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Abstract

Background Previous studies showed that the mitral inter-commissural (IC) distance differed by a few millimeters between
the systolic and diastolic cardiac cycles. However, sizing of the mitral annuloplasty ring with a ring sizer, which should be
performed in the systole, is performed in diastole during hyperkalemic cardioplegic arrest. The aim of this study was to
investigate whether three-dimensional transesophageal echocardiography (3D-TEE) measurements of the mitral valve in
end-systole are effective to determine the size of the annuloplasty ring.

Methods This study retrospectively reviewed 92 patients who underwent mitral annuloplasty for degenerative. The IC
distance and anterior leaflet height of the A2 segment of the mitral valve were measured by 3D-TEE at the end-systole. The
annuloplasty ring size was measured by the surgeons using specific ring sizers. We compared the IC distance measured by
3D-TEE with the implanted annuloplasty size. We also investigated differences in IC distance, A2 height, and ratio of A2
height to IC distance in patients with and without recurrent mild to moderate MR for 36 months.

Results There was a significant correlation between the IC distance by 3D-TEE and the implanted ring size (R*=0.7023,
p <0.001). Eight cases had mild or greater recurrent MR. There was a significant difference in the ratio of A2 height to IC
distance between patients with and without recurrent MR (p =0.006). A2 height was greater in patients with recurrent MR,
but this difference was not significant (p =0.059).

Conclusions Our results demonstrated a larger ratio of A2 height to IC distance in patients with recurrent MR. 3D-TEE
could be useful for the ring sizing.

Keywords Transesophageal echocardiography - Three-dimensional echocardiography - Mitral valve - Mitral regurgitation -
Annuloplasty ring

Introduction

Mitral valve repair is preferred to valve replacement in cases
of degenerative mitral regurgitation (MR) due to the lower
>4 Kenji Yoshitani risk of valve-related complications and operative mortality

ykenji@ncve.go.jp [1-3]. In mitral valve repair in this context, annuloplasty is
associated with better clinical outcomes [4-8]. The annu-
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studies showed that the IC distance differed by a few mil-
limeters between the systolic and diastolic cardiac cycles
[9-11]. As a result, the methodology to decide the optimal
annuloplasty ring size remains to be established. Three-
dimensional transesophageal echocardiography (3D-TEE)
allows measurement of the mitral valve while the heart
is beating, which is beneficial since the mitral valve size
changes throughout the cardiac cycle.

Several reports showed that the annuloplasty ring size was
predicted by 3D-transthoracic echocardiography (TTE) and
3D-TEE [12-14]. However, commercially available software
cannot precisely analyze the mitral valve structure using 3D
echocardiography due to a low frame rate, which results in
an inability to accurately choose the frame at the end of
the systolic phase. Recently, 3D-TEE was developed with
a higher frame rate and better temporal, axial, and lateral
resolutions, all of which enable more accurate intraoperative
analysis of the mitral valve structure. We analyzed the details
of the mitral valve structure using 3D-TEE intraoperatively
and compared implanted ring sizes between patients with
and without recurrent MR to investigate whether 3D-TEE
measurements were effective to determine the size of annu-
loplasty ring.

Methods

This study retrospectively reviewed consecutive 139
patients who underwent mitral valve repair with annulo-
plasty for moderate to severe degenerative MR between
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Fig.1 a Direct measurements by three-dimensional echocardiogra-
phy at the end of systole under direct view of the surgeon. Inter-com-
missural (IC) distance and height of the A2 segment of the anterior
leaflet (A2 height) were measured directly. b To avoid the parallax
error, we constructed a vertical line from the top of the fulcrum of
the 3D volume into the center of the mitral valve (yellow dot line)
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January 2015 and December 2016. Our institutional eth-
ics committee (reference no. M28-142) approved this
study and waived the need for informed consent since the
research was retrospective in nature.

Using an iE33 or EPIQ 3D-TEE ultrasound system and
an X2-7t matrix-array transducer (Philips Medical System,
Andover, MA, USA), the mitral valve was visualized using
a three-dimensional (3D) enface view. We directly meas-
ured the IC distance and the height of the middle ante-
rior leaflet (A2 height) on the 3D view at mid-systole by
reviewing the recorded images because these parameters
were used to determine the size of the annuloplasty ring
we used (Fig. 1a). The IC distance of the sizer of the Cos-
grove-Edwards flexible band™ (Edwards Life Sciences,
Irvine, CA, USA) and the Carpentier-Edwards Physio II
ring™ (Edwards Life Sciences) was same according to the
direct measurement data of both the sizers.

Exact distance measurements in the 3D enface views
are not encouraged as these will often result in imprecise
measurements due to the parallax error [15]. To address
this problem and to avoid the parallax error, we con-
structed a vertical line from the top of the fulcrum of the
3D volume into the center of the mitral valve and the left
ventricle in the two orthogonal planes before 3-dimen-
sional (3D) zoom image acquisition. A perpendicular line
to this vertical line was aligned between the most posterior
and most anterior points of the mitral annulus to permit
exact annular measurements (Fig. 1b). Echocardiographic
examination was performed by an expert certified by the
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and the left ventricle in the two orthogonal planes before 3-dimen-
sional (3D) zoom image acquisition. A perpendicular line to this ver-
tical line (yellow solid line) was aligned between the most posterior
and most anterior points of the mitral annulus to permit exact annular
measurements
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Japanese Society of Cardiovascular Anesthesiologists due
to the retrospective nature of this study.

The mitral annuloplasty ring size was determined
using a proprietary specific ring sizer in the cardiople-
gia-arrested heart under direct view of the surgeon. The
annuloplasty ring size and type were selected by the sur-
geon. The annuloplasty ring types used in this observa-
tion period were the Cosgrove-Edwards flexible band™, a
Tailor Flexible Annuloplasty Ring (Abbott, IL, USA) and
the Carpentier-Edwards Physio II ring™.

Patients were followed up postoperatively for
36 months, and transthoracic echocardiography (TTE) was
performed by an independent laboratory technologist. The
grades of mitral regurgitation were reported by cardiac
echo laboratory according to the guideline of American
Society of Echocardiography, “Recommendations for
Noninvasive Evaluation of Native Valvular Regurgita-
tion,” mild (grade 1), mild to moderate (grade 2), moder-
ate to severe (grade 3), and severe (grade 4) [16]. Recur-
rent mitral regurgitation was defined as follows: mitral
regurgitation which developed more than mild grade on
and after 6-36 months postoperatively with no or trivial
regurgitation just after the operation. In regard to mild
grade, qualitative evaluation was performed in case of dif-
ficulty of proximal isovelocity surface area method. We
compared size difference between IC distance measured
by 3DTEE in the enface view of the mitral valve and the
implanted annulus ring size, in patients with and without
recurrent MR.

Statistical analysis

The mitral annuloplasty ring size was compared using
the IC distance measured by 3D-TEE. Baseline character-
istics and intraoperative TEE measurements were com-
pared between patients with and without MR during each
observational period. Patients were followed for more than
12 months postoperatively to evaluate the degree of post-
repair recurrent MR using TTE.

Data are expressed as the mean (standard deviation) or
median [interquartile range], and samples are expressed
as the number or percentage. Continuous values were ana-
lyzed by the #-test, and categorical values were analyzed
by the chi-squared test. In regard to the difference between
patients with and without recurrent MR, univariate logis-
tic regression analysis was performed. Simple regression
analysis was performed to test the association between IC
distance and implanted ring size to obtain R*. A p value
below 0.05 was considered to be statistically significant.
All statistical analyses were performed using STATA SE15
(StataCorp, College Station, TX, USA).

Results

Totally 139 patients were reviewed in this study. Patients
with missing TEE data (n=24) were excluded. To focus our
analysis on the mid-term effects of implanted annulus rings,
patients who had mild to moderate MR just after coming
off cardiopulmonary bypass were excluded (n=35). Since
intraoperative mild MR is a risk factor for recurrent postop-
erative MR [12], we excluded obvious intraoperative causes.
Patients with a Tailor Flexible Annuloplasty Ring (Abbott,
Chicago, IL, USA) were excluded (n=18) because ring size
was determined by measuring the inter-trigon distance, not
the IC distance (Fig. 2).

The characteristics of the 92 patients are summarized in
Table 1. Preoperative severity of MR was 3 (n=19) or 4
(n="73). Details of the implanted rings are shown in Table 2.
Eight patients, preoperative MR grade 3 (n=2) and grade 4
(n=6), had postoperative MR for 36 months. There was a
significant correlation between the size of the mitral annu-
loplasty ring and the IC ring size (R*=0.7023, p <0.001).
As shown in Fig. 3, IC distance values of the 28-mm annu-
loplasty ring ranged from 27.1 to 32.1 mm (interquartile
range: IQR 27.8-29.2 mm, median=28.3 mm), those of
the 30-mm annuloplasty ring from 28.1 to 34.3 mm (IQR
30.1-31.4 mm, median=30.5 mm), those of the 32-mm
annuloplasty ring from 29.6 to 34.8 mm (IQR 31.5-32.9 mm,
median =32.3 mm), and those of the 34-mm annuloplasty
ring ranged from 31.9 to 35.4 mm (IQR 33.7-34.7 mm,
median =34.4 mm).

139 patients were enrolled

24 patients were excluded
due to missing data

5 patients with mild MR
after coming off CPB

18 patients with a Taylor
ring were excluded

92 patients were analyzed

Fig.2 A flow diagram of the study population. Patients underwent
mitral valve repair for degenerative mitral regurgitation between Jan-
uary 2015 and December 2016. CPB cardiopulmonary bypass
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Table 1 Differences between patients with and without recurrent
mitral regurgitation

MR (-)n=84 MR (+)n=8 p value

Age (years) 58 (13) 57 (18) 0.78
Body mass index 21.7 (2.8) 21.7 (2.8) 0.95
Gender (male/female) 55/29 4/4 0.38
Hypertension (n) 30 (43%) 5(71%) 0.15
Diabetes mellitus (1) 4 (6%) 0(0%) 0.52
Atrial fibrillation (n) 27 2 0.68
NYHA classification (n) 26 (37%) 2 (29%) 0.93
42 (60%) 5(71%)
1 (1%) 0(0%)
1 (1%) 0(0%)
Mitral regurgitation
Grade3 (n) 17 (20%) 2 (25%) 0.75
Grade4 (n) 67 (80%) 6 (75%)
Ejection fraction (%) 60.5 (7.1) 63.8 (4.3) 0.20
LV diastolic diameter (mm) 57.6 (6.6) 58.5(4.3) 0.70
LV systolic diameter (mm) 36.3 (5.8) 37.3 (4.0) 0.64
Left atrial diameter (mm)  47.8 (1.0) 44.3 (4.3) 0.33
Mitral valve prolapse
Anterior 18 21%) 1(13%) 0.40
Posterior 55 (65%) 7 (88%)
Bi-leaflets 11 (13%) 0 (0%)
IC distance (mm) 31.3(2.3) 30.6 (1.2) 0.42
A2 height (mm) 20.7 (2.3) 22.3(1.5) 0.06
A2 height/IC distance ratio  0.663 (0.064) 0.729 (0.046) <0.01
Ring size (mm) 30.7 (2.1) 30.8 (1.5) 0.99
Size difference (mm) 0.52 (1.2) —0.15 (0.6) 0.13

Data are expressed as mean (SD)

A2 anterior leaflet segment 2, /C inter-commissural distance, LV left
ventricle, MR mitral regurgitation, NYHA New York Heart Associa-
tion

Table 2 Sizes of implanted rings

Ring size (mm) Cosgrove- Physio IT Total
Edwards

28 12 8 20
30 17 15 32
32 14 11 25
34 6 7 13
36 0 1 1
Total 49 42 91

There was a significant difference between patients with
and without postoperative MR in terms of the ratio of A2
height to IC distance. Table 3 shows that the ratio of A2
height to IC distance was associated with recurrent MR,
which could indicate the compensation of left ventricle dila-
tation. Area under the curve of receiver operating curve of
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Relationship between inter commissural distance
and annuloplasty ring size
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Fig.3 The box-and-whisker plot shows the difference in inter-com-
missural (IC) distance according to implanted annulus ring. The box
represents the values from the lower to upper quartile (25th—75th per-
centile), and the middle line represents the median. A line extends
from the minimum to the maximum value

the logistic regression analysis was 0.805. However, there
was no significant difference in the ratio of A2 height to IC
distance between patients with preoperative MR grades 3
and 4, 0.653 +£0.004 and 0.673 +0.004, respectively. The
A2 height was greater in patients with postoperative MR
than in those without, but this difference was not significant.

Discussion

There was a significant correlation between IC distance and
annuloplasty ring size. The ratio of A2 height to IC distance
was significantly larger in patients with recurrent MR.

Regarding the Physio II and Cosgrove-Edwards rings, it is
recommended that the sizer could be attached to the anterior
and posterior commissures under cardioplegic arrest. The
IC distance corresponds to the mitral annulus ring size, but
it changes during the cardiac cycle [9-11]. Although there
was a significant correlation between the IC distance and the
implanted annuloplasty ring, IC distance varied, as shown
in Fig. 3. The difference in IC distance between systole and
diastole depends on cardiac function [9], resulting in the
variety of IC distances for each implanted ring size.

The ratio of A2 height to IC distance was significantly
larger in patients with recurrent MR, but the reason for this
is unknown. The manufacturer of the Physio II and Cos-
grove-Edwards rings recommends measuring IC distance
and the area of the anterior leaflet to decide the ring size.
The mitral annuloplasty ring we implanted in patients with
recurrent MR might have been larger than the recommended
size for the following reasons: The mitral anteroposterior
(AP) diameter and IC distance were significantly larger
in patients with MR than in those without MR [17]. More



Journal of Echocardiography (2020) 18:169-174

173

Table 3 Factor of recurrent

. o Factor
mitral regurgitation

Odds ratio p value 95% confidence interval

Ratio of A2 height to inter-commissure distance 4.85

0.010 1.45-16.23

advanced MR was associated with larger mitral AP and IC
distances. In addition, the mitral leaflet area was enlarged as
the mitral annulus expanded to maintain cardiac output [18].
Although there was no significant difference in the ratio of
A2 height to IC distance between patients with preoperative
MR grades 3 and 4, patients with a larger ratio of A2 height
to IC distance might lead to the recurrent MR.

Furthermore, Chen and colleagues [9] used 3D-TEE to
show that the mitral AP distance and lateromedial (LM)
distance significantly changed between systole and diastole
in patients with MR. In patients without MR, there was no
significant difference in the AP or LM distance between sys-
tole and diastole. On the other hand, with worsening MR, the
difference in the LM distance between systole and diastole
increased significantly, from 1.8 to 2.5 mm. In this study,
IC distance (corresponding to LM distance) was measured
by 3D-TEE in systole, but sizing of the mitral annulus ring
was measured during diastole during hyperkalemic cardio-
plegic arrest. Therefore, the difference between IC diameter
measured by 3D-TEE and the size of the mitral annulus ring
might increase in patients with advanced MR. Thus, larger
rings can be implanted in patients with advanced MR than in
patients with shorter A2 height, and these larger rings may
lead to recurrent MR.

Three-dimensional TEE sizing may be a better approach
than that using a ring sizer because mitral valve geometry
changes dramatically throughout the cardiac cycle and regur-
gitation occurs during ventricular systole. The ratio of A2
height to IC distance of mitral valve would be important for
annuloplasty ring size determination. For larger ratios of A2
height to IC distance, we should consider a smaller ring size.

This study had several limitations. First, this was a ret-
rospective study. Prospective studies may be necessary to
match patient backgrounds and detailed mitral lesion sites.
Also, patient number was small to evaluate factors of recur-
rent MR. Therefore, we performed univariable logistic
regression analysis to avoid overfitting of the analysis. Sec-
ond, we did not evaluate the outcomes of different types of
surgical procedures. Mitral valve repair can be performed
in several ways, such as by quadrangular resection, trian-
gular resection, the sliding technique for posterior leaflet
lesions, and by chordal reconstruction for anterior leaflet
lesions. Third, 3D-TEE measurements were performed by
only one certified expert. We could not evaluate the inter-
or intravariability of measurements due to the nature of the
retrospective study. Furthermore, direct measurement in the
3D images still might have an error after adequately oriented
considering parallax. Direct measurement on 3D image was

easy to perform, but multi planer reconstruction would be
better.

In conclusion, this study demonstrated a high ratio of A2
height to IC distance in patients with post-repair recurrent
MR during mitral annuloplasty. 3D-TEE could be useful for
sizing the mitral annulus ring.
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