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Abstract
Background: Atrial Functional Mitral Regurgitation (FMR) is defined by mitral annular dilation and functional alterations 
without structural impairment of the leaflets or subvalvular apparatus. It is associated with higher cardiovascular 
mortality, being often characterized as an exclusion diagnosis due to the absence of more precise diagnostic criteria. 
Therefore, it is crucial to identify markers that distinguish it from other Mitral Regurgitation (MR) types.

Objective: To assess the accuracy of the intercommissural diameter of the mitral annulus and its value indexed to body 
surface area in differentiating atrial etiology in patients with MR.

Methods: This is an observational cross-sectional study with 109 patients diagnosed with moderate or severe MR. Data 
were obtained between October 2022 and January 2024, from transesophageal echocardiograms performed at a referral 
hospital in the city of Salvador-BA.

Results: The mean age was 69 ± 15, with 67 males and 28 cases of atrial etiology. The comparison between patients 
with MR of Atrial etiology versus Non-atrial etiology revealed significantly increased diameters of the intercommissural 
mitral annulus and its indexed value, with considerably larger diameters in the Atrial group (p = 0.009; 95% CI: 0.501 
to 3.507). The receiver operating characteristic (ROC) curve analysis identified an optimal cut-off value of 20.8750, in 
which the sensitivity and specificity were 67.9%. 

Conclusion: Indexing the mitral annular diameter to the body surface area improves diagnostic accuracy in identifying 
the atrial etiology of MR compared to diameter alone, supporting its potential role in more comprehensive diagnostic 
algorithms.
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Introduction
Mitral Regurgitation (MR) is one of the most prevalent 

valvular diseases in the world, with continuous advances 
in the understanding of its pathophysiology, diagnosis, 
and management.1-4 Among its etiological presentations, 
Functional Mitral Regurgitation (FMR) of atrial etiology stands 
out for its clinical relevance, especially in the context of Atrial 
Fibrillation (AF) and Heart Failure with preserved Ejection 
Fraction (HFpEF).1,2,5 It is characterized by mitral annulus 
dilation and functional alterations of the valve without 
structural compromise of the leaflets or the subvalvular 
apparatus. A detailed evaluation of the left atrium and mitral 

annulus is key for establishing a diagnosis.1,2,5 The increasing 
prevalence of AF and HFpEF highlights the importance of 
more accurate diagnostic and therapeutic strategies for 
FMR.1,6 This condition is associated with increased mortality, 
and interventions such as rhythm control have shown a 
potential to reduce its frequency.7

While AF is commonly associated with FMR, studies 
suggest that left  ventricular diastol ic dysfunction 
also contributes to atrial remodeling , playing a role 
in the development of this valvular disease.4,8,9 Its 
pathophysiological mechanisms include significant 
anatomical and functional changes. The phenomenon 
known as hamstringing , characterized by restricted 
movement of the posterior mitral leaflet, and bending, 
which is a pathological deformation of the leaflet under 
hemodynamic stress, directly impairs valve functionality. 
Moreover, changes in the ratio between the leaflets and 
mitral annulus area, associated with atrial tethering caused 
by posterior displacement of the annulus in response to 
left atrial enlargement, contribute to mitral coaptation 
deficiency. These changes show that FMR results from 
combined valve and atrial remodeling, and is not restricted 
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to the annular dimensions. These processes directly impact 
valve coaptation and worsen the severity of MR.10-12

Although the literature extensively discusses the 
pathophysiology of MR and its associated clinical and 
echocardiographic findings, there is a lack of studies 
focused on refining diagnostic criteria for this specific 
condition.5 Given this gap, the present study aimed to 
determine the accuracy of the intercommissural diameter 
of the mitral annulus and its value indexed to body surface 
area, as measured by transesophageal echocardiography, in 
differentiating atrial etiology in patients with MR.

Method
This is an observational, cross-sectional study, with 109 

patients with moderate or severe MR. Echocardiographic 
images were obtained by transesophageal echocardiography 
at a referral hospital located in Salvador-BA, in the period 
between October 2022 and January 2024.

Patients
Patients were selected through a convenience sample based 

on clinical indications for transesophageal echocardiography as 
determined by the attending cardiologists. The indication was 
based on clinical criteria, considering the need for a detailed 
assessment of the mitral valve and the severity of regurgitation 
for therapeutic planning. All patients with moderate or severe 
MR who underwent transesophageal echocardiography 
between October 2022 and January 2024, in either outpatient 
or hospital settings, were included. The exclusion criterion 
was the presence of only mild MR on transesophageal 
echocardiography or the presence of a prosthetic mitral valve.

The sample consisted of two groups: patients with MR of 
Atrial etiology (N = 25) and with Non-atrial etiology (N = 84).  
Between the groups, significant differences were observed 
in clinical and echocardiographic characteristics. The Atrial 
group had a higher median age (77 years, 95% CI: 73-84) 
than the Non-atrial group (67 years, 95% CI:  60-71;  
p < 0.001), in addition to a higher prevalence of AF 
(72% vs.  34%; p < 0.001). 68% vs. 67%, 95% CI: 60-71;  
p < 0.001). The Non-atrial group showed a higher 
proportion of male patients (68% vs. 68%, 95% CI: 60-71; 
p < 0.001). 42%; p = 0.019).

From an echocardiographic point of view, patients in the 
Atrial group had larger diameters in the mitral annulus, both in 
linear measurement (46.04 mm vs.  44.37 mm; p = 0.012) and 
in the index adjusted for body surface area (21.63 ± 1.86 vs.  
19.36 ± 2.48; p < 0.001).  Additionally, the left atrial volume 
was significantly greater in the atrial group (59.02 ml/m² 
vs. 38.00 ml/m²; p = 0.08). Other characteristics, such as 
Left Ventricular Ejection Fraction (LVEF) and E/e’ ratio, were 
not significantly different between the groups (p > 0.05).

Echocardiogram
Transesophageal echocardiography was chosen due to its 

superior ability to assess both the anatomical and functional 
aspects of the mitral valve.13-15 Echocardiographic images 
were obtained following a standardized protocol with high-
resolution equipment (GE Healthcare, E95). 

The intercommissural diameter of the mitral annulus was 
measured using the linear dimension of the intercommissural 
slice, obtained in a mid-esophageal view at 60º. In addition, 
two experienced evaluators classified MR into two groups: 

AUC: area under the curve; MR: Mitral Regurgitation.
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Atrial and Non-atrial, according to current guidelines. In 
cases of disagreement, a third evaluator provided a final 
classification.14  

The diagnosis of FMR was based on the following criteria: 
a dilated mitral annulus on transthoracic echocardiography 
(> 35 mm in systole on the longitudinal parasternal view), 
absence of primary mitral valve disease, significant left 
atrial dilation (indexed volume > 42 ml/m²) and absence of 
significant ventricular dysfunction (LVEF:  > 45%, assessed 
using the Simpson method).2,5,16 These criteria were applied 
to differentiate FMR cases and guide the analysis of the 
intercommissural diameter relevance as a diagnostic marker.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 

for Windows, version 27.0 (IBM Corp, Armonk, NY, USA).  In 
the descriptive analysis, categorical variables were presented 
as frequencies and percentages, while continuous variables 
were described by mean and standard deviation.  The 
normality of continuous variables was assessed using the 
Shapiro-Wilk test, adopting a p-value> 0.05 as the criterion 
for normality.

Comparisons between the Atrial and Non-Atrial groups 
followed different approaches depending on the variable’s 
nature. For categorical variables, the Pearson’s chi-square test 
was applied. Continuous variables with normal distribution 
were analyzed using the Student’s t-test for independent 
samples, with the effect size of significant differences being 
quantified by Cohen’s d. In cases of non-normal distribution, 
the Mann-Whitney’s U test was used to compare groups. A 
95% confidence level was adopted for all tests.

ROC curve analysis was performed to evaluate the 
diagnostic accuracy of mitral annular diameter and its 
indexed value in differentiating Atrial from Non-atrial MR.  
The C statistic was used as a quantitative measure of accuracy, 
with values above 0.7 indicating good discriminatory 
capacity. The Youden index was applied to determine the 
optimal cutoff point for identifying atrial MR based on the 
indexed mitral annulus.

Results
A total of 109 patients were evaluated, with a mean age of 

69 ± 15 years. Most participants were male, with a total of 
67 men (61.4%).  In the sample, 44% had a known diagnosis 
of AF, including 20 patients in the Atrial group and 28 in the 
Non-atrial group. The prevalence of AF differed significantly 
between the groups (p < 0.001) (Table 1).

Patients were categorized based on MR etiology, with 28 
(25%) assigned to the Atrial MR group and 81 (75%) to the 
Non-atrial group. The remaining participants, corresponding 
to 75% of the sample, formed the composition of the Non-
atrial etiology group.

A comparison of echocardiographic measurements 
between patients with MI of atrial and Non-atrial etiology 
revealed increased diameters of the intercommissural mitral 
annulus and its value indexed through the body surface, with 
larger diameters in the atrial group (Table 1).

The mean intercommissural mitral diameter in the Non-atrial 
group was 35.067 mm, while in the Atrial group, this value 
corresponded to 37.071 mm (p = 0.012; Cohen’s d: 0,580).

Regarding the indexed values, the mean mitral annulus 
diameter indexed by the body surface area in the Non-atrial 
group was 19.36 mm/m², while in the Atrial group, this was 
21.63 mm/m² (p < 0.001; Cohen’s d: 0.972) (Table 2).

The diagnostic accuracy of the mitral  annulus 
intercommissural diameter showed an area under the curve 
(AUC) of 0.659 (95% CI: 0.550 - 0.768), while the ROC curve 
analysis of the mitral diameter indexed through the body 
surface exhibited an AUC of 0.767 (95% CI: 0.675 - 0.859). 
The complementary analysis of the ROC curve identified an 
optimal cutoff value of 20.8750, at which the sensitivity and 
specificity were 67.9% (Graph 1).

These findings highlight the relevance of the indexed 
intercommissural diameter as a potentially superior diagnostic 
metric to distinguish Atrial from Non-atrial etiologies of MR 
(Central Illustration).

Discussion
The prevalence of FMR in our study (25%) is consistent 

with the average number reported in previous observational 
studies, reflecting the relevance of this condition.2,7,17 
Moreover, the analysis demonstrated that AF is a relevant 
marker for atrial etiology, with statistically significant 
differences between the Atrial and Non-atrial groups  
(p < 0.001). AF prevalence reached 71.4% in the atrial MR 
group, underscoring its strong association with this etiology.18-20 
These findings reinforce the importance of considering AF when 
identifying the atrial functional etiology in patients with MR.

In this study, a statistically significant difference was 
observed in the median ages between groups. Patients in the 
Atrial group had a higher median age (77 years; interquartile 
range: 73–84) compared to the Non-atrial group (67 years; 
interquartile range: 60–71; p < 0.001). This pattern is in 
agreement with data previously reported in the literature, 
which associates advanced age with a greater predisposition 
to the atrial etiology of MR.18,21,22 Aging is associated with 
structural changes such as Left Atrial dilation, which contribute 
to the development of FMR. These findings reinforce the 
relevance of age as a relevant pathophysiological factor in 
determining the etiology of MR.

In the Atrial etiology group, the gender distribution showed 
42.9% males and 57.1% females, indicating a slight female 
predominance.  In the Non-atrial group, the proportion of men 
was considerably higher, representing 67.9% of the participants (55 
of 81 individuals). The difference in gender distribution between 
the groups was statistically significant (p = 0.019), suggesting that 
gender may influence the etiology of MR. Although the exact 
mechanisms remain unclear, previous studies suggest anatomical 
and hormonal factors may contribute to atrial remodeling and the 
atrial etiology of MR development.3,5 However, these hypotheses 
still require further investigation.

In the Atrial group, LVEF showed a mean of 56.04 ± 7.53%, 
while in the Non-atrial group, the mean was significantly 
lower, reaching 44.42 ± 1.90% (p < 0.001). The preservation 
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of the ejection fraction in the atrial group reflects a striking 
characteristic of this group, since the reduction in LVEF, when 
present, occurs only in advanced stages of atrial FMR.21,23-25 
FMR is recognized as an important prognostic indicator in 
patients with AF and HFpEF. This condition is associated with 
a higher risk of progressive systolic dysfunction and reduced 
LVEF, factors that contribute to clinical worsening and adverse 
outcomes.26 These findings reinforce the need for careful 
monitoring of left ventricular function in this clinical context.

The behavior of the mitral annulus and the mitral annulus 
indexed by body surface area was of particular interest in this 
study. Prior research on the mitral annulus as a diagnostic 
tool for FMR has yielded conflicting results, with most studies 
relying on absolute measurements obtained via transthoracic 
echocardiography.27 This study utilized transesophageal 
echocardiography due to its superior precision in assessing the 
mitral valve, annular complex, and valve morphology.27-29 Body 
surface area indexing was used to ensure greater reliability of 
measurements, especially in heterogeneous populations.  This 
approach allows for a more standardized assessment adjusted to 
the individuality of patients, expanding its clinical applicability.20  
These factors reinforce the importance of indexing in the context 
of FMR, where diagnostic accuracy is essential. 

The intercommissural mitral annular diameter was 
compared between atrial and non-atrial MR groups, 
revealing significant differences in both absolute and 
indexed measurements.  The mean absolute diameter was 
35 mm in the Non-atrial group and 37.1 mm in the Atrial 
group (p = 0.012), with a Cohen’s d of 0.580, indicating 
a moderate effect size. When adjusted for body surface 
area, the difference became even more pronounced, with 
mean values of 19.35 mm/m² in the non-atrial group and 
21.63 mm/m² in the atrial group (p < 0.001, Cohen’s  
d = 0.972), indicating a large effect size. 

These findings confirm that indexing by body surface 
area enhances the detection of mitral annular changes, 

standardizing measurements to account for individual 
patient characteristics.  This approach is particularly useful 
in heterogeneous populations and may improve clinical 
decision-making by refining the differentiation between atrial 
and non-atrial MR.20,29

The analysis of diagnostic accuracy using the ROC curve for 
the intercommissural diameter of the mitral annulus revealed 
an AUC of 0.659 (95% CI:  0.550–0.768), indicating only 
moderate accuracy in distinguishing between the atrial and 
non-atrial groups. On the other hand, indexing the mitral 
diameter by body surface area showed superior relevance, 
with an AUC of 0.767 (95% CI:  0.675–0.859), reflecting a 
more robust diagnostic discrimination capacity.

Additionally, the ROC curve analysis identified an optimal 
cutoff value of 20.8750 mm/m², with sensitivity and specificity 
of 67.9%. These findings reinforce the potential of indexed 
diameter as a superior tool when compared to the absolute 
value of the valve annulus in diagnostic algorithms, offering 
greater accuracy in differentiating between atrial and non-
atrial etiologies of MR. 

While indexing the mitral annular diameter increased 
diagnostic accuracy compared to absolute measurements, 
limitations remain.  The C statistic and Youden index analysis 
suggest that, when used in isolation, the indexed annular 
diameter provides only modest diagnostic accuracy.  This 
underscores the need for more comprehensive diagnostic 
models that integrate indexed diameter with additional 
clinical and echocardiographic variables to improve atrial 
MR identification.

Conclusion
The findings support the use of indexed diameter as a 

superior metric over absolute annular size in diagnostic 
algorithms, offering greater accuracy in differentiating 
MR etiologies. However, incorporating this measure into 

Table 1 – Demographic and clinical data

Atrial group (N=28) Non-atrial group (N=84) p-value

Age - years 77 (73-84) 67 (60-71) < 0.001

Gender: Male, n (%) 12 (48%) 55 (65%) 0.19

AF, n (%) 20 (72%) 28 (33%) < 0.001

Dyslipidemia, n (%) 21 (75%) 42 (50%) 0.025

Stroke, n (%) 05 (18%) 13 (16%) 0.805

Previous Coronary Artery Disease, n (%) 07 (25%) 34 (40%) 0.141

Diabetes Mellitus, n (%) 07 (25%) 31 (37%) 0.204

Systemic Arterial Hypertension, n (%) 22 (78%) 48 (57%) 0.066

Chronic Renal Failure, n (%) 05 (18%) 14 (17%) 0.976

Weight (kg), n (%) 72.04 (70-74) 73.51 (72-75) 0.632

AF: Atrial Fibrillation.
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Graph 1 – ROC Curves for evaluating atrial etiology. (A) Non-indexed mitral annulus: AUC = 0.66 (95% CI: 0.550–0.768), indicating 
moderate discriminatory ability. (B) Mitral annulus indexed by body surface area: AUC = 0.77 (95% CI: 0.675–0.859), suggesting higher 
diagnostic accuracy. The reference line represents the absence of discriminatory power (AUC = 0.5). The curves were adjusted based 
on the dimensions of the mitral annulus (intercommissural length or indexed value) and reflect the population heterogeneity, highlighting 
the superiority of the adjusted index in distinguishing atrial etiology. AUC: area under the curve; ROC: receiver operating characteristic.
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Table 2 – Echocardiographic Data

Atrial group (N=28) Non-atrial group (N=84) p-value

Linear Measurement of Commissural Mitral Annulus (mm) 37.07 (32-40) 35.06 (25-43) 0.012

Indexed Mitral Annulus (mm/m²) 21.63 ± 1.86 19.36 ± 2.48 < 0.001

Linear Measurement of Left Atrium (mm) 46 (44-49) 44 (41-49) 0.732

Indexed Left Atrial Volume (ml/m²) 59.02 (57-61) 38.00 (35-41) 0.080

LVEF 61 (58-64) 42 (30-54) < 0.001

E/e’ ratio 12 (10-14) 10 (08-12) 0.315

LA: Left Atrium; LVEF: Left Ventricular Ejection Fraction; Kg: Kilograms; m: Meters; HR: Heart Rate; bpm: Beats per Minute.

broader diagnostic frameworks may further enhance its 
clinical utility.
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