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Abstract 

Background: Mitral valve area (MVA) is technically measured using both two-dimensional (2D) planimetry and three-dimensional 
multiplanar reconstruction (3D-MPR) techniques; however, studies have always overestimated MVA using the former method. 
Objectives: This study aimed to assess the correlation between MVA assessed by 2D and 3D techniques and the impact of left atrial 
volume index (LAVI) on the discrepancy between MVA assessed by two echocardiography techniques. 
Methods: The data of 75 patients with moderate to severe mitral stenosis assessed by both 2D planimetry and 3D-MPR techniques were 
retrospectively reviewed. Clinical and echocardiographic variables were evaluated. Left atrial (LA) volume was determined using the 
biplane area-length method.  
Results: The mean±SD MVA assessed by the 2D and 3D techniques was 1.03±0.24 cm2 and 0.99±0.25 cm2 with a mean discrepancy of 
0.04±0.15 cm2, respectively. A strong association was observed between the MVA values assessed by 2D planimetry and 3D-MPR methods 
(r coefficient =0.817, P<0.001) indicating a slight discrepancy between the two techniques in assessing MVA. The pointed discrepancy was 
affected by none of the baseline characteristics and LAVI value. There was an adverse association between LAVI value and MVA measured 
by both 2D planimetry (r coefficient=-0.291, P=0.011) and 3D-MPR (r coefficient=-0.260, P=0.024) techniques. 
Conclusion: In contrast to the left atrial dimension, the discrepancy in MVA values assessed by 2D planimetry and 3D-MPR techniques is 
not influenced by LAVI adjusted for baseline parameters. 
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1. Background 

Mitral valve area (MVA) is technically measured by 
two-dimensional (2D) planimetry with high precision 
to assess the severity of mitral pathological changes, 
such as stenosis (1). However, the improvement of 
imaging methods using three-dimensional techniques 
has been considered in some studies to achieve the 
accurate values of these changes and minimize 
diagnostic errors (especially in the presence of 
distorted valvular tip or poor echo widow) (2). The 
application of three-dimensional (3D) methods, such as 
real-time 3D echocardiography significantly reduced 
the possibility of mitral stenosis over-estimation due to 
accurate geometric assessment of valve dimensions 
and details of ischemic or rheumatic valvular changes 
with high resolution (3-4). Despite the development of 
3D techniques, the 2D techniques are still used as 
common methods in many centers due to their 
availability and easier analysis. However, the technical 
limitations of 2D methods cause diagnostic challenges, 
especially in the accurate assessment of MVA (5). In 
other words, the reasons for the discrepancy between 
the two imaging techniques in the assessment of MVA, 
and the reply to the question “which patients would 
benefit from 3D as compared to 2D techniques for such 
assessment” have remained unknown. 

In the early diastolic phase, a transient elevation 

in the pressure gradient across the left ventricle and 
left atrium (LA) can lead to a transmitral pressure 
gradient (6). This pressure gradient may be increased 
in the presence of mitral orifice obstruction (7). 
Moreover, the changes in left atrial (LA) dimensions, 
such as increased LA pressure are closely linked to 
mitral pathological changes, such as more severe 
mitral stenosis (8). Such changes can predispose the 
heart to arrhythmias, such as atrial fibrillation (AF), 
pulmonary congestion, pulmonary hypertension, 
progressing heart failure, and even death. In this 
regard, the left atrial volume index (LAVI) is now 
suggested as a prognostic factor to assess future 
cardiac events (9-10). This parameter is now 
recommended to assess LA size, LA remodeling, and 
diastolic functional status (11). 

 

2. Objectives 

Recent studies have reported that the MVA 
measurements obtained by 3D transesophageal 
echocardiography (3D-TEE) are significantly lower 
than the MVA measurements obtained by 2D 
planimetry in patients with mitral stenosis (MS), 
suggesting that the MVA measurements obtained by 
2D planimetry may overestimate the true MVA. 
There have been few studies on the causes of 
discrepancy between the two measurements, and 
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recognition of the patients that benefit from 3D-TEE 
for more accurate MVA measurements. Accordingly, 
this study hypothesized that there is a close 
association between LAVI and mitral pathological 
changes especially stenosis. The effect of LAVI on 
the discrepancy of MVA measurements using 2D 
planimetry and 3D multi-planar reconstruction 
(MPR) techniques was assessed for the first time in 
this study.  

 

3. Methods 

This is a retrospective study of 75 patients with 
moderate to severe mitral stenosis assessed by 
echocardiography. Those with moderate to severe 
mitral or aortic valve regurgitation, aortic stenosis, 
congenital heart defects, history of valvular heart 
interventions, pericardial disorders, or cardiac 
tumors were excluded from the study. The study 
protocol was approved by the Ethics Committee of 
Tabriz University of Medical Sciences, Tabriz, Iran. 
The written informed consent was obtained from all 

participants after they were given adequate 
explanations regarding the objectives of the study. 
The baseline variables were recorded which included 
such information as the patients’ demographic 
information, underlying cardiovascular risk profiles 
(hypertension, hyperlipidemia, current smoking 
status, diabetes mellitus, ischemic heart disorders, 
and chronic pulmonary disease), underlying rhythmic 
condition, and clinical functional status according to 
the New York Heart Association (NYHA) 
Classification. All patients underwent 2D 
transthoracic (2D-TTE) and transesophageal 
echocardiography (2D-TTE) on the same day. 
Initially, conventional 2D-TTE and then 2D-TEE was 
performed, followed by real-time three-dimensional 
transesophageal echocardiography (RT3D-TEE) 
image acquisition. The 2D image from the mitral 
valve was optimized at 70-90 degrees angles, where 
the best alignment occurred, and then the 3D image 
from the mitral valve was acquired in real-time, using 
3D zoom and full volume modes (Figure 1). 

 
 

 
 

Figure 1. RT3D-TEE, rheumatic mitral valve stenosis (views from the left atrium and 
left ventricular sides, respectively from right to left) 

 

 
 

Figure 2. Multi-planar reconstruction-guided measurement of mitral valve area by 3D 
transesophageal echocardiography 
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Table 1. Baseline characteristics of the study population 

Variables  
Age, mean years±SD 53.61±12.06 
Female gender, n (%) 53 (70.7) 
History of hypertension, n (%) 26 (34.7) 
History of diabetes mellitus, n (%) 3 (4.0) 
History of ischemic heart disease, n (%) 3 (4.0) 
History of smoking, n (%) 6 (8.0) 
History of cerebrovascular events, n (%) 1 (1.3) 
Cardiac rhythm, n (%)  
Normal sinus 34 (45.3) 
Atrial fibrillation 41 (54.7) 
NYHA classification, n (%)  
I 6 (8.0) 
II 51 (68.0) 
III 3 (4.0) 
IV 15 (20.0) 

 
The details obtained from the transthoracic 2D 

planimetry and RT3D-TEE were described in detail. 
In this regard, MVA was assessed using both 
techniques. The normal value of MVA is in the range 
of 4-6 cm2; however, in the present study, all MVA 
values were less than or equal to 1.5 cm2. In the 3D-
MPR technique, the precise cross-sectional plane was 
located by the application of dedicated QLAB 
software (Philips Medical Systems) to cross the tips 
of the mitral valve, unaware of 2D echocardiography 
findings (Figure 2). In parallel, the MVA was 
measured by a 2D technique using an ultrasound 
system (GE Vivid S5). The MVA measurement was 
performed at the tip of the leaflets where maximal 
excursion of the leaflets was seen, in the parasternal 
short-axis view following the gain optimization and 
compression controls. The MVAs were measured for 
three different beats in patients with sinus rhythm 
and for five different beats in AF rhythm and 
averaged afterward. The techniques were performed 
by two echo-cardiologist completely blinded to each 
other’s diagnosis. The LA volume was calculated 
using the biplane area-length method. Afterward, the 
LAVI was determined for the body surface area by the 
indexed LA volume and was categorized as normal 
(≤28 mL/m2), mildly increased (29-33 mL/m2), 
moderately increased (34-39 mL/m2), and severely 
increased (≥40 mL/m2). Moreover, left ventricular 
end-systolic and end-diastolic dimensions, as  
well as ejection fraction were measured. Tricuspid 
regurgitation velocity (continuous-wave Doppler) 
was measured for the calculation of pulmonary artery 
systolic pressure, using simplified Bernoulli equation, 
and right atrial pressure was determined based on 
the diameter of the inferior vena cava and its 
respiratory variability. Pulmonary artery systolic 
pressure was classified as normal (<35 mmHg), 
mildly increased (35-45 mmHg), moderately 
increased (45-60 mmHg), and severely increased 
(>60 mmHg). Left atrial appendage (LAA) thrombus 
was defined as a solid mass with a clear margin in 
TEE that was visible throughout the cardiac cycle. 
The study endpoint was to assess the correlation 
between MVA assessed by the 2D and 3D techniques 

in addition to the impact of LAVI on the discrepancy 
between the two values of MVA determined by two 
echocardiography techniques.  

The quantitative and qualitative (or categorical) 
variables in the statistical analysis were presented  
as mean±standard deviation (SD) and frequency 
(percentage), respectively. The Pearson’s or 
Spearman’s correlation tests were used to assess the 
correlation between the quantitative variables. The p 
values less than 0.05 were considered statistically 
significant. The data were analyzed using the SPSS 
software (version 23.0; IBM, Armonk, New York). 

 

4. Results 

The mean±SD age of patients in this study was 
53.61±12.06 years (the age range of 26-81 years). 
Most patients (70.7%) in this study were female. 
Based on cardiovascular risk profiles (Table 1), 
hypertension was the most common risk factor 
observed in about one-third of patients. About half of 
the participants suffered from atrial fibrillation. In 
addition, one-fourth of patients suffered from 
significant functional dysfunction indicated by NYHA 
classes III and IV.  

The echocardiography findings obtained by the 
2D planimetry and 3D-MPR techniques are presented 
in Table 2. The mean±SD MVA values assessed by the 
two mentioned techniques were 1.03±0.24 cm2 and 
0.99±0.25 cm2, respectively with a mean discrepancy 
of 0.04±0.15 cm2. A strong association was revealed 
between the MVA values assessed by 2D planimetry 
and 3D-MPR methods (r coefficient=0.817, P<0.001) 
indicating a slight discrepancy between the two 
techniques in assessing MVA. According to the 
multivariable linear regression modeling (Table 3), 
the discrepancy was affected by none of the baseline 
characteristics. In this regard, the discrepancy was 
not also impacted by the LAVI value.  

The mean±SD LAVI value was also 72.97±27.54 
mL/m2, indicating a moderate increase of 5.3% and a 
severe increase of 94.7%. There was an adverse 
association between LAVI and MVA values  
measured by 2D planimetry (r coefficient=-0.291,  
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Table 2. Echocardiograph findings of the study population 

Variables   
 MVA assessed by 2D technique, mean ± SD  1.03±0.24 
 MVA assessed by 3D technique, mean ± SD  0.99±0.25 
 LAVI value, mean ± SD  72.97±27.54 
Reduced LVEF (≤45%), n (%) 11 (14.7) 
Thrombus in left atrial appendage, n (%)  12 (16.0) 
Pulmonary hypertension, n (%) N (%) 
None  20 (26.7) 
Mild  22 (29.3) 
Moderate  16 (21.3) 
Severe  17 (22.7) 

 
Table 3. Multivariable linear regression analysis for determining the effect of baseline variables on the discrepancy between MVA assessed 
by 2D and 3D methods 

Variable 
Unstandardized Coefficients 

T P-value 
B Std. Error 

Age -0.002 0.002 -0.982 0.330 
Gender 0.001 0.041 0.016 0.987 
HTN 0.052 0.045 1.165 0.248 
DM 0.082 0.099 0.830 0.410 
CS 0.093 0.070 1.327 0.189 
IHD -0.019 0.099 -0.192 0.848 
CVA -0.068 0.164 -0.412 0.682 
Rhythm 0.030 0.046 0.655 0.515 
NYHA 0.006 0.022 0.289 0.774 
LAVI value 7.015 0.001 0.087 0.931 

 
P=0.011) and 3D-MPR (r coefficient= -0.260, 
P=0.024) techniques (Figures 3). 

Most of the patients in this study suffered from 
pulmonary hypertension (PH). In total, 21.3% and 
22.7% of patients suffered from moderate and severe 

PH, respectively. The mean LAVI was strongly 
associated with the severity of PH, so that the 
mean±SD LAVI in mild, moderate, and severe  
PH was determined at 62.55±16.90, 87.78±40.59, and 
81.95±24.77, respectively (P=0.008). 

 

 
 

Figure 3. The association between LAVI value and MVA assessed by 2D planimetry and 3D-MPR 

 

5. Discussion 

The LA dimensions are directly related to the 
indicators of valvular function, especially mitral 
valve, as well as pulmonary pressures. In addition, 
the cross-sectional MVA represents the severity of 
mitral valve stenosis. Therefore, it seems that the 
MVA is mainly affected by dimensional changes in the 
left atrium. Based on the existing studies, both 
parameters play an important prognostic role in 

predicting clinical outcomes in patients with mitral 
valve involvement. Therefore, accurate evaluation of 
these parameters is essential for the patient’s 
survival as well as selecting the optimal therapeutic 
interventions for valvular diseases. Today, both 2D 
and 3D imaging tools have been used to evaluate 
valvular parameters, such as valvular pathological 
changes, even though each tool has its advantages 
and limitations. Although 2D methods are more 
available and far more cost-effective compared to the 
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3D methods, these are associated with the 
overestimation of some apparatus parameters in 
certain views. In addition, despite the much higher 
accuracy of 3D imaging tools, these tools are less 
available, and working with these tools and 
interpreting findings requires a much more 
experienced operator. Due to the increasing use of 
both instruments in diagnostic centers, the 
assessment of the compatibility of the results of the 
two instruments is necessary for the evaluation of 
heart valve disorders. Second, it should be noted that 
these assessments may be influenced by other 
cardiovascular dimensions as well.  

Regarding the important findings of the present 
study, one can refer to the fact that although the use 
of the 2D method was associated with a slight 
overestimation in the assessment of the MVA, this 
diagnostic error was very insignificant and the 
agreement between the 2D and 3D diagnostic tools 
was high and acceptable. In addition, there was a 
strong inverse correlation between the LAVI and the 
MVA. In other words, changes in the MVA were 
essentially accompanied by changes in the other 
index. Therefore, based on physiological principles, 
the LAVI value can be naturally affected by changes in 
MVA. Another important point about the diagnostic 
discrepancy between the two diagnostic tools was 
that this diagnostic discrepancy between the two 
methods is not affected by demographic 
characteristics of the patients or cardiovascular 
indices as well as the value of left atrial volume 
parameters. Therefore, it seems that this discrepancy 
may only be influenced by the operator’s experience 
in performing and interpreting the results. 

The results of a study conducted by Zamorano et 
al. on patients with rheumatic mitral valve stenosis 
demonstrated that MVA measured by 3D-TTE was 
closer to the corresponding values measured by 
invasive evaluation approaches, compared to 
conventional 2D echo-Doppler. They noted that real-
time three-dimensional echocardiography (RT3DE) 
could improve the evaluation of MS severity in 
patients with conflicting results due to the application 
of different methods (12). In addition, Schlosshan et 
al. reported that MVA measured by 3D-TEE had the 
best correlation and agreement with MVA obtained by 
continuity equation (CE), and was significantly lower 
than that acquired by 2D planimetry and pressure half 
time (PHT) method (13). The study performed by Chu 
et al. included patients with calcific mitral stenosis 
and reported that there was a good agreement 
between the value of MVA determined by RT3DE and 
CE, rather than the value of MVA obtained by PHT. 
They reported that RT3DE provided an accurate 
measurement of MVA in patients with calcific mitral 
stenosis (14). The results of these studies were in line 
with the results of the present study. 

In a similar study carried out by Min et al. in 2013 
(15), the MVA measured by 2D planimetry had high 

agreement with 3D methods; however, 2D planimetry 
overestimated MVA by 0.19 cm2. In contrast to the 
observation in the present study, LA dimensions 
were independent determinants of the discrepancy in 
MVA measurements assessed by the two diagnostic 
tools. Based on the findings, 3D-MPR imaging can 
accurately localize the mitral valve tip. The values of 
MVA assessed by the 3D method had been usually 
smaller than those measured by 2D methods; 
therefore, the application of 2D techniques might not 
lead to accurate measurements of MVA (12). This 
limitation is related to the lack of an ideal 2D short-
axis plane crossing the tips of the mitral leaflets (13). 
In other words, the imaging plane should cross the 
tips of both leaflets to obtain an accurate value of 
MVA by 2D planimetry, which is no easy task to 
perform. 

Regarding the evaluation of the relationship 
between the MVA and LAVI, it has been demonstrated 
that the LAVI was mainly affected by the presence of 
both dimensional and functional parameters, such as 
the severity of mitral stenosis, the presence of atrial 
fibrillation, and left ventricular mass index (16). 
Moreover, there was a strong inverse correlation 
between the LAVI and the MVA (as demonstrated in 
this study and those of others). Therefore, it seems 
that the evaluation of both indicators will be very 
useful in the prognostic evaluation of patients, 
especially when the evaluations are performed using a 
two-dimensional technique and there is a possibility of 
estimation error. Moreover, the value of each of these 
two indicators may be influenced by some underlying 
indicators that should be considered as confounding 
factors. Eventually, the evaluation of the correlation 
between the two indicators should also be considered 
in the absence of confounding factors in future studies, 
which are recommended to be conducted with larger 
sample size. 

 

6. Conclusion 

Based on the obtained results, there is a high 
agreement between the two methods in assessing the 
mitral surface and the results are reliable accordingly. 
In contrast to the left atrial dimension, the discrepancy 
between the two measurements of MVA conducted by 
2D or 3D techniques is not affected by the LAVI. 
However, this discrepancy may be minimized through 
the improvement of the operator’s experience in using 
the 2D technique. It seems that more studies with a 
larger sample size are needed to evaluate the causes of 
discrepancy between the two measurements and 
recognize the patients who would benefit from three-
dimensional echocardiography for more accurate MVA 
measurements. 
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