparate research findings. 

Even in the absence of confounding factors, AF presents 
a challenge to the majority of conventional methods for 
assessing MR. For instance, the volumetric method (which 
subtracts LV outflow stroke volume from either LV stroke 
volume or mitral inflow stroke volume) presents additional 
challenges in the context of AF, given the inherent 
difficulties in accurately measuring cardiac function in 
this clinical scenario, dependent to the impact of heart 
rate variability. In the context of AF, the combination of 

an error in measurement and the 16–28% beat-to-beat 
variation in stroke volume reported in AF (76,77) renders 
the volumetric approach unsuitable.

The variability of the regurgitated orifice area, whether 
observed during an intra- or inter-beat period, poses a 
challenge for the difficult proximal convergence method. 
In addition, the common elliptical aperture shape observed 
in AFMR leads to an underestimation of MR when the 
standard proximal convergence formula is applied. This 
method may be improved in the future with advances 
in three-dimensional (3D) color Doppler. One has to 
acknowledge that even some of the indirect indicators of 
the degree of regurgitation may prove less reliable. One 
such indicator is pulmonary venous Doppler. It may show 
decreased systolic flow due to AF or increased LA pressure 
alone, without MR [Figure 4 (3)].

In order to accurately quantify the severity of AFMR, it 
is essential to determine the normal size and function of the 
LV. A number of published reports on AFMR have proved 

Figure 4 Outline the diagnostic criteria for the distinction between isolated AFMR and VFMR (45) [adapted with permission from  
Nappi (3)]. A schematic representation of the heart, illustrating the differences between AFMR and VFMR, is presented. The modified 
cardiac schematic rendering for AFMR and VFMR demonstrates notable distinctions that are influenced by the systolic phase (early, mid, or 
end-systole) of dimension assessment, particularly if not normalized. Additionally, gender plays a significant role, with significant differences 
observed between men and women. *, usually associated with giant left atrium. AF; atrial fibrillation; AFMR, atrial functional mitral 
regurgitation; CAD; coronary artery disease; HFpEF; heart failure with preserved ejection fraction; LA, left atrium; LV, left ventricle; MR, 
mitral regurgitation; PML, posterior mitral leaflet; VFMR, ventriculogenic functional mitral regurgitation. 
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that LV end-diastolic volume (LVEDV) remains within 
the normal range (3,4,7,8). This indicates that in cases of 
significant MR, the regurgitant volume is often lower than 
the typical 60 milliliters observed in primary MR and a 
remodeled, enlarged LV. A total stroke volume of 60 mL 
would result from a typical LVEDV of 100 mL and a 60% 
left ventricular ejection fraction (LVEF). However, 60 mL 
regurgitant volume, commonly associated with severe MR, 
is not achieved. The regurgitant fraction has been estimated 
to be approximately 50% in an individual with an EROA of 
0.2 cm2 and a regurgitant volume of 30 mL. Consequently, 
the assessment of the severity of AF with mild MR in 
patients with an appropriate LV size and function may 
necessitate the consideration of lower, quantifiable measures 
of regurgitant volume. There has been evidence that large 
LA volumes may be associated with AFMR. In addition, 
if the LA is compliant, it may be capable of tolerating the 
regurgitant volume. However, LA stiffening may occur 
even with low regurgitant volumes after extensive ablation, 
resulting in elevated LA pressures (78). To clarify the 
prognostic significance of both EROA and regurgitant 
volume in AFMR, large cohort studies would be required. 
Nevertheless, these studies will necessitate meticulous 
attention to both quantitative methodology and temporal 
aspects, as previously observed in this review [Figure 4 (3)].

The absence of longitudinal investigations may 
hinder our understanding of the pathophysiology and 
natural history of the disease. For example, AFMR may 
indicate that LV dilation occurs concomitantly with an 
enlargement of the mitral annulus and left atrium. The 
sequence of events can be most precisely assessed when 
successive studies explicitly identify the sequence of events. 
Subsequent, more prolonged studies are necessary to 
address this issue. Longitudinal studies must be conducted 
to elucidate the natural history of AFMR and to assess the 
progression rate to VFMR [Figure 4 (3)].

Evaluation of AFMR with magnetic resonance 
and cardiac computed tomography (CT)

It is recommended that two-dimensional (2D) and 3D 
echocardiographic techniques be employed to optimise 
the assessment of LV size, function, mitral apparatus, 
annular size, and LA size in order to identify the underlying 
mechanism of MR. Echocardiography is currently the most 
widely used method for evaluating MV morphology and 
hemodynamics. Its explanatory nature and accessibility 
make it an ideal choice for this purpose. In instances 

where echocardiography is not an appropriate diagnostic 
tool or additional information is required, CMR and 
CT can be employed to assess AFMR. In the event that 
echocardiography is of insufficient quality, CMR and 
CT can provide a 2D or 3D assessment of mitral leaflet 
morphology, mitral annular size, and its geometric 
impairment across the cardiac cycle. Additionally, they 
can assess tethered leaflet motion and orifice opening. 
Both CMR and CT are not constrained by inadequate 
imaging windows or the subject’s body shape. Moreover, 
they can accurately assess the size and function of the LV 
and left atrium in real time. Nevertheless, cardiac gating 
is necessary for CMR and CT, and there is a potential for 
a decrease in image quality and difficulty in quantifying 
LVEF in patients with AF due to an irregular cardiac 
rhythm. CMR offers a comprehensive approach to cine 
imaging of the mitral apparatus. By precisely measuring 
the severity of MR, it enables the assessment of relevant 
hemodynamics. CMR has the potential to outperform CT 
in accurately detecting and characterizing annular sprains 
or anomalus patterns of leaflet motion due to the high 
temporal resolution of cine imaging (typically 40–45 ms). 
CMR phase-contrast imaging offers precise measurement of 
aortic systolic blood flow, which allows for the derivation of 
mitral regurgitant volume and regurgitant fraction. This is 
achieved by subtraction of LV stroke volume, which can be 
obtained from cine imaging. The use of CMR to quantify 
mitral regurgitant volume and fraction has been shown 
to be more reproducible than echocardiography (78). In 
addition, CMR provides a comprehensive assessment of LV 
remodeling. It includes measurements of chamber size, LV 
function, and tissue fibrosis (79,80). In patients with normal 
sinus rhythm, CT angiography is an accurate assessment of 
annular geometry as well as ventricular and atrial volumes. 
Nevertheless, the absence of hemodynamic information 
precludes the use of CT angiography in establishing 
the severity of MR. In patients with FMR who undergo 
percutaneous edge-to-edge mitral repair, CT angiography 
has demonstrated the potential to predict procedural  
success (81,82).

Characterizing the pattern of myocardial scar, fibrosis, 
or infiltration using CMR imaging techniques such as late 
gadolinium enhancement imaging and T1 mapping can 
provide highly informative information about the severity 
and origin of the underlying cardiomyopathy that may 
predispose to the development of AFMR in individuals 
who have a number of risk factors for HFpEF or who have 
undergone thoracic radiation therapy and have evidence of 
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impaired LV diastolic filling. CT is capable of identifying 
and characterizing calcification within the mitral apparatus. 
The former is characterised by the formation of calcium 
deposits around the MV, whereas the latter involves the 
presence of caseous material, which is a type of necrotic 
tissue. In both cases, the calcification can lead to MR.

Treatment

Medical treatment and rhythm control

The Japanese Circulation Society’s 2020 guidelines for 
the management of heart valve disease suggest Class I 
recommendation for standard HF therapy for patients with 
AFMR who present with symptoms (83). It is recommended 
that the treatment regimen comprise diuretics, which have 
been shown to have the potential to reduce the volume of 
the left atrium.

A number of studies have indicated that the reduction of 
AFMR can be achieved through a combination of two main 
strategies: promoting atria/annular reverse remodeling and 
re-establishing atriogenic and ventriculogenic contributions 
to annular contraction. These approaches have been 
demonstrated to be effective in some minor clinical studies 
(14,18,84,85) A study revealed a decrease in the mean 
effective regurgitant orifice area from 0.27 to 0.15 cm2 
in 15 patients with persistent AF following an electrical 
cardioversion (84). Additionally, another research study 
demonstrated a mean reduction in vena contracta width 
from 0.40 to 0.21 cm in 47 patients with paroxysmal or 
persistent AF following catheter ablation and/or electrical 
cardioversion (18). In their investigation, Masuda and 
associates (86) observed that a substantial proportion 
(greater than three-fifths) of individuals diagnosed with 
moderate AFMR demonstrated at least one improvement in 
MR grade following catheter ablation. Additional in-depth 
research is necessary to determine the effect of rhythm 
control on individuals afflicted by AFMR. The existing 
corpus of evidence regarding the impact of rhythm control 
approaches on clinical prognosis in individuals with AFMR 
is currently inadequate to allow for a definitive conclusion 
to be drawn. A clinical investigation revealed that catheter 
ablation is an effective intervention, reducing hospitalization 
for HF and stroke by a significant margin when compared 
to subjects who received the best available treatment, 
including calcium channel blockers, beta blockers, digoxin, 
and antiarrhythmic medications over a 3-year study  
period (87). 

In addition to the aforementioned effects of decreasing 
myocardial MR and enhancing LVEF, rhythm control is 
also associated with the mitigation of circulating brain 
natriuretic peptide levels, as demonstrated in studies 
involving patients with HFpEF and AF (86,88). The 
impairment of diastolic function can be evidenced by a 
decline in the ratio between transmitral E-wave velocity 
(E) and mitral annular E0 velocity (E/E0) and the strain 
rate during isovolumic relaxation (E/SRIVR) (89). The 
Japanese Circulation Society’s 2020 guidelines for managing 
heart valve diseases suggest that catheter ablation may be 
a suitable option for patients with symptomatic persistent 
AF and severe MR. This approach is classified as a Class 
IIa recommendation, contingent upon the likelihood of 
maintaining sinus rhythm.

Surgery

The 2020 Japanese Circulation Society guidelines for 
heart valve disease management indicate that surgical 
intervention represents a Class IIa recommendation for the 
treatment of symptomatic patients with severe MR who 
have demonstrated an inadequate response to standard HF 
therapies (83). Conversely, the 2020 heart valve disease 
guidelines issued by the American College of Cardiology/
American Heart Association (ACC/AHA) suggest surgery as 
an alternative treatment in symptomatic patients exhibiting 
severe MR, who have not responded to therapy for HF, AF, 
or comorbidities (90). The two recommendations are based 
on consensus (level of evidence: C), and further research 
is necessary to resolve the inconsistencies between them. 
In the context of valvular heart disease, the 2021 ESC 
guidelines for the management of AFMR currently lack 
formal recommendations for treatment. Nevertheless, the 
guidelines do acknowledge that surgical intervention and 
catheter ablation have proven to be efficacious treatment 
modalities, although the evidence supporting this assertion 
is limited (91).

There are several effective procedures for treating AFMR. 
These include addressing the MV annular component, 
correcting any leaflet prolapse, and restoring a normal 
heart rhythm (6,14-18). It is widely acknowledged that 
MV surgery typically involves restricted ring annuloplasty 
(92-95). It can be hypothesized that a significant annular 
area may hinder the coaptation process, particularly when 
the ring is substantially undersized. This, however, may 
potentially increase the risk of dehiscence and mitral 
stenosis. To avoid this complication, we have developed 
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a new, highly effective annuloplasty procedure that 
involves performing a doble row overlapping suture. This 
procedure will reduce the risk of dehiscence. In addition, 
it offers a more effective solution for leaflet restriction 
and a significant improvement in the tenting volume. We 
can confirm that there was no MV stenosis (96). In most 
cases, pseudoprolapse of the anterior mitral leaflet can be 
effectively addressed through restrictive annuloplasty (96). 

Another potential approach to consider is the use of 
autologous pericardium for patch augmentation of the  
PML (97). A potential limitation to the durability of this 
repair must be considered, given the tendency for leaflets 
to shrink and stiffen. However, it is crucial to highlight that 
the most compelling results, based on extensive follow-up 
data, were observed in patients with rheumatic MV disease 
who were treated with an anterior leaflet enlargement  
patch (98,99). 

A two-stage MV repair procedure that includes the 
valvular and subvalvular component with a relocation 
of the PMs is only indicated in the presence of a VFMR 
that is documented by a displacement of the PMs. In 
these patients, ventricular remodeling inevitably leads to 
dyssynchrony in the normal contraction of the PMs. If the 
leaflets are significantly tethered, undersizing alone may 
not be enough to restore normal geometry (8,100-106). 
In such cases, MV replacement may be a possible option 
to consider. MV replacement must be aimed at preserving 
the subvalvular apparatus to ensure the preservation of 
the architecture of the LV. This is the only way to prevent 
short-term ventricular dilatation (107,108). 

The precise purpose of restoring sinus rhythm during 
surgical repair of the MV in patients presenting with AFMR 
remains uncertain. In a retrospective study, it was observed 
that patients who underwent concurrent Cox maze IV 
procedures appeared to experience a higher level of freedom 
from recurrent MR after 3 years, with a 94% success rate, 
compared to a 44% success rate among those who did 
not undergo the procedure (109). Although the evidence 
presented may appear to be compelling, an analysis of 11 
AFMR surgical series has demonstrated that only 50% of 
persons who undergo MV repair undergo either the Cox 
maze or the CryoMAZE procedure (92,93). 

In the context of preferred surgical choice for AF, 
it is imperative to consider both the duration of the 
condition and the size of the left atrium (110). As 
regards the latter, restoring sinus rhythm is rendered 
unlikely when the diameter of the left atrium surpasses  
6 cm (111). Additionally, tricuspid regurgitation (TR), 

caused by enlargement of the tricuspid annulus, often 
occurs concomitantly with MR and AF (112).

In accordance with the 2020 Japanese Guidelines for 
Atrial Fibrillation and Mitral Regurgitation, surgical 
intervention of the tricuspid valve is advised for patients 
with AF and MR, as well as for patients with concomitant 
TR. Nevertheless, the specifics pertaining to tricuspid 
valve intervention with regard to annular size, the severity 
of TR, and right ventricular function remain unclear. This 
represents a Class IIa recommendation (83).

The potential benefits of addressing AF during tricuspid 
valve repair surgery in reducing the burden of TR remain 
uncertain, as there has been no systematic examination of 
this topic. Nevertheless, a study of patients who underwent 
MV surgery for MR and/or mitral stenosis in conjunction 
with tricuspid valve repair for mild to moderate TR 
demonstrated that failure to address AF during surgery was 
associated with an increased risk of a composite endpoint 
that included tricuspid valve reoperation, HF, and mortality. 
A few case series have indicated a reduction in the severity 
and symptomatology of MR following MV surgery  
(113-118). Deferm and colleagues (84) reported on the 
surgical outcomes of 97 patients with moderate to severe 
MR. Half the patients underwent tricuspid annuloplasty, 
and 30% had a Cox maze IV procedure. After 5 years, 
the mortality rate due to all causes was 15%. The 
hospitalization rate for patients with HF was found to be 
13% in this study. Sixteen percent of patients experienced 
a moderate or severe MR recurrence within 5 years of their 
initial diagnosis.

To date, the largest series of patients with AFMR 
undergoing surgical intervention has been reported, 
comprising 123 patients. In all patients, mitral annuloplasty 
was performed (111). In addition, 50% underwent tricuspid 
annuloplasty, and 60% received the maze procedure with 
LA appendage removal. In this collective of patients, the 
5-year survival rate was approximately 75%. A follow-up 
examination conducted at an advanced stage of the disease 
revealed that 5% of patients exhibited recurrent moderate-
to-severe MR (defined as a grade of >2). A median follow-
up period of approximately 3 years revealed that nearly 
three-quarters of patients maintained sinus rhythm (111).

It’s so important to have a team of experts looking after 
patients with AFMR. This team should include HF experts, 
interventional cardiologists, arrhythmia cardiologists, 
cardiac surgeons and HF managers. The team works 
together to help the patient find the best way to get better. 
They use the best treatments available (83,90,91). For those 
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with advanced disease and a life expectancy of less than a 
year, and for those with severe co-morbidities, it might be 
helpful to consider referring them to palliative care. The 
patient’s journey may take a different path than AFMR 
surgery. Sometimes, additional interventions may be needed, 
such as coronary artery bypass grafting, management of 
severe TR, and direct mechanical intervention to correct 
arrhythmias (90,91).

It’s so interesting how many different geometrical 
laws have been used to explain the success or failure of 
restrictive mitral annuloplasty (RMA) (63,95,103,106,119). 
There’s been a lot of excitement recently about subvalvular 
apparatus surgery, such as papillary muscle approximation 
(6,103), and PM sling (102,104,105,120), because it’s clear 
that we need a more holistic approach to treating MR that 
includes both the MV and LV with subvalvular apparatus. 
These procedures are designed to help relieve the geometric 
stress on the LV and the valve tethering caused by an 
asymmetrically dilated LV.

A lot of time and effort has been put into figuring out 
the best way to restrict the annulus for mitral annuloplasty. 
This is to make sure that the risks of stenosis, systolic 
anterior motion, and recurrent MR don’t happen because 
of overcorrection or undersizing (94,102). From a 
biomechanical perspective, undersizing the annulus would 
result in forces on the heart’s fibrous skeleton that may not 
align with the expected displacement vectors relative to LV 
dilation in these patients. It is possible that an imbalance 
of internal forces within the ventricle could potentially 
lead to a recurrence of MR. This is thought to be due 
to a shift towards an unstable mechanical equilibrium 
(50,63,121,122). 

Percutaneous intervention

Minimally invasive procedures for the treatment of MV 
regurgitation in patients with AF are currently available in 
three categories: edge-to-edge repair, direct annuloplasty, 
and indirect annuloplasty. Examples of devices used in 
these procedures include: MitraClip from Abbott Vascular, 
PASCAL from Edwards Lifesciences, Cardioband Mitral 
System from Edwards Lifesciences, and Millipede IRIS 
Ring from Boston Scientific for direct annuloplasty; 
Carillon Mitral Contour System from Cardiac Dimensions 
for indirect annuloplasty. A paucity of data is available 
regarding the utilization of transcatheter heart valves in 
patients presenting with AFMR. A number of retrospective 
studies have examined the efficacy of transcatheter edge-to-

edge repair in patients with AFMR (123-126). 
A multicenter study conducted by the Spanish MitraClip 

registry (124) revealed that MR was acutely reduced from a 
mean of 3 to a mean of 4+ down to a mean of ≤2+ in 94% of 
patients. Prior to the procedure, 90% of patients exhibited 
functional limitations consistent with New York Heart 
Association (NYHA) classification in functional classes III 
to IV. Following 12 months, 20% of patients demonstrated 
functional limitations in NYHA class III, while none were 
classified as NYHA class IV. Nevertheless, a significant 
number of patients (20%) exhibited a recurrence of 
MR above grade 2 within the initial 12-month period. 
Furthermore, a 12-month median follow-up period was 
recorded in the MITRA-TUNE registry, a multicenter 
Italian registry dedicated to the transcatheter treatment 
of FMR. The findings indicated an MR recurrence rate 
of approximately 11% over a mid-term period (125). 
This evidence lends support to the hypothesis that there 
has been a consistent reduction in the anteroposterior 
and intercommissural annular dimensions (125). It is 
noteworthy that a reduction in the anteroposterior 
dimension subsequent to transcatheter edge-to-edge 
repair is associated with fibrosis induced by the MitraClip. 
This ultimately results in the de novo formation of a tissue 
bridge between the anterior and posterior segments of the 
annulus. However, it remains to be seen how this long-
term structural modification will affect the severity of  
MR (125,126).

The European Registry of Transcatheter Repair for 
Secondary Mitral Regurgitation has documented a total 
of 126 cases of symptomatic AFMR, which is the most 
extensive group of patients with the condition to date. The 
registry data affords insights into real-world settings. A total 
of 87% of registrants achieved procedural success, which 
is defined as a MR of 2+ or less. The 2-year survival rate 
was 70%. Prior to repair, approximately 90% of patients 
were classified as belonging to NYHA functional class III/
IV, whereas approximately 40% were classified as belonging 
to this class following the procedure. In addition to the 
presence of NYHA functional class IV and right ventricular 
dysfunction, defined as a ratio of tricuspid annular plane 
systolic excursion to pulmonary artery systolic pressure 
below 0.34 mm/mmHg, were identified as significant, 
independent predictors of 2-year survival (127).

A recently conducted substudy of  the COAPT 
(Cardiovascular Outcomes Assessment of the MitraClip 
Percutaneous Therapy for Heart Failure Patients with 
Functional Mitral Regurgitation) trial (62) compared 
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echocardiographic characteristics of patients exhibiting and 
not exhibiting AF. It is noteworthy that patients with AF 
demonstrated a less pronounced reduction in LVEF and 
a lower incidence of LV enlargements, while exhibiting a 
higher prevalence of LA and mitral annular enlargements. 
The investigators of the COAPT study concluded that 
these modifications exhibit a distinctive FMR phenotype, 
exhibiting characteristics of both AFMR and VFMR. The 
enlargement of both the atria and the annulus are largely 
attributed to the effects of AF. Conversely, the development 
of LV abnormalities is primarily the result of severe MR-
related volume overload.

Despite the lack of extensive investigation, it can be 
posited that the occurrence of recurrent MR following 
transcatheter edge-to-edge repair may be predicted by 
several key factors. These include a wide posterior leaflet 
angle, the presence of significant annular enlargement, 
pseudoprolapse and jet eccentricity, and a shortened residual 
PML. The Italian MITRA-TUNE registry revealed that 
patients with a pre-procedural inter-commissural annular 
diameter exceeding 34 mm exhibited worse outcomes, 
including higher all-cause mortality and HF hospitalization 
rates (125).

Further investigation is warranted. However, it seems 
prudent to conduct routine echocardiographic monitoring 
for recurrent MR following transcatheter edge-to-edge 
repair, particularly in patients with elevated-risk MV 
morphology and/or eccentric jets. While transcatheter 
edge-to-edge repair is capable of reducing MR and 
improving symptoms, its approach to treating annular issues 
is valvular (125). However, it is currently unclear whether 
restoring sinus rhythm to address annular enlargement 
results in an additional reduction in MR, and further 
randomized trials are needed to assess the efficacy of this 
combined treatment.

For those with AFMR who are at increased surgical risk 
or who have anatomy that is not conducive to transcatheter 
edge-to-edge repair (e.g., those with a small annulus or a 
thick septum), transcatheter annuloplasty devices may be a 
viable alternative (126,128,129). In a clinical investigation of 
15 patients with moderate-to-severe AFMR, implantation 
of the Carillon device was associated with a significant 
reduction in annular anteroposterior diameter (4.3 vs.  
3.8 cm; P<0.05) and effective regurgitant orifice area (0.28 
vs. 0.20 cm2; P<0.05) within 3 months (128). The statistical 
significance of the result could not be confirmed by a benefit 
in clinical symptoms because the reported results and short-
term follow-up were not sufficiently robust to demonstrate 

this effect. A second study, which employed a relatively 
small sample size, compared the efficacy of the Carillon 
device to that of the MitraClip in managing patients with 
HF and AFMR. After 12 months, no significant difference 
in functional status was observed (129).

Moving from an integrated approach to managing AFMR

There is currently no widely agreed upon approach to 
managing patients with AF and AFMR due to insufficient 
data. Nevertheless, it is imperative to recognize that 
patients with AF and mild MR (1–2+) may experience 
symptoms resulting from LV diastolic dysfunction and must 
be treated accordingly. While the evidence is inconclusive 
regarding the efficacy of rhythm control in reducing 
MR severity, other benefits of this approach justify its 
implementation. The Early Treatment of Atrial Fibrillation 
for Stroke Prevention Trial (EAST-AFNET) (130), which 
was conducted by a team of researchers from multiple 
countries, demonstrated that restoration of sinus rhythm 
within 1 year of the onset of AF was associated with a 
reduction in the incidence of cardiovascular death, stroke, 
hospitalisation for HF and acute coronary syndrome, 
compared to a rate-control strategy. The de novo recovery 
of sinus rhythm is also associated with a reduced probability 
of haemodynamic decompensation resulting from AF 
with a rapid ventricular response. It is recommended that 
rhythm control strategies be pursued regardless of the 
severity of MR or the presence or absence of symptoms. 
Patients presenting with advanced MR (grades 3–4) should 
be referred for surgical or transcatheter intervention, based 
on the estimated surgical risk and interdisciplinary heart 
team assessment. Asymptomatic patients with a MR of 3 to 
4+ require periodic clinical and echocardiographic follow-
up to detect deterioration of LV function, development of 
pulmonary hypertension, or signs of HF. In the event that 
these conditions are identified, an evaluation for surgical or 
transcatheter intervention should be initiated. Furthermore, 
rhythm control should be considered.

Prognosis 

It is of paramount importance to recognize that patients 
with AFMR represent a high-risk cohort. The patients 
frequently exhibit advanced age and a considerable array 
of concomitant conditions, including AF, hypertension, 
diabetes, and LV diastolic dysfunction. A longitudinal study 
of patients admitted to the hospital for HF and moderate-
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to-severe AFMR (89) revealed that over a third of patients 
required readmission within the median follow-up period 
of 9 months. In a recent study, Mesi and colleagues (8) 
observed a significantly higher mortality rate among 
patients with severe AFMR (41%) compared to those with 
severe primary MR (19%; P=0.004). It is also worth noting 
that patients with AFMR and eccentric MR jets exhibited a 
statistically significant trend toward increased mortality and 
higher hospitalization for HF compared to patients with 
central MR jets (P<0.07).

A glimpse into atrial functional TR (AFTR)

AFMR commonly results in AFTR, which stems from the 
dilation of the tricuspid annulus caused by enlargement 
of the right atrium (131). TR is the primary disorder in 
nearly 60% of cases, possibly due to the enlargement of the 
tricuspid annulus. The co-occurrence of severe AFMR and 
TR is rare (132).

The tricuspid annulus contracts during normal sinus 
rhythm, reducing its area by around 30%. This is greatly 
diminished in AF and is believed to exacerbate the general 
severity of TR (122). Annular enlargement associated with 
AFTR avoids the fibrous part of the tricuspid annulus, 
instead affecting the softer and lipid-rich segment of the 
annulus situated along the right ventricular free wall. As 
the septoposterior axis demonstrates the most significant 
increase in annular size (133,134), the posterior tricuspid 
leaflet experiences the most notable displacement, leading 
to uneven regurgitation in the area between the septal 
and posterior leaflets (134). It is uncertain if patients with 
AFTR experience adaptive leaflet growth, which could 
explain the variable severity of TR in individuals with 
similar levels of tricuspid annular growth. The mechanism 
of TR varies between AFTR and VFTR. In the case of 
AFTR, the right ventricle experiences volume overload, 
which typically restricts the tricuspid leaflets to the 
annular plane. Because ventricular remodelling tends to 
spare the more apical segments of the right ventricle that 
support the PM, leaflet tethering is rarely observed even 
in cases where TR is significant. In those cases where the 
right ventricle is affected, the right ventricle takes on a 
conical shape (134-137). However, in patients presenting 
with significant ventricular fibrillation with tachycardia 
due to left heart disease or pulmonary hypertension, the 
right ventricle exhibits a disproportionately apical shape 
accompanied by leaflet tethering. In such instances, the 
right ventricle typically assumes an oval or spherical shape 

(134,136). It is of paramount importance to recognize that 
echocardiographic measurement of the effective regurgitant 
orifice area may be underestimated in AF with TR due to 
the typical association of this lesion with a hemielliptical 
rather than a hemispheric convergence zone. Moreover, it is 
imperative to exercise caution when estimating the severity 
of TR through hepatic venous pulsed-wave Doppler, as 
systolic flow reversal may indicate loss of atrial function 
caused by AF, rather than severe TR (138).

Moderate to severe TR has a negative impact on 
survival, regardless of LVEF or pulmonary artery systolic  
pressure (139). Additionally, studies have demonstrated that 
isolated moderate to severe TR caused by electronic device 
leads (140) or a flail tricuspid valve can worsen survival (141). 
A study specifically focusing on patients with severe isolated 
TR reported that 42% of cases required hospitalization 
for right HF, 7% of cases resulted in death due to right 
HF, and the all-cause mortality rate was 29% over a 5-year  
period (116).

Despite the negative outlook linked to moderate-to-
severe TR when it is isolated, surgery is rarely carried out 
except when there is infective endocarditis. This is likely 
due to concerns about mortality rates in hospital, which 
are estimated at around 10% (142), as well as uncertainty 
surrounding long-term surgical results. As a result, surgical 
referral is often postponed until right ventricular dysfunction 
becomes intractable, making surgery unfeasible (143).

The treatment of AFTR is accomplished through 
the administration of diuretics. These agents relieve the 
symptoms associated with the disease by reducing the 
pressure within the right atrium. The efficacy of rhythm 
control in reducing TR severity is currently limited by 
a paucity of data. Nevertheless, one study suggests that 
restoring normal heart rhythm through catheter ablation or 
electrical cardioversion can significantly reduce right atrial 
volume from 29 to 23 mL/m2 and TR vena contracta width 
from 0.35 to 0.25 cm (12).

The heart valve disease guidelines published in 2020 
by the ACC and the AHA assign a Class IIa indication 
for surgery in patients suffering from symptomatic severe 
AFTR (90). Surgery has demonstrated noteworthy 
efficacy in alleviating symptoms, but its effect on 
survival rate merits further investigation. It is worth 
noting that surgery is most effective when carried out 
prior to the onset of right ventricular, hepatic and renal  
dysfunctions (143). Unfortunately, there is insufficient 
data available to determine the optimal timing of surgery 
based on TR severity, annular size, or right ventricular 
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function. When assessing right ventricular systolic function 
using echocardiography, it is critical to consider that the 
incompetent tricuspid valve may conceal the true extent 
of right ventricular dysfunction. Surgery is typically used 
to treat AFTR, with ring annuloplasty being the most 
common procedure.

Valve replacement (142) and leaflet augmentation (144) 

have been proposed as alternatives when there is a high chance 
of residual TR. The role of percutaneous interventions for 
patients with AFTR has yet to be established.

Conclusions

Further research is needed to determine cut-off values for 
left atrium and LV size and function, which will allow us 

to differentiate between AFMR and mixed AFMR/VFMR. 
Clinical trials comparing these treatments are necessary. 
Moreover, it is imperative to determine if integrating these 
approaches with restoring normal sinus rhythm will result 
in improved outcomes. There is a strong case for using 
specialised transcatheter heart valves in the mitral position, 
and further studies should investigate their effectiveness 
in treating patients with AFMR with confidence. Further 
investigation of the molecular basis of endothelial-
mesenchymal transition will undoubtedly result in the 
development of effective new treatments for individuals 
who lack sufficient growth of their valve leaflets.

Finally, a randomized trial comparing medical therapy 
with early surgical intervention in patients with AFTR would 
be a valuable addition to the existing literature (Figure 5). 

Figure 5 Clinical evaluation and diagnosis flowchart for AFMR [adapted with permission from Nappi (3)]. For detailed explanation and 
references see text. AF, atrial fibrillation; AFMR, atrial functional mitral regurgitation; AHA/ACC, American Heart association/American 
College of Cardiology; ESC, European Society of Cardiologists; FU, follow-up; GDMT, guideline-directed medical therapy; HFpEF, heart 
failure with preserved ejection fraction; LA, left atrium; LV, left ventricle; MR, mitral regurgitation; PML, posterior mitral leaflet; TEE, 
transoesophageal echocardiography; TTE, transthoracic echocardiography.
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