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ABSTRACT
Background  Atrial functional mitral regurgitation 
(AFMR) arises from left atrial (LA) dilation, commonly 
associated with atrial fibrillation, and leads to 
progressive cardiac damage. This study evaluated the 
prognostic value of a novel echocardiographic cardiac 
damage classification system for patients with moderate 
or severe AFMR.
Methods  In a retrospective multicentre study, 1007 
patients with AFMR were stratified into four groups 
based on echocardiographic findings: group 1, LA 
damage (dilation); group 2, left ventricular damage 
(reduced ejection fraction and/or dilation); group 3, right 
heart damage (tricuspid regurgitation and/or pulmonary 
hypertension); and group 4, combined left and right 
heart damage. The primary outcome was a composite of 
all-cause death, heart failure hospitalisations and mitral 
valve (MV) interventions over a median follow-up of 3.0 
years.
Results  The cohort’s mean age was 78±10 years, 
with 56% female. Event rates for the primary outcome 
were progressively higher across groups 1–4 (31.0%, 
38.0%, 46.3% and 57.2%, respectively; p<0.001). 
After multivariable adjustment, group 4 was associated 
with a significantly higher risk of the primary outcome 
compared with group 1 (HR 1.65, 95% CI 1.29 to 2.11, 
p<0.001). This classification consistently stratified risks 
for individual components of the composite endpoint, 
particularly in patients without MV intervention.
Conclusions  A cardiac damage classification system 
based on echocardiographic parameters provides 
prognostic insights in patients with AFMR, identifying 
subgroups at higher risk of adverse outcomes. Future 
studies are needed to validate its use in guiding 
therapeutic decisions.

INTRODUCTION
Atrial functional mitral regurgitation (AFMR) is 
recognised as a significant subtype of mitral regurgi-
tation (MR), frequently associated with atrial fibril-
lation (AF) or underlying heart failure (HF) with 
preserved ejection fraction. These conditions lead 
to atrial enlargement, which causes the dilatation 
of the mitral annulus and subsequent MR devel-
opment.1 The mechanisms underlying AFMR are 
multifaceted, with various factors influencing MR 
severity. Several studies have identified left atrium 

(LA) dilatation and mitral annular dilatation as 
common mechanisms.2 3

The influence of AFMR can extend beyond the 
LA to other chambers of the heart. Although AFMR 
is generally characterised with preserved left ventric-
ular (LV) size and function, volume overload by 
significant MR can lead to mild LV enlargement and 
slight LV systolic and diastolic dysfunction.4 Addi-
tionally, progression of left-sided HF causes pulmo-
nary hypertension (PH) and functional tricuspid 
regurgitation (TR). TR can also occur by tricuspid 
annular dilatation due to AF.5 Consequently, AFMR 
identifies an under-recognised, high-risk subgroup, 
especially those with LV dilatation, concomitant TR 
and right ventricular dysfunction.6 7

However, the exact cascade of cardiac damage 
of AFMR remains undetermined. The prognosis 
in asymptomatic moderate and/or severe valvular 
heart disease is determined by the extent of cardiac 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Atrial functional mitral regurgitation (AFMR) is 
a subtype of mitral regurgitation (MR) driven by 
left atrial dilation, distinct from other functional 
MR types.

	⇒ While cardiac damage classification systems 
exist for other valve diseases, there has been no 
specific system for AFMR.

WHAT THIS STUDY ADDS
	⇒ A novel cardiac damage classification for 
AFMR based on echocardiographic parameters 
stratifies patients by risk of adverse outcomes.

	⇒ Combined left and right heart damage is 
associated with the highest risk of all-cause 
death, heart failure hospitalisations and MV 
intervention.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This classification system could enhance 
risk stratification and inform management 
strategies for patients with AFMR.

	⇒ Prospective studies are required to determine 
its utility in clinical decision-making and its 
potential impact on patient outcomes.
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damage associated with the valve disease.8 Although cardiac 
damage staging has provided independent and incremental prog-
nostic value in patients with degenerative MR and ventricular 
functional MR,9 10 the progression of cardiac damage in AFMR 
may differ from that in degenerative MR and ventricular func-
tional MR. We hypothesised that a cardiac damage classifica-
tion could enhance risk stratification in patients with AFMR. 
Furthermore, we assumed that damage to the right heart might 
pose a greater concern. This study aimed to assess the relation-
ship between a novel cardiac damage classification and the clin-
ical background overall and by severity of AFMR.

METHODS
Study population
The REal-world obserVational study for invEstigAting the prev-
aLence and therapeutic options for Atrial Functional Mitral 
Regurgitation (REVEAL-AFMR) was a multicentre, retrospec-
tive study that enrolled consecutive patients with AFMR across 
26 centres in Japan, including 17 university hospitals, 1 national 
centre, 3 public hospitals and 5 private hospitals. The study 
protocols were in accordance with the Declaration of Helsinki, 
and received approval from the institutional review board of 
Juntendo University, Japan, with each participating centre also 
approving the execution of the study. Given its retrospective, 
observational and non-invasive nature, the requirement for 
written informed consent was waived, and opt-out consent was 
used instead. Study details information, including the objectives, 
inclusion and exclusion criteria, clinical event, and names of the 
participating hospitals, were published on the publicly available 
University Hospital Information Network (UMIN-CTR, unique 
identifier: UMIN000046146), prior to patient enrolment. 
The design and patient enrolment of the REVEAL-AFMR has 
been previously described.11 Adult (≥20 years) patients with at 
least moderate AFMR in a stable condition, which was defined 
with the absence of primary changes on the mitral valve (MV), 
preserved LV ejection fraction (LVEF) ≥50% without regional 
wall motion abnormality, and an LA dilatation (LA volume index 
(LAVI) ≥38 mL/m2 for men, ≥41 mL/m2 for women; based on a 
previous report of the normal values of Japanese people12), were 
enrolled in a REDCap database between April and November 
2022.

Patient and public involvement
Patients and the public were not involved in the design, conduct, 
reporting, or dissemination plans of this research.

Cardiac damage classification
Patients who underwent transthoracic echocardiography from 1 
January to 31 December 2019 were hierarchically classified into 
the following categories (figure  1A): group 1, LA damage, as 
defined by LVEF ≥60% and LA dilatation (LAVI ≥38 mL/m2 for 
men, ≥ 41 mL/m2 for women); group 2, LV damage, as defined 
by LVEF between 50% and 60% and/or LV End-Diastolic 
Volume (LVEDV) Index >74 mL/m2 for men, > 61 mL/m2 for 
women;13 group 3, right heart damage, as defined by the pres-
ence of moderate-severe or severe TR and/or the presence of PH 
(pulmonary artery systolic pressure (PASP) ≥50 mm Hg); and 
group 4, left and right heart damage, defined as fulfilling both 
group 2 and group 3 criteria.

LVEF and volumes and LAVI were calculated using the 
biplane disk summation methods. E/e’ was calculated using the 
mean value of lateral and septal e’. PASP was calculated from 
TR pressure gradient and the size of inferior vena cava, and TR 

was graded with qualitative and quantitative methods as recom-
mended.14 The numbers of missing data for LAVI, E/e’, LVEF, 
LVEDV Index, PH, and the presence of TR were 62, 67, 0, 5, 
168 and 0 patients, respectively. A core laboratory independently 
re-analysed 100 randomly selected echocardiographic studies to 
ensure the reliability of echocardiographic data. This verification 
process revealed excellent concordance between the core labo-
ratory and site measurements, with intraclass correlation coeffi-
cients ranging from 0.82 to 0.99, underscoring the high quality 
of the echocardiographic data used in the study.11

Study outcomes
The primary outcome comprised a composite of all-cause death, 
HF hospitalisation and the clinical requirement of MV interven-
tions (including surgical MV repair, MV replacement and mitral 
transcatheter edge-to-edge repair), data regarding which were 
derived from electronic medical records. The electronic records 
used in our Cox models were collected during the period between 
April and November 2022. Additionally, secondary outcomes 
included all-cause death, cardiac death, HF hospitalisation and 
MV interventions assessed individually. Definitions for cardiac 
death and HF hospitalisation followed the American College of 
Cardiology/American Heart Association key data elements and 
definitions for cardiovascular endpoint events in clinical trials.15 
Telephone surveys were conducted with patients to confirm 
endpoints if over a year had elapsed since the patient’s last 
follow-up, and the data were based on the patients’ responses, 
which can be considered approximate.

Statistical analysis
Data were presented based on the type of variable, with contin-
uous variables shown as mean±SD or medians (IQR), and cate-
gorical variables as frequencies (%). The Jonckheere–Terpstra 
trend test was used to compare continuous variables, and the 
Cochran–Armitage trend test was employed to compare propor-
tions and investigate the trend of variables in cardiac damage 
classification. Kaplan–Meier curves visualised outcomes, with the 
log-rank test assessing differences. An exploratory analysis was 
conducted to assess the influence of AFMR severity on the rela-
tionship between cardiac damage classification and the primary 
outcome. This analysis involved stratifying the data based on 
AFMR severity. Moreover, all-cause death and its composite with 
HF hospitalisation were analysed, excluding patients who under-
went MV intervention. This exclusion was made in acknowl-
edgement of prior evidence indicating a significant impact of 
such interventions on these endpoints.11 Cox regression anal-
ysis was performed to determine the impact of cardiac damage 
classification, categorising for analysis. To account for clustering 
within participating hospitals, we applied a robust variance 
estimator in the Cox regression model. The multivariable Cox 
regression models incorporated cardiac staging and variables 
that were used in the previous analyses of this cohort.11 These 
were prespecified based on their association with the primary 
outcome in patients with HF. These variables included age, sex, 
body mass index, systolic blood pressure, New York Heart Asso-
ciation (NYHA) functional class II/III/IV, previous history of HF, 
EuroSCORE II, serum levels of haemoglobin and creatinine, 
and MR severity. The Cox regression findings were presented as 
HRs, 95% CIs and p values. Notably, 83 patients were excluded 
from the Cox regression analysis due to incomplete data on key 
variables, including essential echocardiographic parameters. An 
additional analysis was conducted focusing on patients who did 
not undergo MV intervention, aiming to further investigate the 
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Figure 1  Definition of cardiac damage classification and distribution. A definition and progression schema of cardiac damage classification based 
on echocardiographic characteristics, including LA size (LAVI), LV function (LVEF, LVEDV), PASP and TR presence in patients with AFMR (A) and 
distribution (B). AFMR, atrial functional mitral regurgitation; LA, left atrium; LAVI, left atrial volume index; LV, left ventricular; LVEDV, left ventricular 
end-diastolic volume; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic pressure; TR, tricuspid regurgitation.
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relationship between classification and natural prognosis. All 
statistical analyses were performed using SPSS Statistics Desktop 
V.28.0 (IBM, Armonk, New York). The reported p values were 
two-tailed with statistical significance established at p<0.05.

RESULTS
Trends in baseline characteristics across cardiac damage 
stages
Table  1 and online supplemental table 1 present the base-
line characteristics of a total of 1007 participants, stratified 
by cardiac damage classification. The cohort had a mean age 
of 78±10 years, 56% were female and 72% had moderate 
MR. Distribution of cardiac damage classification was as 

follows: group 1, 30.1% (303 patients); group 2, 40.3% (406 
patients); group 3, 9.9% (100 patients); and group 4, 19.7% 
(198 patients) (figure 1B). Trend analysis revealed significant 
correlations of advanced cardiac damage classification with 
increased age, decreased body mass index, and lower blood 
pressure. Notably, haemoglobin and albumin levels declined, 
while creatinine and blood urea nitrogen levels increased 
with the classification of right heart damage. An increase 
in the EuroSCORE II was observed, reflecting an increased 
surgical risk with the classification of right heart damage. 
Furthermore, the prevalence of permanent AF increased, and 
the duration of AF was longer, with more frequent anticoag-
ulation use. B-type natriuretic peptide (BNP) and N-terminal 

Table 1  Characteristics of the study population divided by cardiac damage classification

N

Group 1 Group 2 Group 3 Group 4

P value*(n=303) (n=406) (n=100) (n=198)

Age, years 1007 78±9 76±11 81±7 79±9 0.001

Female 1007 170 (56) 230 (57) 54 (54) 107 (54) 0.637

Body surface area, m2 1002 1.55±0.18 1.54±0.21 1.51±0.17 1.52±0.19 0.204

Body mass index, kg/m2 1002 22.3±3.2 22.3±3.7 21.8±3.5 21.5±3.3 0.018

Systolic BP, mm Hg 946 130±19 128±20 127±21 121±18 <0.001

Heart rate, /min 996 73±15 72±18 72±15 73±17 0.756

Haemoglobin, g/dL 988 12.2±1.8 11.9±2.1 11.4±2.2 11.2±1.9 <0.001

BUN, mg/dL 979 22±11 24±13 25±11 26±15 0.001

Creatinine, mg/dL 989 1.22±1.15 1.27±1.23 1.24±1.15 1.25±0.93 0.022

EuroSCORE II, % 1007 1.9 (1.3–3.7) 2.1 (1.3–3.5) 3.1 (2.1–4.7) 2.9 (1.7–5.2) <0.001

Permanent AF 1007 174 (57) 217 (53) 79 (79) 167 (84) <0.001

Duration of AF, month 706 60 (12–120) 48 (12–108) 91 (35–156) 108 (48–204) <0.001

BNP, pg/mL 542 160 (97–311) 193 (110–352) 327 (127–616) 215 (125–413) 0.001

NT-proBNP, pg/mL 342 1083 (428–2,094) 1123 (540–2,245) 1372 (375–2613) 1822 (750–3934) 0.012

NYHA class I 345 140 (46) 149 (37) 23 (23) 33 (17) <0.001

 � II 557 141 (47) 225 (55) 57 (57) 134 (67)

 � III 86 16 (5) 26 (6) 14 (14) 30 (15)

 � IV 19 6 (2) 6 (2) 6 (6) 1 (1)

Hypertension 1007 253 (84) 347 (86) 85 (85) 164 (83) 0.988

Prior HF admission 1007 47 (16) 105 (26) 33 (33) 86 (43) <0.001

RAS-I 1007 130 (43) 190 (47) 44 (44) 96 (49) 0.250

Beta-blocker 1007 143 (47) 206 (51) 53 (53) 98 (50) 0.441

Loop diuretics 1007 127 (42) 204 (50) 70 (70) 147 (74) <0.001

Echocardiography

IVSd, mm 1007 10±2 10±2 10±2 10±2 0.192

LVEDV, mL 1007 78±23 111±36 74±22 109±38 <0.001

LVEDV Index, mL/m2 1007 50±11 72±20 49±12 71±22 <0.001

LVESV, mL 1007 27±9 45±15 26±9 43±15 <0.001

LVEF, % 1007 65±4 59±6 65±4 60±6 <0.001

LA diameter, mm 1005 48±9 49±9 53±10 58±12 <0.001

LAVI, mL/m2 945 77±35 88±64 100±49 131±78 <0.001

PASP, mm Hg 839 33±8 33±8 49±13 50±13 <0.001

Mitral E wave, cm/s 996 98±28 98±27 107±24 112±28 <0.001

Mean E/e' 940 18±8 18±9 19±8 17±7 0.650

Moderate-severe/severe MR 1007 57 (19) 110 (27) 28 (28) 84 (42) <0.001

Moderate-severe/severe TR 1007 0 (0) 0 (0) 73 (73) 148 (75) <0.001

Data are expressed as mean±SD or median (IQR) or number (%).
*Values of p indicate the trend of variables in cardiac damage classification using the Jonckheere–Terpstra trend test for the continuous variables and the Cochran–Armitage 
trend test for the proportions.
AF, atrial fibrillation; BNP, B-type natriuretic peptide; BP, blood pressure; BUN, blood urea nitrogen; HF, heart failure; IVSd, interventricular septum dimension; LA, left atrium; LAVI, 
left atrial volume index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; MR, mitral regurgitation; 
NYHA, New York Heart Association; PASP, pulmonary artery systolic pressure; NT pro-BNP, N-terminal prohormone brain natriuretic peptide; RAS-I, renin angiotensin aldosterone 
system inhibitor; TR, tricuspid regurgitation.
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pro-BNP levels were elevated, aligning with worsening HF 
symptoms, paralleled by increased diuretics use. On echocar-
diographic findings, the classification of left and right heart 
damage correlated with greater LV and LA enlargement, 
reduced LVEF, and more pronounced PH and TR, without a 
consistent trend in E/e'. Additionally, MR severity incidents 
also tended to escalate with the progression of right heart 
damage.

Cardiac damage classification and study outcome
The median follow-up duration was 3.0 years (IQR: 2.0–3.2 
years) and the follow-up rate was 99.3% (997/1007). 
During follow-up, 387 patients experienced the primary 
outcome (189 all-cause death, 69 cardiac death, 141 HF 

hospitalisation and 143 MV intervention). Trend analysis 
demonstrated an increasing incidence of primary outcomes, 
all-cause death, cardiac deaths, HF hospitalisations, and 
clinically indicated MV interventions with the progres-
sion of right heart damage (online supplemental table 2). 
Kaplan–Meier analysis of the total population revealed that 
classification significantly stratified the incidence of primary 
endpoints (3-year event rates of 31.0%, 38.0%, 46.3% and 
57.2% for groups 1, 2, 3 and 4, respectively; log-rank test, 
p<0.001; figure  2A). Group 4 consistently exhibited high 
incidence rates across separate analyses of HF hospital-
isation, MV intervention (figure  2B–D) and cardiac death 
(online supplemental figure 1). A Cox multivariable hazard 
model (table 2), including the 11 variables, demonstrated a 

Figure 2  Kaplan–Meier analyses for clinical outcomes by cardiac damage classification. Cumulative incidence rates for the primary composite 
outcome (A), all-cause death (B), hospitalisation for heart failure (C) and mitral valve intervention (D), stratified by cardiac damage classification. 
Group 4 consistently shows the highest rates across all outcomes.
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significant association between cardiac damage group 4 and 
the primary outcomes, with an HR of 1.65 (95% CI 1.29 to 
2.11, p<0.001).

Exploratory analysis on cardiac damage classification
Kaplan–Meier curves for the primary outcomes based on the 
cardiac damage classification stratified in patients with moderate 
MR and those in patients with severe MR are shown in online 
supplemental figure 1. Regardless of MR severity, cardiac 
damage group 4 were significantly associated with an increased 
risk of the composite of all-cause death, HF hospitalisation and 
MV intervention (online supplemental figure 2A,B). The natural 
history of the disease analysed in the 864 patients who did not 
undergo MV intervention revealed 244 composite outcomes of 
all-cause death and HF hospitalisation (168 all-cause death and 
113 HF hospitalisation). Kaplan–Meier analysis of this group 
showed that group 4 consistently exhibited high incidence rates 
across analyses of the composite of all-cause death and HF hospi-
talisation, all-cause death, and HF hospitalisation (figure 3A–C). 
Furthermore, the cardiac damage group 4 was significantly asso-
ciated with the composite of all-cause death and HF hospitalisa-
tion (HR of 1.59, 95% CI 1.06 to 2.37, p=0.025) in this group 
(online supplemental table 3). Conversely, in patients with MV 
intervention, no significant relationship was observed between 
cardiac damage classification and clinical events (log-rank test, 
p=0.489; figure 3D). The median duration from enrolment to 
MV intervention was 580 days in group 1, 197 days in group 2, 
53 days in group 3 and 111 days in group 4.

DISCUSSION
In this extensive multicentre retrospective observational study, we 
systematically classified patients with AFMR into cardiac damage 
classification based on echocardiographic characteristics across 
a cohort of 1007 patients. Our exploration of the associations 
between cardiac damage classification, clinical characteristics and 
their impact on clinical outcomes has provided significant insights. 
Crucially, cardiac damage classification has emerged as an inde-
pendent prognostic predictor for clinical events. This prognostic 
significance remained robust even after adjusting for confounding 
factors, such as HF manifestations, EuroSCORE II and MR 
severity, highlighting its substantial predictive value.

Baseline characteristics and cardiac damage classification
AFMR is primarily characterised as LA dilatation and mitral 
annular dilatation,2 16 17 distinguishing it from the other 
subtype of functional MR that begins with LV dysfunction. 
AFMR is commonly observed in older patients, who have 
a higher prevalence of AF and have a larger LA than other 
aetiologies of MR.7 18 This predominance of LA damage 
in AFMR differs significantly from other studies focused 
on cardiac damage which often starts with LV dysfunc-
tion.8–10 19

The progression of cardiac damage in AFMR is signifi-
cantly influenced by factors such as ageing and the presence 
of permanent AF, which are closely associated with wors-
ening clinical manifestations. Moreover, AF is associated 
with increased dilation of the tricuspid annulus, resulting 
in TR irrespective of MR severity.20 This makes it difficult 
to interpret the association between the present group and 
TR in patients with AFMR. The incidence of functional TR 
associated with AF increases over time, with an incidence 
of 7.9 per 1000 person-years.21 In our present results, the 
proportion of patients in group 3, that is, patients with 
isolated TR and/or PH, was 9.9%. These patients may indi-
cate that right heart disorders do not necessarily succeed LV 
damage, as we had hypothesised in figure  1. However, as 
the prognosis of this group was between groups 2 and 4, it 
suggested that right heart damage may have a greater impact 
on prognosis than left heart damage.

Our trend analysis indicated that progression through 
cardiac damage classification was consistently associated 
with ageing,22 worsening HF symptoms, increased diuretic 
use and elevated BNP levels. Additionally, the increasing 
prevalence of permanent AF correlated with diverse clin-
ical manifestations in our cohort, further complicating 
the management of these patients. LA enlargement, MR 
severity and LV enlargement were also correlated with the 
progression through the cardiac damage classification. The 
progression of MR severity may be linked to the progres-
sion of both LV dilation and LA enlargement, as previously 
reported.4 23 These trends may explain that the progression 
through cardiac damage classification was closely linked to 
worsening clinical outcomes.

Table 2  Univariable and multivariable analyses for primary endpoint in the entire cohort

Univariate analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Group 1 (reference)

 � Group 2 1.40 (1.07 to 1.82) 0.009 1.35 (0.96 to 1.90) 0.079

 � Group 3 1.78 (1.23 to 2.57) 0.002 1.48 (1.01 to 2.09) 0.041

 � Group 4 2.43 (1.83 to 3.23) <0.001 1.65 (1.29 to 2.11) < 0.001

Age 1.02 (1.01 to 1.03) 0.002 1.01 (0.99 to 1.02) 0.161

Female 0.79 (0.65 to 0.97) 0.023 0.65 (0.50 to 0.83) 0.001

Systolic BP, mm Hg 0.99 (0.98 to 0.99) <0.001 0.99 (0.99 to 0.99) 0.004

Body mass index, kg/m2 0.95 (0.93 to 0.98) 0.003 0.98 (0.96 to 1.01) 0.250

NYHA functional class II/III/IV 1.92 (1.52 to 2.43) <0.001 1.38 (1.02 to 1.87) 0.034

Prior HF hospitalisation 2.19 (1.78 to 2.69) <0.001 1.48 (1.15 to 1.91) 0.002

Haemoglobin, mg/dL 0.85 (0.81 to 0.90) <0.001 0.90 (0.85 to 0.95) < 0.001

Creatinine, mg/dL 1.10 (1.02 to 1.18) 0.012 1.04 (0.96 to 1.12) 0.369

EuroSCORE II, % 1.06 (1.05 to 1.08) <0.001 1.03 (1.00 to 1.05) 0.045

Moderate-severe/Severe MR 2.38 (1.94 to 2.92) <0.001 1.97 (1.55 to 2.45) < 0.001

BP, blood pressure; HF, heart failure; MR, mitral regurgitation; NYHA, New York Heart Association.
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Association between cardiac damage classification and 
clinical outcomes
Our study indicated a significant association between cardiac 
damage classification as the clinical condition and outcomes in 
AFMR, including all-cause death, cardiac death, HF hospitalisa-
tions and MV intervention. Few studies have addressed these clin-
ical events in AFMR, emphasising the novelty of our findings in a 
multicentre large cohort. Previous research by Abe et al1 supports 
our findings, showing that factors such as age, NYHA functional 
class, prior HF hospitalisation, AFMR severity and TR severity are 
linked to increased clinical adverse events. This correlation under-
scores the importance of cardiac damage classification, which is 
associated with these factors, in predicting patient outcomes.

The severity of cardiac damage in AFMR significantly 
impacted clinical outcomes, with group 4, representing both left 
and right heart damage, showing the strongest association with 
adverse results. Group 4 was associated with an increased risk 
of all-cause death, and HF among patients who did not undergo 
MV intervention. In contrast, group 3 was predominantly asso-
ciated with higher rates of early MV interventions, possibly due 
to surgical intervention for TR or PH complications.1

Outcomes after MV intervention were similar among different 
cardiac damage states. This may indicate that there is no ‘point 
of no return’, although the number of events to draw robust 
conclusions was limited. To enhance the predictive accuracy of 
cardiac damage classification for treatment outcomes, further 

Figure 3  Outcomes by cardiac damage classification in subgroups with/without intervention. Cumulative incidence rates for the composite 
of all-cause death and hospitalisation for heart failure (A), all-cause death (B), hospitalisation for heart failure (C), patients without mitral valve 
intervention, and the composite of all-cause death and hospitalisation for heart failure in patients with mitral valve intervention (D). In the subgroup 
without MV intervention, group 4 consistently demonstrates the highest rates of adverse outcomes; among patients who underwent MV intervention, 
the outcomes across different damage groups did not show significant differences. MV, mitral valve.
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large-scale studies are essential, especially those that assess 
patients immediately before intervention.

Limitations
This study had several limitations. First, despite the multicentre 
observation involving 26 hospitals, all patients were Asian, 
potentially limiting the generalisability of our findings to other 
ethnicities. Future studies should include diverse populations to 
enhance applicability across various clinical settings and vali-
date the classification system. Furthermore, the classification 
in this study was based on a cross-sectional observation, and 
it does not necessarily reflect the longitudinal progression of 
AFMR. Longitudinal studies are needed to assess the dynamic 
progression of AFMR and refine stage transitions. Next, the 
diagnosis of AFMR and TR severity primarily relied on trans-
thoracic echocardiography, supplemented by transoesophageal 
echocardiography when feasible. However, all transthoracic 
echocardiographic analyses were carefully reviewed by cardiol-
ogists specialising in echocardiography, who received dedicated 
training equivalent to level III echocardiography training. To 
ensure diagnostic accuracy, we also validated the AFMR diag-
nosis in a subset of randomly selected patients, all of whom 
were confirmed to exhibit significant AFMR. Next, echocar-
diographic analyses were conducted onsite, yet validation at a 
core laboratory corroborated the measurements, demonstrating 
excellent concordance with the initial assessments.11 Addition-
ally, patients with LV enlargement, a group often excluded from 
prior studies, were included to broaden the understanding of 
the spectrum of AFMR. However, further longitudinal studies 
are needed to clarify whether such cases should be classified 
within AFMR or excluded under revised definitions. Moreover, 
the LVEF threshold of 50%–60%, used to define LV damage in 
this study, was exploratory and adapted from degenerative MR 
criteria. Future research should evaluate this threshold in the 
context of AFMR to better reflect its unique pathophysiology. 
Furthermore, the right ventricular function, commonly used 
in cardiac damage classification, could not be assessed. Future 
research should incorporate detailed assessments of RV and RA 
function to develop a more comprehensive classification system 
that better captures the complexity of AFMR. Lastly, this retro-
spective study is subject to potential survivor bias, as patients 
with severe conditions who did not survive follow-up were 
excluded. The absence of propensity score analysis to address 
this bias should be considered when interpreting the findings. 
Nonetheless, our approach highlights the potential variability in 
progression from LA damage and elucidates differences across 
classification, underscoring the novel contributions despite these 
limitations.

In conclusion, this cardiac damage classification in AFMR, 
based on echocardiographic assessment of atrial and ventric-
ular dysfunction, was closely associated with the progression of 
HF symptoms, AF and MR severity. Furthermore, this cardiac 
damage classification was significantly associated with adverse 
clinical outcomes in AFMR. However, further studies are needed 
to explore the potential for patient management using this classi-
fication in AFMR.
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