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Abstract 

Mitral valve (MV) repair is the preferred treatment for 

mitral regurgitation associated with organic MV prolapse 

(MVP). Our goal was to describe the dynamic changes in 

mitral annulus (MA) geometry after annuloplasty, using 

custom software for MA tracking from transthoracic real-

time 3D echocardiography (RT3DE). Forty-four MVP 

patients, divided into 2 subgroups (RIG and FLEX), were 

studied by RT3DE the day before, at 3 and 6 months after 

surgery. RT3DE was also obtained in 20 normal (NL) 

subjects. MA was tracked frame-by-frame and several 

parameters were computed. As expected, MVP had an 

enlarged MA and a reduced planarity compared to NL. 

Annuloplasty resulted in reduced area both in RIG and 

FLEX and in a more planar MA shape. Interestingly, at 3 

and 6 months, FLEX height was greater than RIG, due to 

different ring design. This analysis gives new insights in 

the in-vivo performance of the implanted rings, offering a 

new tool in the clinical decision process and follow-up. 

 

1. Introduction 

The mitral annulus (MA) is a complex, dynamic, three-

dimensional saddle-shape structure with the maximum 

height in the middle of the anterior part of the annulus 

near the aortic valve and another smaller peak in the mid 

of the posterior part [1]. This structure is important to 

normal mitral valve (MV) function as well as left 

ventricular and atrial performance.  

Mitral regurgitation is one of the most common 

valvular heart diseases in modern clinical practice [2]. 

MV repair is the preferred treatment in patients with 

organic mitral valve prolapse (MVP). In fact, many 

studies have demonstrated that, when compared to 

replacement, MV repair leads to lower perioperative 

mortality and better postoperative LV function and long-

term survival [3,4].  

The aims of this study were to describe the dynamic 

changes in MA geometry in pre-surgery MVP patients 

compared to normal subjects, and assess the dynamic 

morphology after MV repair with annuloplasty using two 

different type of ring, a complete rigid one and an 

incomplete flexible one, during a 6 months follow-up. 

This analysis was performed using custom software for 

MA tracking from transthoracic real-time 3D 

echocardiography (RT3DE) [5], that is the conventional 

imaging technique routinely utilized both for the 

diagnosis of MVP and for follow-up controls, thanks to 

the benefit of the third dimension in the visualization of 

cardiac valves [6,7]. 

 

2. Methods 

2.1. Population 

Forty-four patients (13 female, age 62±11 years) with 

severe organic mitral regurgitation due to degenerative 

MVP and ejection fraction (EF)>55% (biplane Simpson’s 

rule from 2D echocardiographic data), with indications to 

MV surgical repair [3] were enrolled at the Centro 

Cardiologico Monzino, Milan. On the basis of the 

different implanted ring, these patients were divided into 

two subgroups:  

1) 23 patients received a complete rigid ring (RIG, 5 

female, age 54±13 years);  

2) 21 patients an incomplete flexible ring (FLEX, 8 

female, age 62±11 years). 

Exclusion criteria were: EF<55%, associated MV 

stenosis, severe calcification of the MA, previous 

endocarditis, history of coronary artery disease, and 

cardiac arrhythmias. MV repair was considered 

successful only when the grade of residual mitral 

regurgitation was less than or equal to mild [8]. 
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Table 2. Results of mitral annulus dynamic analysis in RIG (n=23) and FLEX (n=21) subgroups before surgery, at 3 and 6 

months of follow-up. 

 

 Pre-surgery 3-Months 6-Months 

 RIG FLEX RIG FLEX RIG FLEX 

maxA (cm
2
) 18.9 ± 5.1 17.9 ± 4.7 5.0 ± .8 ‡ 5.7 ± 1.5 ‡ 4.7 ± .7 ‡ 5.5 ± 1.4 ‡ 

minA (cm
2
) 14.5 ± 4.7 13.7 ± 3.7 3.9 ± .5 ‡ 4.6 ± 1.2 ‡ 3.8 ± .6 ‡ 4.5 ± .9 ‡ 

∆A (cm
2
) 4.4 ± 1.3 4.2 ± 1.6 1.1 ± .6 1.2 ± .5 .9 ± .5 ‡ 1.0 ± .6 ‡ 

A2D/A3D .947 ± .029  .953 ± .019 .978 ± .013 ‡ .947 ± .028 .982 ± .007 ‡ .946 ±.029 

LD (mm) 12.9 ± 3.8 12.0 ± 3.2 8.7 ± 1.4 ‡ 9.4 ± 2.1 ‡ 9.7 ± 1.8 ‡ 8.9 ± 2.1 ‡ 

H (mm) 10.3 ± 3.8 9.4 ± 2.6 3.4 ± .9 ‡ 5.7 ± 1.9 ‡ 3.0 ± .6 ‡ 5.6 ± 2.2 ‡ 

∆H (mm) 7.7 ± 4.0 6.5 ± 2.6 2.7 ± 1.2 ‡ 3.3 ± 1.0 ‡ 2.4 ± .9 ‡ 3.2 ± 1.4 ‡ 

 

‡: p<0.05 vs Pre-surgery, One-way ANOVA for repeated measures 

 

 

minA: 14.1±4.1; NL: maxA 10.7±1.7, minA 8.0±1.4). 

While no significant difference was found in MA 

longitudinal displacement in the two groups, an increased 

MA height in MVP revealed a greater non planarity 

compared to NL. 

Table 2 shows the results obtained in the RIG and 

FLEX subgroup before annuloplasty, and at the 3 and 6 

months follow-up. The procedure of annuloplasty, both 

with RIG and FLEX ring, resulted in reduced maximum 

and minimum value of 3D MA surface area during the 

cardiac cycle, associated with minimal 〉A compared to 
pre-surgical values. A more planar MA shape was also 

noticed, as depicted by a reduced H and an increased 

A2D/A3D. Interestingly, at 3 and 6 months after surgery, 

height in FLEX group was greater than in RIG, due to the 

lower planarity associated with incomplete ring design 

compared to the complete one. As consequence of the 

ring insertion, both complete and incomplete longitudinal 

displacement and height variations throughout the cardiac 

cycle were found decreased in the follow-up controls. At 

6 months, all values were unchanged. 

 

4. Discussion and conclusion 

Several studies using 3D echocardiography focused on 

the evaluation of the MV and proposed different 

approaches to the geometrical description and 

quantification of MA after manual selection of two points 

on some long-axis cut planes [9-12]. In our study, we 

were able to automatically follow the MA points over the 

cardiac cycle and to obtain several MA morphological 

parameters.  

Our results confirmed the non planar structure of the 

MA in normal subjects over the cardiac cycle. As 

expected, MVP patients had an enlarged MA with a 

greater variation of MA surface area throughout the 

cardiac cycle compared to controls, whereas longitudinal 

displacement was similar in MVP and in NL. In the 

follow-up monitoring, while MA area was significantly 

reduced both in patients with a complete rigid ring and in 

those with incomplete flexible one, MA height was found 

lower in RIG group indicating a less non planarity. 

In conclusion, MA dynamic analysis from RT3DE was 

feasible in MVP patients undergoing MV surgical repair 

with concomitant implanted annular prosthesis, both 

before surgery and during follow-up monitoring, as well 

as in normal subjects. This approach gives new insights in 

the in-vivo MA dynamic morphological changes and 

implanted annular prosthesis performance evaluation. 

This could constitute a new useful tool for support the 

surgeon in the clinical decision process and in follow-up 

monitoring. In fact, the 3D reconstruction of the MA 

morphology after annuloplasty could show the possible 

alterations over time due to the characteristics of the 

implanted device.  
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