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Introduction

In most mitral valve repair procedures, mitral annu-
loplasty (MAP) with ring is combined with leaflet repair. 
The purpose of the MAP is to secure enough leaflet coap-
tation and prevent re-dilatation of the annulus that affects 
valve durability.1) The procedure of sizing is very critical, 
because too large size selection may cause an incompetent 
valve, and too small size selection may cause systolic ante-
rior motion (SAM) or functional mitral stenosis (FMS).2–4) 
At present, various types of rings have been introduced by 
manufacturers, and they provide a specific sizer for each 
product. Basically, those sizers have a D-shaped template 
with two notches. The dimensions of the template and 
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inter-notch distance are used for ring sizing. Methods of 
sizing are usually described in the implant manual pro-
vided by the manufacturer, but they vary greatly among 
products. Some products recommend anterior leaflet area, 
others specify anterior leaflet height, inter-commissural 
distance, inter-trigonal distance, etc. Moreover, measuring 
the area or the distance by placing a certain shaped plat-
form to the floppy native valve is sometimes uncertain and 
depends on the surgeon’s experience and intuition. There is 
no scientific approach to the current sizing process.5) Based 
on this background, we developed a new ring size tester 
(RST) for accurate and reproducible annular sizing, and 
we have had good results with the new sizing technique.

Methods

The new RST consisted of two large (outer) and small 
(inner) metal rings attached to a metal handle. The shape 
of the rings was like annuloplasty rings when used. Sizes 
of these metal rings were set so that there was a 1-mm gap 
between them, and the outline of the gap was equal in size 
to the matched labeled annuloplasty ring. The outer ring 
has a small (1 mm) opening at the 6 o’clock position. 
The labeled size was from 24 to 40, and the antero- 
posterior inner diameter was from 15.6 mm to 27.9 mm, 
respectively (Fig. 1). In this series, the labeled size  
and the antero-posterior diameter were like those of 
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Carpentier-Edwards (CE) Physio II annuloplasty ring 
(Edwards Lifesciences, Irvine, CA USA), but this device 
could be used for other types of rigid or semi-rigid rings 
if their antero-posterior diameter was pre-measured.

After mitral valve exposure, 12 to 14 2-0 braided poly-
ester U-shaped stay sutures for MAP were placed in the 
mitral annulus. Leaflet plasty such as expanded polytetra-
fluoroethylene (ePTFE) chordal placement for prolapse 
and/or small leaflet resection for thick excessive tissue 
was performed using the normal procedure before sizing. 
Dots were placed 8 to 10 mm from the free edges of the 
leaflets with a skin marker pen to highlight the coaptation 
line. First, a rough estimate of the size was made with 
commercial sizers. Then, the estimated size from the new 
RST set was chosen. The tester was placed in the left 
atrium while annuloplasty sutures were slipped in the gap 
though the opening of the outer ring of the tester. The 
tester was pushed on the annulus, and sutures were pulled 
to maintain tension. Annuloplasty was simulated by this 
maneuver. Then, the saline test was performed using the 
normal procedure to check the coaptation pattern (Fig. 2). 
If ink dots were not identified and far down in the left 
ventricular side, a larger RST was tried. If a rough zone 
was seen with ink dots, the coaptation length was too 
short, and a smaller RST was applied. The procedure was 
repeated until the best coaptation, neither too much nor 
too little, was obtained. In our experience, one or two 
upsized rings could be selected in some patients com-
pared to a commercial sizer.

Written informed consent was obtained from the 
patient for the procedure and the publication of this 
report and accompanying images. The Institutional 
Review Board of the Hyogo Prefectural Amagasaki 
General Medical Center approved the use of this device.
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Fig. 1  �Group sets of a new ring size tester (a). The head part of the 
tester consists of two metal rings with a 1 mm gap between 
them with a small (1 mm) opening at the 6 o’clock position 
in the outer ring (b).
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Fig. 2  �Annular ring size determination with a new ring size tester. 
(a) Saline test using the tester as if the annulus is corrected 
in the form as when annuloplasty is performed. (b) Final 
result of mitral annuloplasty. Good coaptation margin of 
the anterior (c) and the posterior leaflet (d) are obtained.

Results

This technique has been applied in 20 patients with 
degenerative mitral valve disease since January 2014. 
Concomitant procedures consisted of tricuspid valve 
repair (n = 6), atrial ablation (n = 5), coronary artery 
bypass grafting (n = 3), aortic valve replacement (n = 1), 
and ascending aortic replacement (n = 1). Minimally 
invasive approach via right mini-thoracotomy was 
adopted in one patient. Mean cardiopulmonary bypass 
time was 205 ± 47 minutes, and myocardial ischemic 
time was 159 ± 39 minutes. Leaflet repair was done only 
for the anterior leaflet (n = 3), only for the posterior leaf-
let (n = 10), and for both leaflets (n = 5). Isolated MAP 
was done for two patients. Repair technique was triangu-
lar leaflet resection in 15 (P1: n = 2, P2: n = 6, P3: n = 7) 
and chordal replacement with ePTFE sutures in 12 
(A2: n = 7, A3: n = 4, P1: n = 3, P2: n = 5, P3: n = 1). CE 
Physio II was used in all procedures, and the ring size 
was 31.0 ± 2.3. Five patients had two upsized rings, nine 
patients had one upsized rings, and six patients had the 
same size of rings estimated by commercial sizer. There 
was no mortality, or any major complication. Mitral 
valve area measured 2.57 ± 0.5 cm2, pressure gradient at 
rest was 2.5 ± 1.3 mmHg, and coaptation length was  
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8.8 ± 2.1 mm by transthoracic echo at discharge. All the 
patients have been well with minimal or no mitral valve 
leakage so far.

Discussion

A variety of annuloplasty rings are made by different 
manufacturers. These rings are designed for the specific 
disease type based on different concepts. Sizing tech-
nique is shown in the implant manual provided by the 
manufacturer or written in the literature. However, the 
process may be confusing, because some authors have 
introduced a sizing process different from the implant 
manual.5) It is suggested that surgical technique should 
be scientifically determined, and the technique should be 
clearly described, especially for young surgeons.

When the ring size is determined, the surgeon takes 
great care with the coaptation area. Even if the selected 
ring is smaller, it results in an increased coaptation area 
with minimal risk of valve insufficiency. However, it is 
reported that excess downsizing may cause not only 
SAM but also FMS on exercise.2–4) Thus, the optimal 
ring size is essential. The new sizing technique described 
in this study enables surgeons to simulate MAP while 
performing the leak test. If the coaptation area seems too 
large, the test can be repeated with a larger tester until 
the optimal size is determined.

Anyanwu and Adams reported the “ink test” as an 
assessment tool in mitral valve repair.6) In the technique, 
the closing line is marked from the anterior to the poste-
rior commissure with a surgical marking pen, while the 
mitral valve is closed in a systolic position by the saline 
test. Then, saline is removed from the ventricle, following 
an inspection of each leaflet coaptation. In the new tech-
nique, the closing line is also marked as some dots with 
marking pen, but the concept is somewhat different. The 
dots are marked beforehand to ensure adequate coapta-
tion area followed by the saline test and fine-tuning. The 
confirmation style in the new method is like the technique 
introduced in the American correction by Lawrie.7)

In this series of annuloplasties, up to three different 
sizes of RST were used in the saline test. Annuloplasty 
sutures must be slipped in the slit of the RST, which 
takes around a minute for each test. We think that the 
extra time for the process is acceptable, and the benefit 
of our new method should be immeasurable.

We applied this device for CG Future (CG) annu-
loplasty ring (Medtronic, Minneapolis, MN, USA) in 
three cases after this series. We measured antero-posterior 

diameter of each size of the CG ring and the device. Then, 
selected the ring size by the diameter matched to the deter-
mined device size. Although we had good results for CG 
ring as well, further studies are needed to prove the versa-
tility of the device.

As a limitation of this device, both the outer and inner 
rings are flat in shape. Three-dimensional shape is popu-
lar for the modern annuloplasty rings, and this device 
might not completely imitate the annuloplasty. However, 
the main purpose of this device is to confirm the coapta-
tion amount and pattern, and three-dimensional shape 
might not much influence over the results. Future modi-
fications of its design are awaited.

Conclusion

A new RST was developed for MAP with the aim of a 
more scientific approach. The RST enabled the surgeon 
to accomplish consistent and reproducible mitral valve 
repair. This device and technique should be very useful 
for mitral valve repair, not only for young surgeons with 
less experience but also for all experienced surgeons.
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