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ABSTRACT
Objective: Mitral annular calcification (MAC) is degeneration of the fibrous annular ring of the mitral valve. Left atrial (LA) function and volume 
have been evaluated by many methods; however, none have used real-time three-dimensional echocardiography (RT3DE) in patients with MAC. 
Our study is the first to evaluate LA volume and mechanical function using RT3DE in patients with MAC.
Methods: Our study was a prospective cross-sectional study. In total, 32 patients with echocardiographic evidence of MAC and 30 volunteers 
without MAC were enrolled in the study. Kolmogorov–Smirnov test, Student’s t-test, Mann-Whitney U test, chi-square test, Pearson’s correla-
tion test, and multiple linear regression analyses were used in this study.
Results: LA diameter was significantly higher in patients with MAC (38.5±3.8 vs. 31.1±2.9, p<0.001). Maximum LA volume (49.6±11.2 vs. 35.6±2.5, 
p<0.001), minimum LA volume (23.8±7.9 vs. 12.6±2.3, p<0.001), and LA volume index (LAVI) (26.9±6.1 vs. 20.5±2.4, p<0.001) were also higher in the 
MAC group. LAVI was correlated with age (p<0.001), blood urea nitrogen levels (p=0.089), total cholesterol levels (p=0.055), left ventricular sys-
tolic myocardial velocity (p=0.048), E/A ratio (p<0.001), and MAC (p<0.001). Multiple linear regression analyses revealed that age (β=0.390, 
p<0.001) and MAC (β=0.527, p<0.001) were independent predictors of LAVI.
Conclusion: We found that LA mechanical function was impaired in patients with MAC. Furthermore, age and MAC were independent predictors 
of increased LAVI according to our RT3DE examination. (Anatol J Cardiol 2016; 16: 42-7)
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Assessment of left atrial volume and mechanical functions using real-
time three-dimensional echocardiography in patients with mitral 

annular calcification

Introduction

Mitral annular calcification (MAC), described for the first 
time by Bonninger et al. (1), is caused by degeneration of the 
fibrous annular ring supporting the mitral valve. In addition to 
atherosclerosis, cardiovascular disease risk factors, including 
advanced age, hypertension, hyperlipidemia, diabetes, and 
obesity contribute to the development of MAC (2). MAC is 
associated with heart failure, coronary artery disease, and 
endocarditis (3-5). Several pathologies such as left atrial (LA) 
dilatation, hypertrophic cardiomyopathy, mitral regurgitation, 
atrial fibrillation, and aortic valve calcification are also associ-
ated with MAC (6).

LA function and volume can be evaluated by many methods, 
including two-dimensional echocardiography (2-DE) and cardiac 
magnetic resonance imaging (MRI) and angiography (7-9). Real-
time three-dimensional echocardiography (RT3DE) is a novel 
method that has been used to show volume changes in the left 
atrium during cardiac cycles (10-12). Correlated results can be 
achieved using RT3DE with MRI, which is the gold standard 
technique used to determine LA volumes (13, 14). However, more 
accurate volume measurements have been achieved with 
RT3DE compared with M-mode and 2-DE (15). Although some 
studies have evaluated LA function in patients with MAC using 
echocardiography, none have used RT3DE. Our study is the first 
to evaluate LA volume and mechanical function using RT3DE in 
patients with MAC.



Methods

Study design
This study was a prospective cross-sectional study per-

formed at the İnönü University Faculty of Medicine, Turgut Özal 
Medical Center. The study protocol conformed to the principles 
of the Declaration of Helsinki and was approved by the Inönü 
University Faculty of Medicine Ethics Committee. Informed con-
sent was obtained from all participants.

Study population
The study enrolled 32 consecutive patients with MAC who 

were admitted to our clinic for routine examination and 30 volun-
teers without MAC. Patients with a mitral valve area of <2.5 cm2 
or a mean transvalvular gradient exceeding 2 mm Hg were 
excluded from this study. Patients whose ejection fraction was 
<50% or those diagnosed with coronary artery disease, hyper-
trophic cardiomyopathy, atrial fibrillation, primary or secondary 
hypertension, moderate or severe rheumatic valvular disease, 
valvular stenosis, moderate or severe valvular insufficiency as a 
result of secondary or primary pulmonary hypertension, chronic 
obstructive pulmonary disease, cor pulmonale, hepatic impair-
ment, or malignancies were also excluded.

Study protocol
Age, gender, and other cardiac risk factors were recorded 

for all patients. Patients were asked if they had consumed cof-
fee or tea or smoked in the last 30 min, and blood pressure was 
then measured after they had rested for 5 min. Hypertension 
was defined as an arterial blood pressure of >140/90 mm Hg on 
at least 3 separate weeks or the use of anti-hypertensive medi-
cations for 3 months. The patients’ heart rate, body mass index 
(BMI; kg/m2), and body surface area (BSA; m2) were calculated. 
Fasting blood glucose, creatinine, blood urea nitrogen (BUN), 
total cholesterol, high-density lipoprotein (HDL) cholesterol, 
low-density lipoprotein (LDL) cholesterol, and triglyceride levels 
were measured.

Transthoracic echocardiographic assessment and tissue 
Doppler measurements were performed on all patients on the 
left side in the supine position using a Philips IE33 ultrasound 
with an S5-1 transducer (Philips Medical Systems, USA). 
Standard parasternal long-axis and apical 4-chamber, 2-cham-
ber, and 5-chamber images were obtained. M-mode, 2-D, Doppler 
[color flow, PW Doppler (PWD)], and tissue Doppler echocar-
diography images and measurements were evaluated. MAC was 
defined as thickness of the intense echo-producing structure, >3 
mm in width, located at the junction of the atrioventricular groove 
and posterior mitral valve leaflet on the parasternal long-axis, 
apical 4-chamber, or parasternal short-axis views in 2-DE (7).

The ejection fraction was calculated using Simpson’s 
biplane method (16). All measurements were performed in 3 
consecutive cycles, and the mean value was recorded. All 
Doppler measurements were performed at the end of expiration 

to avoid exposure to respiratory flow parameters. Em- and 
Am-wave velocities were measured with the sample volume 
using PWD from the mitral lateral annulus. From the same tissue, 
the Doppler image isovolumetric relaxation and contraction 
times (IVRT and IVCT, respectively) and deceleration time (dT) 
were calculated.

After electrocardiographic monitoring, real-time volumetric 
data were recorded from apical 2-chamber and 4-chamber 
views using a X3-1 matrix array transducer with PureWave tech-
nology (iE33 ultrasound, Philips, Andover, MA, USA) at the end of 
expiration in patients who had held their breath for 4-5 consecu-
tive cardiac beats. Two observers who were unaware of the 
clinical data evaluated the data using pre-recorded Philips 
Medical Systems software (QLAB-Philips version 7.1). As previ-
ously described (17), the largest end-diastolic volume and small-
est LA end-systolic volume were determined. After determining 
the systolic and diastolic limits, 5 reference points were deter-
mined as the atrial anterior, inferior, lateral, septum, and LA 
apex. After determining the reference point in the program, 
QLAB automatically determined the LA endocardial border for 
each frame separately (Fig. 1). The resulting false demarcations 
were then corrected manually. LA appendage and pulmonary 
veins were not included in the limits. Maximum LA volume 
(Vmax; at the end of ventricular systole just before opening the 
mitral valve), minimum LA volume (Vmin; at the end of ventricular 
diastole just before closing the mitral valve), atrial volume before 
contraction (VpreA), LA stroke volume, and left atrium ejection 
fraction were also calculated using the software.

After the above measurements were obtained, LA functions 
were calculated using the following formulas: LA total stroke 
volume (TSV)=Vmax-Vmin; LA total emptying fraction (TEF)=TSV/
Vmax×100; LA active stroke volume (ASV)=VpreA-Vmin; LA active 
emptying fraction (AEF)=ASV/VpreA×100; LA passive emptying 
fraction (PEF)=(Vmax-VpreA)/Vmax×100; LA expansion index 
(EI)=TSV/Vmin×100; and maximum LA volume index (LAVI)=Vmax/
BSA. The intra- and interobserver coefficients of variation were 
3.9% for LAVI.

Statistical analysis
All statistical analyses were performed using SPSS 17.0 

(SPSS Inc., Chicago, IL, USA). Continuous variables are pre-
sented as means±standard deviation, and categorical variables 
are shown as numbers and percentages. The normal distribu-
tion of the data was determined using the Kolmogorov-Smirnov 
test. To assess quantitative variables, Student’s t-test, Mann-
Whitney U test, and chi-square test were used for independent 
groups and categorical variables as appropriate. Pearson’s 
correlation coefficient was used to evaluate the association 
between LAVI and continuous variables. Linear regression 
analyses using the stepwise method were used for multiple 
analyses of independent variables that were significantly differ-
ent in univariate analyses (p<0.1). A p value of <0.05 was con-
sidered statistically significant.
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Results

In total, 32 patients with MAC (17 males, 15 females; mean 
age: 58.1±3.9 years) and 30 healthy volunteers (19 males, 11 
females; mean age 58.6±4.5 years) were included in this study. 
The demographic characteristics of the patient and control 
groups are shown in Table 1. There were no significant differ-
ences in age, gender, smoking status, BMI, fasting blood glucose 
levels, BUN levels, creatinine levels, total cholesterol levels, LDL 
levels, HDL levels, or triglycerides levels between the groups. 
However, weight (p=0.034) and BSA (p=0.030) were significantly 
different between patients and controls.

Comparisons of the standard 2-D and Doppler echocardio-
graphic measurements are shown in Table 2. There were no 
significant differences in left ventricular (LV) end-diastolic diam-
eter, LV end-systolic diameter, interventricular septum thickness, 
posterior wall thickness, EF, and systolic pulmonary artery pres-
sure between the groups. LA diameter was significantly higher 
in patients with MAC (p<0.001). Early-diastolic mitral inflow 
velocity (p<0.001), systolic myocardial velocity (p<0.001), and 
E/A ratio (p<0.001) were lower in patients with MAC, whereas 
late-diastolic mitral inflow velocity (p=0.003), IVRT (p=0.039), and 
E/Em ratio (p=0.017) were higher.

The following parameters were also significantly higher in 
patients with MAC: LA mechanical function, as assessed by 
RT3DE, Vmax (p<0.001), Vmin (p<0.001), VpreA (p<0.001), TSV 
(p<0.005), and LAVI (p<0.001). In contrast, ASV (p=0.040), AEF 
(p<0.001), TEF (p<0.001), PEF (p=0.012), and EI (p<0.001) were 
lower in MAC patients (Table 3).

The correlation of study parameters with LAVI is shown in 
Table 4. LAVI was positively correlated with age (p<0.001), BUN 

 MAC group Control group 
Parameters (n=32) (n=30) P *

Age, years 58.1±3.9 58.6±4.5 0.243

Gender, male (%) 16 (53.3) 19 (63.3) 0.441

Height, cm 166.2±6.1 164.7±6.83 0.364

Weight, kg 73.0±8.2 68.0±9.4 0.034

Body surface area, m2 1.84±0.12 1.77±0.14 0.030

Body mass index, kg/m2 26.4±3.3 25.1±3.5 0.128

Smoking, n (%) 11 (36.7) 4 (13.3) 0.037

Fasting glucose, mg/dL 99.3±21.2 99.6±17.2 0.951

Blood urea nitrogen, mg/dL 13.7±3.7 12.6±3.1 0.236

Creatinine, mg/dL 0.75±0.15 0.71±0.1 0.237

Total cholesterol, mg/dL 200.8±31.4 182.3±53.1 0.113

LDL cholesterol, mg/dL 118.3±31.2 120.6±44.5 0.826

HDL cholesterol, mg/dL 41.7±6.7 42.7±12.4 0.705

Triglyceride, mg/dL 184.3±56.3 166.8±67.7 0.295
HDL - high-density lipoprotein; LDL - low-density lipoprotein; MAC - mitral annular 
calcification. Values are presented as mean±standard error. *Student’s t-test, Mann-
Whitney U test, and chi-square test were used

Table 1. Demographic characteristics of the study population

 MAC group Control group 
 (n=32) (n=30) P *

LV ejection fraction, % 65.5±4.1 65.3±4.1 0.828

LVEDD, mm 45.3±2.3 45.6±3.1 0.673

LVESD, mm 28.8±2.2 28.1±3.0 0.307

Septal thickness, mm 10.0±0.8 9.7±1.1 0.279

PW thickness, mm 9.8±0.7 9.7±1.4 0.909

Left atrial diameter, mm 38.5±3.8 31.1±2.9 <0.001

PAB, mm Hg 30.4±3.8 29.9±5.2 0.650

E, cm/s 60.2±14.8 86.3±8.9 <0.001

A, cm/s 72.4±16.6 62.2±7.5 0.003

dT, ms 262±21.7 173.8±9.6 <0.001

Em, cm/s 7.7±2.9 12.4±1.5 <0.001

Am, cm/s 8.9±2.1 8.4±1.0 0.296

Sm, cm/s 8.4±1.7 10.6±1.5 <0.001

IVRT, ms 83.2±12.1 79.6±7.6 0.039

IVCT, ms 63.1±12.1 65.1±11.2 0.525

E/A  0.87±0.31 1.39±0.15 <0.001

E/Em 8.4±2.9 7.0±1.0 0.017
A - mitral late-diastolic velocity; Am - LV myocardial late-diastolic velocity; dT - mitral 
E-wave deceleration time; E - mitral early-diastolic velocity; Em - LV myocardial early- 
diastolic velocity; IVCT - isovolumetric contraction time; IVRT - isovolumetric 
relaxation time; LV - left ventricular; LVEDD - LV end-diastolic dimension; LVESD - LV 
end-systolic dimension; MAC - mitral annular calcification; PW - posterior wall; Sm - 
LV systolic myocardial velocity. Values are presented as mean±standard error. 
*Student’s t-test or Mann-Whitney U test was used

Table 2. Comparison of echocardiographic data of the study population
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Figure 1. Illustration of the calculation of maximum left atrial volume 
using the software program
EDV  - end-diastolic volume



levels (p=0.089), total cholesterol levels (p=0.055), dT (p<0.001), 
IVRT (p=0.067), and MAC (p<0.001) and negatively correlated 
with E/A ratio (p<0.001) and Sm velocity (p=0.048). Multiple linear 
regression analyses revealed that age (β=0.390, p<0.001) and 
MAC (β=0.527, p<0.001) were independent predictors of LAVI.

Discussion

The main result of this study is that LA mechanical function 
as assessed by RT3DE was impaired in patients with MAC. LAVI 
was also increased in this patient group. Age and MAC were 
independent predictors of LAVI. 

MAC is a chronic, degenerative, and non-inflammatory pro-
cess that occurs in the fibrous ring, and its incidence increases 
with age (18, 19). In a large-scale study by Movahed et al. (20), 
LV hypertrophy, mitral regurgitation, tricuspid insufficiency, LA 
dilatation, and reduced LV diastolic parameters were indepen-
dently associated with MAC. Consistent with this, Ritschard et 
al. (21) analyzed 33 dialysis patients and reported that those with 
MAC had more frequent moderate dilatation of the left atrium. In 
our study, moderate and severe valvular insufficiencies were 
excluded, as regurgitation may greatly influence LA dimensions. 
Therefore, the result are believed to be due to MAC itself, 
because the mild valve insufficiency that can occur secondary 
to MAC cannot be distinguished from its pathophysiology. 
Because the left atrium has an asymmetric structure, the reli-
ability of 2-DE for determining its size and diameter is controver-
sial (22). On the other hand, RT3DE provides dynamic volumetric 
data and can thus be used to accurately evaluate cardiac func-
tion and LA volume (23). In all previous studies of MAC, LA diam-
eters were measured using 2-DE; therefore, this study was the 
first to evaluate LA function using RT3DE.

The size of the left atrium is an important indicator of mortal-
ity and morbidity in cardiomyopathy, LV dysfunction, aortic ste-
nosis, mitral regurgitation, and arrhythmias (24, 25). In addition, 

changes in LA volume after acute myocardial infarction have 
been identified as important prognostic markers (26). It is well 
known that impaired LV diastolic function causes the left atrium 
to increase its contribution to LV filling; therefore, LA volumes 
and fractions reflect the severity of LV diastolic dysfunction (26). 
Tsang et al. (27) demonstrated a significant association between 
LA and LV diastolic parameters. As diastolic dysfunction 
increases because of an increased pre-load, the mitral PWD 
measurements (E- and A-wave velocities) become normal; 
therefore, a pseudonormal pattern develops. Assessing changes 
in LA volume may offer considerable advantages in terms of 
identifying patients with a pseudonormal pattern (27, 28).

Zhong et al. (29) performed a study using RT3DE in healthy 
subjects to calculate LAVI, which increased with age but was 
gender independent. Similarly, we found that LAVI was posi-
tively correlated with age and that age was also an independent 
predictor of LAVI. The relationship between active and passive 
ejection of the left atrium as assessed by RT3DE was a sensitive 
indicator of the working principle of the left atrium and has been 
reported to reflect the severity of LV diastolic dysfunction (30). 
Diastolic dysfunction in individuals with MAC was evidenced by 
increased Vmax and Vmin. The reason for this increase in Vmax 
was attributed to the increase in the LV filling pressure. In addi-
tion, increased Vmin was reported to be due to atrial contraction 
defects (31). In our study, Vmax and Vmin were higher in the MAC 

 MAC Control 
 group group  
 (n=32) (n=30) P*

Maximum left atrial volume, mL 49.6±11.2 35.6±2.5 <0.001

Minimum left atrial volume, mL 23.8±7.9 12.6±2.3 <0.001

Atrial volume before contraction, mL 29.8±8.7 19.6±1.9 <0.001

Total stroke volume, mL 25.5±5.1 22.6±1.1 0.005

Active stroke volume, mL 5.9±1.0 6.9±2.4 0.040

Total emptying fraction, % 51.7±7.3 65.5±2.7 <0.001

Active emptying fraction, % 20.8±3.9 35.3±11.3 <0.001

Passive emptying fraction, % 40.3±6.9 44.7±6.1 0.012

Expansion index 115.5±34.1 184.8±32.2 <0.001

Left atrial volume index, mL/m2 26.9±6.1 20.5±2.4 <0.001
MAC - mitral annular calcification. Values are presented as mean±standard error. 
*Student’s t-test or Mann-Whitney U test was used

Table 3. Comparison of left atrial volume parameters

 Dependent variable: 
 Left atrial volume index

 Univariate Multivariate

Variables r P β P

Age 0.450 <0.001 0.390 <0.001

Sex -0.214 0.100

Body mass index -0.138 0.295

Body surface area -0.118 0.370

Smoking status 0.074 0.573

Glucose 0.006 0.964

Blood urea nitrogen 0.223 0.089 0.131 0.256

Creatinine -0.172 0.210

Total cholesterol 0.258 0.055 0.145 0.213

High-density lipoprotein 0.169 0.217

Triglyceride -0.053 0.697

Ejection fraction -0.090 0.492

Sm velocity -0.256 0.048 0.141 0.301

dT 0.486 <0.001 -0.276 0.385

IVRT 0.238 0.067 0.076 0.525

E/A ratio -0.515 <0.001 -0.191 0.245

E/Em ratio 0.016 0.905

Mitral annular calcification 0.583 <0.001 0.527 <0.001

Table 4. Univariate and multivariate analysis to demonstrate 
independent predictors of left atrial volume index
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than in the control group. Moreover, the E/Em ratio was higher, 
whereas the E/A ratio was lower in this patient group. Therefore, 
these parameters are believed to be indicators of LA and LV 
dysfunction in MAC patients. Contrary to expectations, MAC and 
age, but not Sm, E/A, or the E/Em ratio, were found to be indepen-
dent predictors of LAVI in multiple regression analyses.

Study limitations

Our study had several limitations. First, this was a single-
center, cross-sectional study that enrolled a relatively small 
number of patients. Second, LA strain, which was not measured, 
should have been evaluated to consolidate the understanding of 
LA physiology in the presence of MAC. Therefore, longer-term 
studies with larger populations are needed. Because the E/A 
ratio cannot give a clear result in the evaluation of diastolic 
function in patients with severe MAC, a more comprehensive 
study including MAC subgroups is necessary.

Conclusion

In conclusion, it was previously shown that 3D-STE allows 
more accurate measurement of LAVI and LA function than 
2D-STE with high reproducibility. Although previous studies have 
shown increased LA size in MAC patients using 2-DE, LA 
mechanical function has not been assessed sufficiently. Here 
we found that LA mechanical function was impaired in patients 
with MAC. In addition, age and MAC were independent predic-
tors of increased LAVI according to RT3DE examinations.
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