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Abstract

Objective To compare three-dimensional dynamics

between implanted Cosgrove-Edwards and Sorin Memo-

3D annuloplasty rings during the cardiac cycle.

Methods We examined 11 Cosgrove-Edwards rings and

20 Sorin Memo-3D rings after mitral plasty using real-time

three-dimensional transesophageal echocardiography. We

evaluated ring height, ellipticity, and geometry during one

cardiac cycle. Four evenly spaced phases each selected

during systole and diastole were assessed using REAL

VIEW software.

Results The height of the Cosgrove-Edwards and Sorin

Memo-3D rings was similar (2.3 ± 0.8 vs. 1.9 ± 0.9 mm,

p = 0.44). The maximum difference in ring height during

one cardiac cycle (change in height) was larger for the

Cosgrove-Edwards than the Sorin Memo-3D rings

(2.3 ± 0.8 vs. 1.5 ± 0.6 mm, p = 0.014). Ellipticity and

the maximum difference in ellipticity during one cardiac

cycle (change in ellipticity) were larger for Cosgrove-Ed-

wards than Sorin Memo-3D rings (80.0 ± 9.1 vs.

72.0 ± 4.8 %, p = 0.014, respectively, and 12.0 ± 3.1 vs.

6.0 ± 1.8 %, p\ 0.001).

Conclusions Cosgrove-Edwards rings were more flexible,

whereas Sorin Memo-3D rings maintained the elliptical

shape more effectively.

Keywords Cosgrove-Edwards annuloplasty ring �
Memo-3D annuloplasty ring � Three-dimensional trans-

esophageal echocardiography � Mitral annular dynamics �
Mitral repair

Introduction

The anatomical shape of the mitral valve annulus of the

human heart resembles that of a horse saddle [1, 2], and

modern artificial rings for mitral annuloplasty approximate

this shape. The three-dimensional (3D) geometry of the

human mitral annulus changes with the cardiac cycle [3–5]

and thus current artificial rings for mitral annuloplasty are

also manufactured such that their 3D geometry changes

after surgical implantation. However, the 3D geometric

changes among different types of implanted artificial rings

have not been fully investigated. Cosgrove-Edwards

annuloplasty rings (Edwards Lifesciences, Irvine, CA,

USA) are flexible semi-closed loops, and Sorin Memo-3D

annuloplasty rings (Sorin Biomedica Cardio S.r.l., Salug-

gia, Italy) are semi-rigid fully closed annuloplasty loops in

which the anterior side is semi-rigid and the posterior side

is semi-flexible. The present study compares the 3D geo-

metric changes between implanted Cosgrove-Edwards and

Sorin Memo-3D annuloplasty rings during one cardiac

cycle after surgery to treat mitral regurgitation (MR).

Methods

The Ethics Committee at Nagasaki University Hospital

approved the protocol for this study, which proceeded

according to the Declaration of Helsinki (approval number

16020819).
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Patients

This study included patients (male, n = 15; female,

n = 16; average age, 67.2 ± 15.4 years; average body

surface area, 1.60 ± 0.23 m [2] (Table 1) who underwent

mitral plasty to treat MR (caused by degenerative changes)

and from whom we could acquire sufficiently clear 3D-

transesophageal echocardiography (3D-TEE) images at the

Department of Cardiovascular Surgery, Nagasaki Univer-

sity Hospital between February 2012 and February 2014.

Mitral plasty was achieved by resection suturing, chorda

reconstruction, and annuloplasty [6]. Eleven Cosgrove-

Edwards (Cosgrove) and 20 Sorin Memo-3D (Memo-3D)

annuloplasty rings were surgically implanted and the

average size of all rings was 29.0 ± 1.5 mm (Table 1).

The first operator selected Cosgrove rings for patients with

posterior leaflet prolapse, and Memo-3D rings for those

with anterior leaflet prolapse, annular dilation, and infec-

tive endocarditis with leaflet perforation.

Echocardiography

The patients were assessed by 3D-TEE using iE33 ultra-

sound equipment (Philips Medical Systems, Andover, MA,

USA) with an X7-2t probe. All postoperative images were

acquired after cardiopulmonary bypass was stopped during

the surgical procedure. Electrocardiographically gated full-

volume or 3D zoom images were acquired over four car-

diac cycles (Fig. 1a).

Measurements

We analyzed the geometry of the two types of rings using

REAL VIEW 3D analysis software (YD Co., Ltd., Nara,

Japan) [7]. We manually marked 32 points on images of

implanted mitral annuloplasty rings with 16 rotational

sections on the center of the mitral valve (Fig. 1b). The

software automatically determined the mitral annular fit-

ting model and calculated the annular area, circumference,

antero-posterior diameter, medio-lateral diameter, and

height (Fig. 1c). Ring height and ellipticity were measured

at four evenly spaced phases during both systole and

diastole (eight phases per cardiac cycle) and changes in

ring height and ellipticity in one cardiac cycle calculated.

Ring height was defined as the shortest distance between

two lines in the 3D field (one line passed through the two

highest points of the ring, and the other passed through the

two lowest points of the ring when the annuloplasty ring

Table 1 Patient characteristics

Total Cosgrove Memo 3D p value

n = 31 n = 11 n = 20

Age (years) 67.2 ± 15.4 65.4 ± 15.7 68.3 ± 15.1 0.53

Sex (men %) 48.4 45.5 50.0 0.89

BSA (m2) 1.60 ± 0.23 1.69 ± 0.23 1.56 ± 0.23 0.19

Etiology of mitral regurgitation

Prolapse (%) 77.4 100.0 70.0 0.066

Annular dilatation (%) (without prolapse) 16.1 0.0 25.0 0.13

Infective endocarditis (%) (with or without prolapse) 22.6 18.2 25.0 0.99

Comorbidity

Aortic stenosis (%) 6.7 0.0 10.0 0.53

Aortic regurgitation (%) 9.7 0.0 15.0 0.54

Tricuspid regurgitation (%) 25.8 18.2 30.0 0.68

Coronary artery disease (%) 9.7 9.1 10.0 0.58

Echocardiographic parameters

LVDd (mm) 54.1 ± 6.8 53.1 ± 4.0 54.7 ± 7.9 0.63

LVDs (mm) 34.2 ± 7.0 30.9 ± 4.2 36.0 ± 7.5 0.062

EF (%) 65.5 ± 11.5 71.5 ± 4.0 62.1 ± 11.1 0.012

LAD (mm) 46.5 ± 10.8 43.5 ± 4.5 48.2 ± 12.7 0.2

TR-PG (mmHg) 35.2 ± 15.8 33.5 ± 11.7 36.2 ± 17.6 0.92

Ring size (mm) 29.0 ± 1.5 28.9 ± 1.0 29.0 ± 1.7 0.97

Values are expressed as mean ± standard deviation unless otherwise indicated

BSA body surface area, Cosgrove Cosgrove-Edwards annuloplasty rings, EF ejection fraction, LAD left atrial dimension, LVDd left ventricular

end-diastolic dimension, LVDs left ventricular end-systolic dimension, Memo 3D Sorin Memo-3D annuloplasty rings, TR-PG pressure gradient

calculated from Doppler velocity of tricuspid regurgitation
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was laid on a hypothetical plane surface; Fig. 1c). The

mean ring height was the average ring height at all eight

phases during one cardiac cycle in each patient. A change

in ring height was defined as the maximum difference in

ring height during one cardiac cycle. Ring ellipticity was

defined as the ratio (%) of the antero-posterior to the

medio-lateral diameter of the ring (Fig. 1c). Mean ring

ellipticity was defined as the average ring ellipticity of all

eight phases during one cardiac cycle. A change in ring

ellipticity was defined as the maximum difference in ring

ellipticity during one cardiac cycle.

Statistical analysis

Unless otherwise indicated, values are expressed as

means ± standard of deviation (SD). Continuous variables

were compared using the Mann–Whitney U test and cate-

gorical data between the Cosgrove and Memo-3D groups

were compared using the Chi square test. Associations

between the characteristics of the patients and ring height

and ellipticity were evaluated using multivariable linear

regression analysis that included variables that were sig-

nificant in univariate linear regression analyses. A p value

of\0.05 was taken as significant and all data were ana-

lyzed using JMP Pro 11.2.0 software (SAS Institute, Inc.,

Cary, NC, USA.).

Results

The characteristics of the patients implanted with Cosgrove

and Memo-3D annuloplasty rings were similar except for

ejection fraction (71.5 ± 4.0 vs. 62.1 ± 11.1 %,

p = 0.012; Table 1). Mean ring height was comparable

between the groups (2.3 ± 0.8 and 1.9 ± 0.9 mm,

p = 0.44; Fig. 2a), but mean ring ellipticity was larger in

the Cosgrove, than in the Memo-3D group (80.0 ± 9.1 and

72.0 ± 4.7 %, p = 0.014; Fig. 2b). Ring height and

Fig. 1 Imaging findings, annular fitting model and annular height.

a Real-time three-dimensional trans-esophageal echocardiography

images of mitral annuloplasty ring after mitral plasty. AV aortic valve;

LA left atrium; LV left ventricle; MV mitral valve. b Images of 32

manually marked points on mitral annuloplasty ring with 16 rotational

sections on center of mitral valve using REAL VIEW software.

c Results of analysis to determining annular fitting model and

calculating annular height, AP (antero-posterior) diameter, and ML

(medio-lateral) diameter
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ellipticity changed more in the Cosgrove, than in the

Memo-3D group (2.3 ± 0.8 and 1.5 ± 0.6 mm, p = 0.014

and 12.0 ± 3.1 and 6.0 ± 1.8 %, p\ 0.001, respectively;

Fig. 2c, d, respectively). Linear regression analyses did not

significantly associate patient characteristics and ring type

with mean ring height (Table 2). Multivariable linear

regression analysis significantly associated body surface

area (BSA; standardized b = 0.35, p = 0.017), coronary

artery disease (standardized b = 0.41, p = 0.005) and ring

type (standardized b = 0.42, p = 0.005) with mean ring

ellipticity (Table 2). Univariate linear regression analysis

significantly associated left ventricular end-systolic

dimension (LVDs; standardized b = -0.4, p = 0.028),

ejection fraction (EF) (standardized b = 0.36, p = 0.045),

and ring type (standardized b = 0.48, p = 0.007) with

changes in ring height, but multivariable analysis signifi-

cantly associated only ring type with changes in ring height

(standardized b = 0.39, p = 0.038) (Table 3). Univariate

linear regression analysis significantly associated BSA (s-

tandardized b = 0.38, p = 0.037), prolapse (standardized

b = 0.45, p = 0.012), annular dilation (standardized

b = -0.4, p = 0.024), and ring type (standardized

b = 0.77, p\ 0.001) with changes in ring ellipticity, but

multivariable analysis significantly associated only ring

type with changes in ring ellipticity (standardized

b = 0.66, p\ 0.001; Table 3).

Discussion

A comparison of 3D-geometric changes between implanted

Cosgrove Memo-3D rings during one cardiac cycle using

3D-TEE after mitral plasty revealed that the Cosgrove ring

was more flexible, whereas the Memo-3D ring maintained

the elliptical shape more effectively.

The mitral annulus is shaped like a horse saddle [1, 8],

which is thought to help reduce stress on the mitral leaflets

[9–11]. However, because significant MR could cause the

mitral annulus to lose the saddle shape [12, 13], artificial

rings for mitral annuloplasty should also be saddle-shaped.

The 3D saddle shape of the mitral annulus changes

during the cardiac cycle. The height increases during sys-

tole, according to biplane videofluoroscopy analysis of

radiopaque markers sewn onto the mitral annuli of sheep

Fig. 2 Changes in mean ring

height and ellipticity. Mean ring

height (a) and ellipticity (b) in
both groups. Changes in ring

height (c) and ellipticity (d) in
both groups. Values are

expressed as mean ± standard

deviation
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[14, 15]. Some investigators found using 3D-transthoracic

echocardiography that the saddle height of the mitral

annulus in humans peaks during early systole and flattens

during late systole [4, 16]. Others have found using 3D-

TEE that the mitral annulus saddle height peaks at mid-

systole and flattens during late diastole [5]. This discrep-

ancy might be due to the different imaging modalities used

to assess mitral annulus motion. We found that mean ring

height in all patients peaked at mid-systole and flattened at

late diastole, which was compatible with 3D-TEE findings

reported by others.

How the shape of implanted mitral annuloplasty rings

changes during the cardiac cycle has not been fully

investigated. A comparison of flexible Duran and Tailor

semi-closed rings during physiological changes using

biplane cinefluoroscopy has shown that annular height

dynamics were preserved in the Tailor rings, and damped

in the Duran ring [17]. On the other hand, 3D-TEE has not

identified any differences in geometric dynamics between

anterior and posterior flexible rings [18]. The present study

using 3D-TEE uncovered differences between Cosgrove

and Memo-3D rings in humans.

The Memo-3D ring is semi-rigid and it should restore

the geometry of the mitral annulus and leaflet and to adjust

to mitral annulus dynamics during the cardiac cycle [19,

20]. Ryomoto et al. reported that the saddle height of the

Memo-3D ring is lower than that of the Carpentier

Edwards Physio II ring (Edwards Lifesciences, Irvine, CA,

USA) and the St. Jude Medical Rigid Saddle Ring (St. Jude

Medical, St. Paul, MN, USA). However, the rate at which

the saddle height of the Memo-3D increased from end

diastole to end systole was larger than that of Physio II ring

and Rigid Saddle Ring [21]. This suggests that the saddle

height of the Memo-3D ring is more flexible than that of

the Rigid Saddle Ring and the semi-rigid Physio II ring.

We calculated the annular height commissure width ratio

(AHCWR) to compare the present findings with those of

Ryomoto. The maximum AHCWR of the Memo-3D and

the change of AHCWR during one cardiac cycle compared

with the findings of Ryomoto during one cardiac cycle

Table 2 Linear regression analyses of mean ring height and ellipticity

Mean ring height Mean ring ellipticity

Univariate Multivariable Univariate Multivariable

Standardized p value Standardized p value Standardized p value Standardized p value

b coefficient b coefficient b coefficient b coefficient

Age (years) -0.026 0.89 -0.12 0.52

Sex (men) -0.35 0.052 -0.24 0.19

BSA (m2) 0.32 0.079 0.43 0.016 0.35 0.017

Etiology of mitral regurgitation

Prolapse -0.21 0.26 0.23 0.22

Annular dilation (without prolapse) 0.28 0.12 -0.25 0.18

Infective endocarditis (with or without

prolapse)

-0.16 0.4 0.067 0.72

Comorbidity

Aortic stenosis 0.22 0.25 -0.13 0.5

Aortic regurgitation 0.013 0.95 0.004 0.98

Tricuspid regurgitation 0.33 0.067 0.044 0.81

Coronary artery disease -0.15 0.42 0.37 0.039 0.41 0.005

Echocardiographic parameters

LVDd (mm) -0.13 0.5 0.26 0.15

LVDs (mm) -0.046 0.8 0.17 0.35

EF (%) -0.083 0.66 -0.005 0.98

LAD (mm) 0.071 0.7 0.001 0.99

TR-PG (mmHg) -0.066 0.72 0.087 0.64

Ring size (mm) -0.001 0.99 -0.012 0.95

Ring type (Cosgrove) 0.19 0.3 0.51 0.003 0.42 0.005

BSA body surface area, Cosgrove Cosgrove-Edwards annuloplasty rings, EF ejection fraction, LAD left atrial dimension, LVDd left ventricular

end-diastolic dimension, LVDs left ventricular end-systolic dimension, Memo 3D Sorin Memo-3D annuloplasty rings, TR-PG pressure gradient

calculated from Doppler velocity of tricuspid regurgitation
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were 8.8 ± 3.0 vs. 13.6 ± 3.0, and 5.3 ± 2.4 vs.

5.1 ± 2.3 %, respectively. Although we found a smaller

maximal AHCWR at end-systole than Ryomoto, changes

in AHCWR were similar.

The Cosgrove ring is semi-closed, and its geometry and

dynamics correspond to those of the natural mitral annulus.

The present study found that the mean saddle height was

similar between the Memo-3D and Cosgrove rings. This

suggests that the Memo-3D can distort to fit the original

mitral annulus after implantation because the Memo-3D is

flat and planar before implantation. Our results also showed

that mean annular ellipticity was smaller for the Memo-3D

than the Cosgrove ring. Because ring ellipticity is defined

as the ratio of the antero-posterior to the medio-lateral

diameter, a larger ellipse means a more precise circle.

Therefore, the Memo-3D ring was more elliptical than the

Cosgrove ring and thus might help to maintain coaptation

of the mitral leaflets during systole. However, ring type,

BSA and coronary artery disease can affect mean ring

ellipticity. We found that the standardized b coefficient in

multivariable linear regression analysis was the highest for

ring type among these variables. Coronary artery disease

might have affected mean ring ellipticity because of left

ventricular asynergy. On the other hand, changes in saddle

height and annular ellipticity during the cardiac cycle were

larger for the Cosgrove, than the Memo-3D ring, and

multivariable linear regression analysis significantly asso-

ciated these with only ring type. Therefore, the Cosgrove

ring was deemed appropriate in terms of tracking physio-

logical mitral annular dynamics.

Whether flexible or rigid annuloplasty rings are more

effective has not been determined. Flexible rings are con-

sidered suitable changes for mitral annulus geometric

during the cardiac cycle. Okada et al. reported that the

mitral annulus area was more variable with the flexible,

than the rigid ring during the cardiac cycle. They also

reported that left ventricular fractional shortening and peak

velocity at peak exercise was better for the flexible, than

the rigid ring [22]. Conversely, Chang et al. found no

significant differences in eight-year freedom from recur-

rence of significant MR, left ventricular systolic function,

and post-operative survival between flexible and rigid rings

Table 3 Linear regression analyses of changes in ring height and ellipticity

Change in ring height Change in ring ellipticity

Univariate Multivariable Univariate Multivariable

Standardized p value Standardized p value Standardized p value Standardized p value

b coefficient b coefficient b coefficient b coefficient

Age (years) -0.27 0.14 -0.24 0.19

Sex (men) 0.1 0.58 -0.1 0.59

BSA (m2) 0.017 0.93 0.38 0.037 0.16 0.19

Etiology of mitral regurgitation

Prolapse 0.23 0.21 0.45 0.012 0.19 0.49

Annular dilation (without prolapse) -0.16 0.4 -0.4 0.024 0.016 0.95

Infective endocarditis (with or without

prolapse)

-0.32 0.082 -0.11 0.55

Comorbidity

Aortic stenosis -0.2 0.29 -0.24 0.19

Aortic regurgitation -0.3 0.1 -0.24 0.19

Tricuspid regurgitation -0.16 0.39 -0.16 0.39

Coronary artery disease 0.3 0.11 -0.072 0.7

Echocardiographic parameters

LVDd (mm) -0.21 0.25 0.055 0.77

LVDs (mm) -0.4 0.028 -0.26 0.35 -0.18 0.33

EF (%) 0.36 0.045 0.006 0.98 0.29 0.11

LAD (mm) -0.32 0.081 -0.12 0.51

TR-PG (mmHg) -0.12 0.53 -0.003 0.99

Ring size (mm) -0.041 0.83 0.03 0.87

Ring type (Cosgrove) 0.48 0.007 0.39 0.038 0.77 \0.001 0.66 \0.001

BSA body surface area, Cosgrove Cosgrove-Edwards annuloplasty rings, EF ejection fraction, LAD left atrial dimension, LVDd left ventricular

end-diastolic dimension, LVDs left ventricular end-systolic dimension, Memo 3D Sorin Memo-3D annuloplasty rings, TR-PG pressure gradient

calculated from Doppler velocity of tricuspid regurgitation
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[23]. Silberman et al. found a better postoperative MR

grade and tricuspid regurgitant pressure gradient in

ischemic MR with a rigid, than a flexible mitral annulo-

plasty ring [24]. Maintaining the ideal saddle shape might

be more important than mitral annular flexibility for suc-

cessful mitral plasty.

Collectively, rings with optimal stability and a flexible

saddle shape should be ideal. From this perspective, a

‘‘semi-rigid’’ ring might be preferable. We found a similar

mean saddle height between the Cosgrove and Memo-3D

rings, but the Cosgrove rings were closer to precise circles

and more flexible than the Memo-3D rings. That is, the

saddle height and elliptical shape of the Memo-3D rings

were better maintained, but with variability. The dynamics

and operative outcomes of semi-rigid annuloplasty rings

have not been fully investigated and thus further study is

needed. We plan to assess the long-term results of the ring

types used for mitral plasty and to consider the influence of

saddle shape flexibility and elliptical shape stability.

Limitations

This study of a small sample of patients was not random-

ized with regard to ring selection, did not include consec-

utive patients, and was not blinded to the

echocardiographic findings. The results might have been

affected by ring selection bias or differences in preopera-

tive mitral annular ellipticity or saddle height, which we

could not investigate. The intraoperative timing of 3D-TEE

imaging might not reflect physiological hemodynamics,

even though images were obtained after terminating car-

diopulmonary bypass. Although significantly different

between the groups, multivariable linear regression analy-

sis did not significantly associate EF with mean ring height

or ellipticity, or with changes in ring height and ellipticity.

Conclusions

The Cosgrove annuloplasty ring is more flexible, which

might allow better tracking of geometric changes in saddle-

shape during the cardiac cycle. The Memo-3D ring main-

tains the elliptical shape of the mitral annulus during the

cardiac cycle better.
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