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ABSTRACT

Background: The aim of our study is to establish an accurate measurement method for anterior mitral leaflet (AML) free margin
length, which is a key aspect for prediction of the extent of resection in anterior mitral valve (MV) leaflet repair.

Method: Among the patients who underwent anterior MV leaflet repair between July 2010 and August 2012, we studied 17 patients
with data on 3D echocardiography obtained pre- and intra-operatively and intraoperative direct measurements of AML free margin.
The AML free margin lengths measured at different frames (early-opening frame of MV and end-opening frame of MV) by using real-
time 3D transesophageal echocardiography (RT-3DTEE) were compared with the values directly measured during mitral valvuloplasty
(MVP). For acquisition of 3D data during surgery, RT-3DTEE images of MV were obtained by using the Philips iE33 echocardiography
system with X7-2 probe before MVP.

Result: The free margin length values measured with Q-LAB MVQ. Regarding the correlation between the measured values
with the RT-3DTEE and values directly measured intraoperatively, the measured values at the early-opening frame of MV had no
correlation between the actual measured values and r-value = 0.338 (P=0.184). Conversely, the measured values at the end-opening
frame of MV had an extremely high significant correlation between the measured values and r-value = 0.980 (P<0.0001).

Conclusion: In conclusion, the novel measurement method enables measurement of anterior mitral leaflet free margin length by
using RT-3DTEE. At the end-opening frame of MV, the novel measurement method that reflects more accurate actual measured value

was established.
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. satisfactory results in terms of durability and long-term

1. Introduction 13 .
outcome . Thus, we developed our own repair procedure
Recently, mitral valvuloplasty (MVP) is one of the = which can compensate for the limitations of artificial
standard surgical treatments for Mitral Regurgitation  chordate tendineae implantation and overcome drawbacks
(MR). MVP for lesions on the anterior mitral leaflet, in  of the conventional valve resection in MVP for anterior
particular, requires meticulous procedure. There are various  mitral leaflet lesions. We named it “Rough-zone trimming”
valvuloplasties; however, the gold standard has not yet  procedure, and it has been applied in a clinical setting for
been established. Like Carpenter’s French Collection”  almost 12years. In Rough-zone trimming procedure, only
for MVP, various valvuloplasties for anterior mitral leaflet  the rough zone of the prolapsed surplus leafiet is resected,
lesions have been suggested. At present, MVP with the  while the prolapsed leaflet-free margin is retracted toward
use of artificial chordate tendineae without resection of the  the left ventricle using a suturing method and matched
mitral valve (MV) prolapsed is becoming the mainstream”, ~ with the resection-free margin. The operative procedure
but whether or not all anterior leaflet lesions can be  is based on the concept of pulling the free margin of
treated using this method remains debatable. On the other  the prolapsed leaflet into the left ventricle and creating
hand, operative procedures for anterior mitral leaflet that  a new and deep coaptation area. The long-term follow-
principally involve resection, including triangular resection  up results are satisfactory. At present, the determination

as a representative procedure, have not yet obtained  of the extent of rough-zone resection depends heavily on
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the surgeon’s experience. If the prolapsed anterior mitral
leaflet free margin length could be evaluated based on pre-
operative echocardiographic findings, the extent of rough-
zone resection using Rough-zone trimming procedure
can be estimated in advance. Rough-zone trimming is a
promising and highly developed procedure. The debut
of real-time 3D echocardiography (RT-3DTEE) may
enable the measurement of anterior mitral leaflet free
margin length. The measurement method, however, has
not yet been established. Thus, in this study, we devised a
measurement method for free margin length by using RT-
3DTEE, which is fundamental to Rough-zone trimming
procedure. By using the recently developed Philips iE33
echocardiography system with X7-2 probe that provides
real-time 3D transesophageal echocardiography (Phillips
Healthcare, Andover, MA) and Q-LAB MVQ software
(Phillips Healthcare) installed in the iE33, it assures that
detailed description and measurement of the complicated
3D structural MV can be provided in 3D over time.
At present, the measurable parameters by RT-3DTEE,
however, are antero-posterior leaflet length (Fig.1-a, b)
and coaptation length (Fig.1-d) in each domain (A 1-3
and P 1-3 by Carpenter classification”) “*'*'". As far as
mitral leaflet parameter is concerned, only the free margin
length at the line of closure can be determined (Fig.1-e,)”.
Anterior mitral leaflet free margin length, which is the
most important aspect for Rough-zone trimming procedure,
cannot be measured (Fig. 1-c). The aim of our study is
to establish the accurate method for measurement of the

anterior mitral leaflet free margin length by using the

Q-LAB MVQ software for RT-3DTEE.

2. Patients & Methods

2.1. Clinical Characteristics

Among the patients who underwent anterior mitral
valve leaflet repair between July 2010 and August 2012,
we studied 17 patients with data on 3D echocardiography
obtained pre- and intra-operatively and intraoperative direct
measurements of the anterior mitral leaflet free margin
(Table 1). All patients for MVP underwent Rough-zone
trimming procedure for anterior mitral leaflet and McGoon's
procedure for posterior mitral leaflet. Thirteen patients
underwent annuloplasty (Cosgrove Edwards Artificial valve
ring; Edwards, Irvine, CA). Combined surgery included 2
cases of CABG, 2 cases of TAP, and 4 cases of LA MAZE.
The anterior mitral leaflet free margin lengths measured
at different frames (early-opening frame of MV and
end-opening frame of MV) by using real-time 3D
echocardiography were compared with the values directly
measured during MVP.

This study was approved by the Institutional Review
Board of Sapporo Medical University School of Medicine.
Each subject received adequate explanation for the

informed consent.

2.2. Measurement method for free margin length by
using 3D Echocardiography
For intraoperative 3D data acquisition, 3D

echocardiographic mitral valve images were obtained by

a Antenior Coaptaion distance

b. Posterior Coaptation distance

c. Anterior Leaflet free marain length

d. Coaptation Length
AL PL

e. The free marpin length attheline of closure

AL Anterior Leaflet, PL: Postenior Leaflet

Fig. 1 A definition of measurement parts of the mitral valve
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Table 1. Patient Characteristic

Characteristic N=17 Walue
Mean age (vears) 46.2 (15-66)
Gender

Male(n} 10

Femalein) 7
Etiology

non-schermec 17

Ischemic 0
Concomitant procedures

TAP 2

CABG 2

La MAZE 4
Annuloplasty device size (mean + 5D (mm)) 28175

a Decide the estimated flame.

Early-opening flame of mitral valve End-opening flame of mitral valve
(first flame of mitral valve opening) (prior to mitral valve closure)
b. Plotthe mitral annulous point, c. Plot comissural point with MPR mode.

d. Plotthe leafletpoint.

Fig. 2 Measurement method of the free margin length
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using the Philips iE33 echocardiography system with X7-2
probe before the MVP. The images for 2 heart beats were
recorded with 3D zoom mode. The echocardiographic
images of MV obtained in 3D were analyzed by using
Q-LAB MVQ off-line. For rendering the two cross-sections
of the mitral valve ring, the cross-sections of two frames
[(1) early-opening frame of MV and (2) end-opening frame
of MV] were set for the measurement of the anterior mitral
leaflet free margin length (Fig. 2 -a) and analyzed with 3D
images. The measured data of the leaflet were obtained by
tracing the whole figure. The measurement procedure using
Q-LAB MVQ included the following: (a) determination
of the estimated frame, (b) plot of the mitral annular point,
(c) plot of commissural point with MPR mode, and (d) plot
of the leaflet point (Fig. 2). The anterior mitral leaflet free
margin length at each frame was measured.

SPSS (PASW Statistics 18; SPSS Inc, Chicago, IL)
was used for the statistical analysis of the data obtained.

3. Result

The free margin length values measured with Q-LAB
MVQ and the actual measured values directly measured
during MVP are shown in Table 1. Mean value at early-
opening frame of MV was 71.3 mm, while mean value at
end-opening frame of MV was 59.9 mm. The mean value of
the actual anterior mitral leaflet free margin length directly
measured intraoperatively was 58.5 mm. The mean value
revealed that the measurement values at the end-opening
frame of MV were closely related to the actual measured
values.

In addition, regarding the correlation between the
measured values with the 3D echocardiography and the
actual measured values directly measured intraoperatively,

the measured values at the early-opening frame of MV

had no correlation between the actual measured values
and r-value = 0.338 (P = 0.184) (Fig. 4). Conversely, the
measured values at the end-opening frame of MV had an
extremely high significant correlation between the measured
values and r-value = 0.980 (P < 0.0001) (Fig. 5).

4. Comment

We devised our own procedure for anterior mitral
leaflet resection without the use of artificial chordate
tendineae implants (Rough-zone trimming procedure) in
MVP. So far, early and midterm results were satisfactory.
The rough-zone trimming procedure is based on the concept
of creating a new deep coaptation area and has a very wide
range of applications. Only the rough zone of the prolapsed
surplus leaflet is resected, and the prolapsed leaflet-

free margin is retracted toward the left ventricle using

mm

P=0.134
R=0.338

Estimated values

550 v

450 T T T T T
450 500 550 60.0 650 700

T
750 mm

Measured values

Fig. 4 Comparison of measured and estimated values of Anterior
Leaflet free margin (early-opening flame)

Table 2. A average and a standard deviation of measured and estimated values

Average (1) SD (mm)
{1) Estmated values 713 1.1
(Eatly-opening flame of mitral valwve)
{2}  Estunated values 59.9 T.53
{End-opening flameof
tnitral walve)
(3) Measured Values 58.5 7.0
sk 12.3 10.2
|(3)-(2)] 1.61 i
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Fig. 5 Comparison of measured and estimated values of Anterior
Leaflet free margin (end-opening flame)

a suturing method and matched with the resection-free
margin. At present, determination of the extent of rough
zone resection, however, depends heavily on the surgeon’s
experience. If the prolapsed anterior mitral leaflet free
margin length could be evaluated based on pre-operative
echocardiographic findings, the extent of rough zone
resection using Rough-zone trimming procedure can be
estimated in advance. Rough-zone trimming is a promising
and highly developed procedure.

On the other hand, the debut of real-time 3D
echocardiography may enable measurement of anterior
mitral leaflet free margin length. The measurement
method, however, has not yet been established. The use of
Q-LAB MVQ software for real-time 3D transesophageal
echocardiography in this study establishes the measurement
system for the free margin at the line of closure. However,
the measurement system for free margin length has not
yet been established. Thus, we devised a measurement
method for free margin length by using real-time 3D
echocardiography, which is fundamental to Rough-zone
trimming procedure.

Determination of the estimated frame is the most
important aspect in the accurate measurement of anterior
mitral leaflet free margin length. The 3D echocardiographic
mitral valve images obtained automatically is divided
into eight frames per heart beat. Calculation based on the
images of anterior mitral leaflet free margin length in each
frame indicated that the free margin length fluctuated with
width and was not constant (Fig. 3). In the measurement
of the anterior mitral leaflet free margin length based on

3D echocardiographic mitral valve images, the free margin

during MV atresia (frames 1-3) was invisible because of
the junction between the anterior MV leaflet and posterior
MV leaflet, which rendered accurate measurement
impossible. Consequently, this measurement was excluded.
It was confirmed that different frames during MV opening
(frames 4-7) caused different measurement values.

The two points when the MV leaflets can be relatively
visible during MV opening are the first frame of MV
opening (frame 4) and prior to MV closure (frame 6),
which are considered as the optimum estimated frames.
Regarding prior to MV closure (frame 6), Greenhouse et
al. ® employed the estimated frame for antero-posterior
leaflet length of MV. Onishi et al. ” also used the frame
with R-wave peak time in ECG as end-opening frame of
MV. Thus, this study defined the two points for visible MV
leaflets during MV opening as the early-opening frame
and end-opening frame of MV. The optimum estimated
frames were decided by evaluating which measurement of
free margin length in the two points reflects the directly
measured free margin length values.

The measurement values of the anterior mitral leaflet
free margin length in the early-opening frame of MV had
a margin of error of 20-30 mm compared with the actual
measured values. No correlation between the measurement
values and the actual measured values was found, while
a significant correlation in the end-opening frame of MV
between the measurement values of the anterior mitral
leaflet free margin length and the actual measured values
was observed. That is, in the anterior mitral leaflet free
margin length measurement, the measurement values at the
end-opening frame of MV were more accurate and closely
reflected the actual measured values.

The reason for the significant correlation between the

Observe Anterior Leaflet Free ‘

! Observe Anterior Leaflet Free margin clearly
mar gin not-clearly

AL

70 1 (1) Early-opening
flame of mitral valve

(2) End-opening flame
of mitral valve

Estimated values of Anterior Leaflet free margin (mm)

- _‘v QRS wave

Mitral Valve dose \

| Mitral Valve open

a0

Framenumb er
Figure 3. Transition of Anterior Leaflet free margin length in
1-beat
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measurement values and actual measured values during the
end-opening frame of MV was due to the difference in the
opening angle of anterior mitral leaflet between the early-
opening frame and end-opening frame of MV and in the
leaflet view of MV when analyzed. Tsakiris et al."” reported
that in a normal MV, the maximum-opening frame of MV
was the early-opening frame. The opening-distance of MV
in the open-ending frame of MV (left atrial systolic phase)
did not correspond to the early-opening frame. In the
measurement of anterior mitral leaflet free margin length,
it is essential to plot the anterior mitral leaflet free margin
after 2D images for correlation with 3D images. When the
procedure is conducted, at the early-opening frame when
the MV opens maximally, the border between the anterior
mitral leaflet free margin and chordate tendinae becomes
unclear due to the bending-over of MV and the buffer
effect of the subvalvular tissue and left ventricular wall. In
many cases, calculation of the anterior mitral leaflet free
margin length is overestimated. On the other hand, at the
open-ending frame of MV, which shows MV images in
the course of MV closure, the anterior mitral leaflet free
margin is clearly demonstrated, and it is likely to reflect the
area close to the actual anterior mitral leaflet free margin.
Therefore, analysis of the open-ending frame of MV will
enable calculation of more accurate measured values.

Next, determination of the commissural point was
crucial for accurate measurement of the anterior mitral
leaflet free margin length. The commissural point was
determined by directly observing the MPR images (Fig.
2-c¢). Determination of the estimated frame at the end-
opening frame of MV clarified the border line of the
commissural point on the MPR images. Based on these
findings, calculation of the measurement values closer to
the actual measured values became feasible.

In conclusion, our novel Rough-zone trimming
procedure enables measurement of the anterior leaflet free
margin length by using 3D echocardiography. Based on the
use of the end-opening frame of MV and determination of
accurate commissural point, the novel measurement method
that dramatically improves accuracy of measurement values
and reflects the more accurate actual measured values was
established.
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