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Abstract

Background: Functional mitral regurgitation (FMR) is associated with dilated cardiomyopathy (DC), heart failure (HF) and 
worsening left atrial function (LAF). Patients with DC and FMR may present left atrial dysfunction resulting from both 
ventricular dysfunction and valve disease, but it is unknown whether the presence of valve disease will lead to greater LAF 
impairment.

Objective: This study aimed to evaluate the relationship between LAF parameters and FMR degree in patients with DC.

Methods: This cross-sectional observational study included 214 patients with DC, 46 without FMR (control group) and 168 
with mild, moderate or severe FMR. An LAF analysis was performed by speckle tracking echocardiography (STE) and atrial 
volumetric variation.

Results: LAF analyzed by STE by means of reservoir strain, conduit strain and active contraction strain was reduced in the 
sample, with values ​​of 14.3%, 8.49% and 5.92%, respectively. FMR degree was significantly associated with reservoir strain 
(0.27 ± 0.16 versus 0.15 ± 0.09; p < 0.001) and contraction strain (19.2 ± 7.3 versus 11.2 ± 2.7; p < 0.001). FMR was 
also associated with a reduced LAF assessed by volumetric analysis: total atrial emptying fraction of 0.51 ± 0.13 versus 0.34 
± 0.11 and active atrial emptying fraction of 0 .27 ± 0.16 versus 0.15 ± 0.09 (p < 0.001).

Conclusion: In a population with DC, FMR was associated with reduced LAF assessed by STE and atrial volume variation. 
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Resumo

Fundamento: A insuficiência mitral funcional (IMF) está associada à miocardiopatia dilatada (MD), à insuficiência cardíaca (IC) e à piora da 
função atrial esquerda (FAE). A FAE pode decair tanto pela disfunção ventricular quanto pela valvopatia, mas não se sabe se esta leva a um 
prejuízo maior da FAE.

Objetivo: Avaliar a relação entre a piora de parâmetros de FAE com o grau de IMF, em pacientes com MD.

Métodos: Trata-se de estudo observacional transversal, que incluiu 214 pacientes com MD, sendo 46 sem IMF (controle) e 168 com IMF 
discreta, moderada ou grave. A análise da FAE foi realizada por ecocardiografia por speckle tracking (STE) e por variação volumétrica atrial. 

Resultados: A FAE, analisada por STE– por meio do strain de reservatório, conduto e contração ativa – encontrou-se reduzida na amostra, 
com valores respectivos de 14,3%, 8,49% e 5,92%. O grau de IMF associou-se significativamente com os valores do strain de reservatório 
(0,27±0,16 versus 0,15±0,09; p <0,001) e de contração (19,2±7,3 versus 11,2±2,7; p <0,001). A IMF também apresentou correlação com 
a redução da FAE avaliada por análise volumétrica, observada pela medida da fração de esvaziamento atrial total (FEAT): 0,51±0,13 versus 
0,34±0,11 e da fração de esvaziamento atrial ativa (FEAA): 0,27±0,16 versus 0,15±0,09 com p <0,001. 

Conclusão: Em uma população com MD, a presença de IMF associa-se à redução da FAE de reservatório e de contração, avaliada por STE e 
pela variação volumétrica atrial.
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Introduction
Mitral regurgitation (MR) is characterized by blood regurgitation 

into the left atrium (LA) during ventricular systole. Functional 
MR (FMR) results from valve geometry changes induced by left 
ventricular (LV) dilation that separates the papillary muscles, or 
from annulus dilation due to atrial enlargement that creates a 
central area of poor valve leaflet coaptation and, subsequently, 
reflux into the LA. The most common causes of FMR are 
myocardial ischemia and dilated cardiomyopathy (DCM).1-3

It is difficult to estimate the epidemiology of FMR due to 
differences in definitions in the literature, but some studies suggest 
that about 40% of patients with DCM will develop FMR.4-6 Data on 
the Brazilian population show that the main etiologies of DCM are 
ischemic, hypertensive, and dilated idiopathic heart failure (HF), 
which affect 30.1%, 20.3% and 14.6% of patients, respectively.7

The LA is a functional cavity that works as a volume reservoir 
and contractile myocardium and plays a crucial role in cardiac 
performance.8 LA function (LAF) is classically divided into three 
phases (reservoir, conduit, and active contraction), which can 
be obtained through two-dimensional echocardiography by 
speckle tracking (STE) or atrial volume variation.9-11 Good LA 
functioning is even more important in patients with HF since 
atrial output can correspond to up to 30% of cardiac output, 
something relevant in patients with LV dysfunction.10

Patients with DCM and FMR may have atrial dysfunction 
resulting from ventricular dysfunction and valvular heart 
disease, but whether the presence of valvular heart disease 
leads to greater LAF impairment it is unknown. This study 
aimed to evaluate the correlation between LAF worsening 
assessed by STE and phasic volumetric variation and the degree 
of FMR in patients with DCM.

Method

Population
This cross-sectional observational study enrolled patients 

who underwent HF treatment in a specialized tertiary hospital 
in 2007–2011. The inclusion criteria were sinus rhythm; 
left ventricular ejection fraction (LVEF) < 40%; and mild, 
moderate, or severe MR with functional characteristics on 
two-dimensional echocardiography. The exclusion criteria 
were history of acute myocardial infarction or unstable angina 
less than 90 days before the examination; acute myocarditis; 
history of organic (primary) valve disease or previous valve 
surgery; or echocardiographic image of inadequate quality. 
All participants signed an informed consent form, and 
the institution’s research ethics committee approved the 
study. Of the 280 patients who met the inclusion criteria, 
25 were excluded due to inadequate image quality or 
echocardiographic monitoring, leaving 255 participants for the 
analysis. Of them, data were available for FMR assessment for 
only 214: 46 had no FMR (control group), 124 had mild FMR, 
29 had moderate FMR, and 15 had severe FMR.

Echocardiography
Echocardiographic images were acquired using Vivid 7 

and Vivid E9 devices (GE Healthcare), and images were 

analyzed by advanced techniques (STE) on an appropriate 
workstation using EchoPAC PC® software version 6.0.1 
(GE Healthcare).

Echocardiography was performed with electrocardiographic 
monitoring following American Society of Echocardiography 
guidelines.12,13 FMR degree was assessed following the same 
guidelines, favoring quantitative measures such as effective 
regurgitant orifice (ERO; cm²) and regurgitant volume 
(RV; mL).14,15

Images were obtained in different phases of the cardiac cycle 
for LA volume measurements as recommended by Abhayaratna 
et al.16 Three volumes were obtained in apical four- and two-
chamber windows: maximum volume (at the end of ventricular 
systole), pre-P-wave volume (immediately before the P-wave 
on electrocardiography), and minimum volume (at the end of 
ventricular diastole). The reservoir function is represented by 
the total atrial emptying fraction (TAEF) and active contraction 
function by the active atrial emptying fraction (AAEF). TAEF is 
calculated as (maximum volume - minimum volume)/maximum 
volume. AAEF is calculated as (pre-P volume - minimum 
volume)/pre-P volume.

LA strain was analyzed by STE using the software originally 
developed for LV assessment. This evaluation was performed 
in apical four- and two-chamber views with six different 
segments analyzed in each. Each segment generated a regional 
atrial strain curve. The mean between these curves in both 
acquisitions was used to measure the reservoir function, 
which corresponds to the greatest positive longitudinal strain 
measured after the T wave by electrocardiography and the 
contraction function, which corresponds to the ascending 
P-wave strain. The conduit function corresponds to the 
difference between these values (Figure 1).17

Statistical analysis
Quantitative variables were subjected to the Kolmogorov-

Smirnov test for a normality assessment. Normally distributed 
variables are presented as mean and standard deviation. 
Non-normally distributed variables are described as median 
and interquartile range (Q1–Q3). Categorical variables are 
presented as percentages.

The Pearson’s and Spearman’s methods were used to assess 
the correlation between the variables representing LA function, 
the quantitative variables for FMR grading, and LVEF.

Analysis of variance was used to assess the association 
between atrial emptying volumes and fractions and reservoir, 
conduit, and contraction atrial strain values by FMR (mild, 
moderate, and severe).

Values of p < 0.05 were defined as significant in all analyses 
performed using SPSS software for Windows (version 20.0; 
IBM) and tabulated using Microsoft Excel 2003 software.

Results

Clinical characteristics
Most patients were men (62%), with a mean age of 59 ± 

13 years and New York Heart Association functional classes II 
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Figure 1 – Atrial strain phases by two-dimensional speckle tracking echocardiography in apical four-chamber view synchronized by QRS. The dotted curve in the center 
represents the mean between the regional strain curves with their reservoir and contraction strain peaks. The difference between them represents the conduit strain. 

and III. The most frequent comorbidities were arterial 
hypertension (62.7%), coronary artery disease (32.9%), and 
previous infarction (38.4%).

Most patients were on optimized treatment for HF, with 
angiotensin-converting enzyme inhibitors being used by 
65.7%, angiotensin 2 receptor blockers by 25.7%, beta-
blockers by 89.8%, and spironolactone by 72%.

Table 1 demonstrates the clinical characteristics of the 
study population.

Echocardiographic characteristics
Most patients in the study had significant LV dysfunction, 

with a mean LVEF of 29.7 ± 6.4%. The main echocardiographic 
variables are described in Table 2.

LA function
All atrial function components – reservoir, conduit and 

active contraction – measured by STE were significantly 
reduced in the sample by 14.3%, 8.49%, and 5.92%, 
respectively. LA volumes increased, with a mean of 45.3 ± 
17.2 mL/m² at maximum volume. The atrial function variables 
are described in Table 3.

The analysis of ischemic versus non-ischemic etiology 
showed no difference except for the maximum LA volume, 
which was greater in non-ischemic patients (Table 4).

Mitral regurgitation
FMR degree was significantly correlated with LAF 

assessed by a volume analysis using the total and active 
emptying fractions. The STE analysis showed that FMR 
degree was associated with reservoir and contraction 
strain. FMR degree was directly associated with increased 
LA volume and inversely related to LVEF. Table 5 shows the 
analysis of these data.

As for FMR quantitative variables, ERO and RV were directly 
correlated with atrial volume and inversely corelated with atrial 

function. LVEF showed the same correlation pattern but with 
a less strong association (Table 6).

Discussion
Two findings were especially relevant in this study: variables 

related to LAF reservoir and contraction were reduced 
in this sample of patients with DCM; and FMR degree 
was significantly associated with most echocardiographic 
parameters related to volume and LAF.

Ischemic MR severity was associated with all variables related 
to left atrial volume, atrial emptying fractions, and reservoir and 
active contraction strain, possibly due to MR pathophysiology 
in which the blood returns to the LA, increasing its pressure 
and dimensions and, consequently, reducing its function. The 
literature reports the same finding, mostly related to organic MR 
as no studies on FMR are currently available. A study of 144 
patients with FMR subdivided into groups 1 (absent or mild MR) 
and 2 (moderate or severe MR) reported a correlation between 
degree of regurgitation and left atrial volume, but parameters 
related to atrial function were not analyzed.18

As for prognosis, FMR is classically one factor associated 
with lower survival, worse functional class, and greater 
morbidity in DCM.19-23 However, it is unclear whether atrial 
dysfunction associated with this condition represents an 
additional adverse prognostic factor.

LA volume has been extensively studied and is currently a 
more reliable LA dimension measurement than anteroposterior 
diameter.24-27 In fact, it has prognostic value in several 
cardiovascular diseases.28-37

A European multicenter study of 371 healthy participants 
reported indexed LA volume, TAEF, and AAEF values of 
26.3 mL/m², 68.5%, and 43.1%, respectively.38 In our study, 
the atrial volumes were increased and the phasic function 
variables were decreased. Indexed LA volume, TAEF, and 
AAEF values were 45.3 ± 17 mL/m², 42 ± 15%, and 22 ± 
14%, respectively.

Source: Study patient image.

Reservoir strain

Conduit strain

Contraction strain
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Table 1 - Clinical characteristics of the population.

Variable
Value

(N = 255)
Sex
Male 158 (62)
Female 97 (38)
Age, years 59 ± 13
NYHA functional class
I 24 (9.4)
II 112 (43.9)
III 82 (32.2)
IV 37 (14.5)
Heart rate, bpm 68.9 ± 12.3
DM
No 189 (74.1)
Yes 66 (25.9)
SAH
No 95 (37.3)
Yes 160 (62.7)
CAD
No 150 (58.8)
Yes 105 (41.2)
Previous AMI
No 157 (61.6)
Yes 98 (38.4)
Chagas
No 225 (88.2)
Yes 30 (11.8)
Myocarditis
No 241 (94.5)
Yes 14 (5.5)
Previous rheumatic disease
No 254 (99.6)
Yes 1 (0.4)
Alcoholism
No 235 (92.2)
Yes 20 (7.8)
Other comorbidities
No 200 (78.4)
Yes 55 (21.6)
Drugs
Digoxin 68 (26.8)
Loop diuretic 200 (78.7)
Thiazide diuretic 22 (8.7)
Spironolactone 183 (72)
Angiotensin-converting enzyme inhibitors 167 (65.7)
Angiotensin 2 receptor blockers 65 (25.7)
Beta-blocker 228 (89.8)
Calcium channel blocker 15 (5.9)
Nitrate 39 (15.4)
Hydralazine 10 (3.9)
ASA 148 (58.3)
Statin 128 (50.4)
Other drug 122 (48.6)

AMI, acute myocardial infarction; ASA, acetylsalicylic acid; BMI, body 
mass index; BPM, beats per minute; CAD, coronary artery disease; DM, 
diabetes mellitus; NYHA, New York Heart Association; SAH, systemic arterial 
hypertension; SD, standard deviation. Values are shown as n (%) or mean ± 
standard deviation.

Table 3 - Atrial function variables and synchrony.

Variable Description
Maximum LA volume, mL/m2 (n = 214)
Mean ± SD 45.3 ± 17.2
Minimum LA volume, mL/m2 (n = 214)
Mean ± SD 27.6 ± 15.3
Pre-P LA volume, mL/m2 (n = 214)
Mean ± SD 36.7 ± 15.8
Total atrial emptying fraction, % (n = 214)
Mean ± SD 42 ± 15
Active atrial emptying fraction, % (n = 214)
Mean ± SD 22 ± 14
LA reservoir strain, % (n = 182)
Mean ± SD 14.3 ± 6.6
LA contraction strain, % (n = 181)
Mean ± SD 8.49 ± 5.01
LA conduit strain, % (n = 181)
Mean ± SD 5.92 ± 3.32

LA, left atrium; SD, standard deviation.

Table 2 - Echocardiographic characteristics of the population.

Variable Value
LA diameter, cm (n = 214)
Mean ± SD 4.65 ± 0.67
Median (min, max) 4.6 (2.8; 6.9)
VE end-diastolic volume, mL (n = 214)
Mean ± SD 196.9 ± 73.3
LV end systolic volume, mL (n = 214)
Mean ± SD 140.5 ± 59.3
LVEF (Simpson’s method), % (n = 214)
Mean ± SD 29.7 ± 6.4
Median (min, max) 0.3 (0.15; 0.4)
LV global longitudinal strain, % (n = 203)
Mean ± SD -8.14 ± 2.56
Diastolic dysfunction  (n = 213)
I 59 (27.7)
II 43 (20.2)
III/IV 97 (45.5)
Inconclusive 14 (6.6)
Mitral regurgitant volume, mL (n = 214)
Mean ± SD 22.7 ± 17.3
Mitral regurgitation ERO, cm² (n = 214)
Mean ± SD 0.15 ± 0.12
Mitral regurgitation (n = 214) 
Absent 46 (21.5)
Mild 124 (57.9)
Moderate 29 (13.6)
Severe (7)

ERO, effective regurgitant orifice; LA, left atrium; LV, left ventricle; LVEF, left 
ventricular ejection fraction; SD, standard deviation.
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These values tend to be lower in populations with DCM 
and LV systolic dysfunction. Triposkiadis et al. reported a 
correlation between AAEF reduction in idiopathic DCM and 
between a ischemic and control group (18 ± 10% vs. 32 ± 
10% vs. 36 ± 10%, respectively; p = 0.05).39 D’Andrea et 
al. reproduced this finding with an AAEF of 22.5 ± 10% for 
idiopathic DCM and 33.1 ± 9.3% for ischemic DCM.40 In our 
study, atrial function was reduced in the entire group and no 
differences were observed between the ischemic and non-
ischemic etiologies.

STE LAF values in patients with HF with reduced EF tend to 
be reduced as evaluated by Cameli et al., who found values 
of 13 ± 11.3% for reservoir strain and of 5.26 ± 5.54% for 
contraction strain in a group of patients with an LVEF < 30%.41 
Another study with a population with DCM and LVEF < 40% 
reported reservoir and contraction strain values of 12.3 ± 
3.6% and 6.2 ± 1.6% in patients with increased LV filling 
pressures, respectively.42 In our sample, reservoir, contraction, 
and conduit functions assessed by two-dimensional strain were 
also decreased at 14.3%, 8.49%, and 5.92%, respectively. 

Table 4 - Atrial function and synchrony variables according 
to myocardial disease etiology.

Variable Etiology PNon-ischemic Ischemic
Maximum LA volume, mL/m2     0.029
Mean ± SD 47.4 ± 18 42.1 ± 15.6  
Minimum LA volume, mL/m2     0.238
Mean ± SD 28.6 ± 16.1 26.2 ± 13.9  
Pre-P LA volume, mL/m2     0.083
Mean ± SD 38.2 ± 16.3 34.4 ± 14.7  
Total atrial emptying fraction, %     0.193
Mean ± SD 0.43 ± 0.15 0.4 ± 0.14  
Active atrial emptying fraction, %     0.358
Mean ± SD 0.23 ± 0.15 0.21 ± 0.12  
LA reservoir strain, %     0.259
Mean ± SD 14.8 ± 7.1 13.7 ± 5.8  
LA contraction strain, %     0.407
Mean ± SD 8.8 ± 5.5 8.2 ± 4.4  
LA conduit strain, %     0.207
Mean ± SD 6.2 ± 3.5 5.6 ± 3.1  

Student’s t-test. LA, left atrium; SD, standard deviation.

Table 5 - Echocardiographic parameters by degree of mitral regurgitation.

Variable Mitral regurgitation r pAbsent Discrete Moderate Severe
Maximum LA volume, mL/m2         0.495 < 0.001
Mean ± SD 33.7 ± 11.6 44.5 ± 14 54.7 ± 19.9 68.8 ± 18.6    
Minimum LA volume, mL/m2         0.515 < 0.001
Mean ± SD 17.2 ± 8.9 27 ± 13.1 37.7 ± 17.6 45.7 ± 15.5    
Pre-P LA volume, mL/m2         0.512 < 0.001
Mean ± SD 25.6 ± 9.5 36.4 ± 13.4 46 ± 18.9 55.4 ± 15.4    
Total atrial emptying fraction, %         -0.396 < 0.001
Mean ± SD 0.51 ± 0.13 0.41 ± 0.15 0.33 ± 0.11 0.34 ± 0.11    
Active atrial emptying fraction, %         -0.271 < 0.001
Mean ± SD 0.27 ± 0.16 0.23 ± 0.13 0.16 ± 0.09 0.15 ± 0.09    
LA reservoir strain, %         -0.324 < 0.001
Mean ± SD 19.2 ± 7.3 13.5 ± 6.3 12.2 ± 5.1 11.2 ± 2.7    
LA contraction strain, %         -0.408 < 0.001
Mean ± SD 12.25 ± 5.19 8.11 ± 4.58 6 ± 3.87 5.65 ± 2.42    
LA conduit strain, %         -0.007 0.932
Mean ± SD 6.98 ± 4.23 5.58 ± 3.42 6.21 ± 2.74 5.51 ± 1.96    
LVEF (Simpson’s method), %         -0.299 < 0.001
Mean ± SD 32.4 ± 5.4 29.3 ± 5.7 26.6 ± 4.9 28.1 ± 5.7    

Spearman correlation. LA, left atrium; LVEF, left ventricular ejection fraction; SD, standard deviation.

Table 6 - Atrial function variables, left ventricular ejection fraction, and quantitative parameters of mitral regurgitation.

Variable
 MR ERO  MR RV LVEF (Simpson’s)

Correlation p Correlation p Correlation p
Maximum LA volume, mL/m2 0.516 <0.001 0.521 <0.001 -0.254 <0.001
Minimum LA volume, mL/m2 0.502 <0.001 0.506 <0.001 -0.265 <0.001
Pre-P LA volume, mL/m2 0.480 <0.001 0.497 <0.001 -0.285 <0.001
Total atrial emptying fraction, % -0.373 <0.001 -0.381 <0.001 0.234 0.001
Active atrial emptying fraction, % -0.311 <0.001 -0.289 <0.001 0.088 0.202
LA reservoir strain, % -0.390 <0.001 -0.334 <0.001 0.344 <0.001
LA contraction strain, % -0.451 <0.001 -0.379 <0.001 0.275 0.001
LA conduit strain, % -0.109 0.189 -0.112 0.176 0.274 0.001

Pearson’s correlation. ERO, effective regurgitant orifice; LA, left atrium; LVEF, left ventricular ejection fraction; MR, mitral regurgitation, RV, regurgitant volume.
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No studies correlating these variables with the presence of 
FMR have been published.

The fact that we observed an association between LAF 
variables expressing reservoir and contraction functions and 
not between FMR and the conduit function may be because 
the latter is physiologically related to LV compliance and 
relaxation, which were likely to be homogeneously reduced 
in this DCM population regardless of FMR degree.

Further studies are needed to understand the prognostic 
impact of atrial dysfunction in the population with DCM 
and FMR, especially in terms of the genesis of atrial 
fibrillation, which has high morbidity and mortality rates 
among DCM patients.

Conclusions
Patients with myocardial ischemia and dilated 

cardiomyopathy (DCM) and Functional mitral regurgitation 

(FMR) present global left atrium function (LAF) impairment.

FMR is associated with increased atrial volumes and reduced 
phasic reservoir function and atrial contraction parameters.
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