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Abstract

Objective This study aimed to evaluate the outcomes of mitral valve (MV) repair versus MV replacement with preservation
of the entire subvalvular apparatus.

Methods We retrospectively searched our dedicated in-hospital database for patients who underwent MV surgery between
2012 and 2017.

Results A total of 82 patients were divided into a group that underwent MV replacement (n=35) and a group that underwent
MYV repair (n=47). Patients undergoing MV replacement were significantly older (» <0.01). Mortality at 30 days was not
significantly different [MV replacement: n=1 (2.9%), MV repair: n=0 (0%); p=0.43]. The single case of 30-day mortality
after MV replacement was due to acute aortic dissection. The total cohort did not show significant differences in long-term
survival (p =0.07). There were no cardiac-related deaths in this cohort. Postoperative left ventricular end-diastolic diameter
(MV replacement: 45.4 +6.2 mm, MV repair: 45.6 +5.8 mm; p=0.89), left ventricular end-systolic diameter (MV replace-
ment: 29.6+7.1 mm, MV repair: 29.4 +5.2 mm; p=0.89), and ejection fraction (MV replacement: 59.2 +11.4%, MV repair:
62.0+6.8%; p=0.17) were not significantly different.

Conclusions This study found that MV replacement had operative mortality, long-term survival, and complication rates
similar to those of MV repair. There were no cardiac-related deaths in this cohort. MV replacement with preservation of the
entire subvalvular apparatus does not seem to be inferior to MV repair.
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Introduction

Mitral regurgitation (MR) is one of the most prevalent val-
vular diseases in developed countries [1, 2]. Degenerative
MR requires surgical correction, which improves prognosis
[3] and restores normal life expectancy [4]. Clinical guide-
lines recommend mitral valve (MV) repair over MV replace-
ment on the basis of comparative studies conducted in the
1980s. A recent study based on a large multicenter database
also demonstrated the superiority of MV repair in terms of
operative mortality, left ventricular function, valve-related
complications, and long-term survival [5].
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However, in many studies, the procedure used for sub-
valvular apparatus preservation was unclear, and only pos-
terior leaflet preservation was commonly performed. MV
replacement with subvalvular preservation is associated
with postoperative remodeling similar to that after MV
repair. Anticoagulation protocols vary among countries [6,
7]. Recently, the designs of artificial valves have improved,
and the incidence of thromboembolism is low as long as an
optimal range of anticoagulation is maintained. However,
some reports have not demonstrated the superiority of MV
repair in specific subgroups such as elderly patients, female
patients, or patients with ischemic MR.

Therefore, which surgical technique should be used
remains unclear. At our hospital, MV replacement with pres-
ervation of the entire subvalvular apparatus is performed
for degenerative MR. In this study, we investigated the out-
comes of MV repair versus MV replacement with preserva-
tion of the entire subvalvular apparatus at our institution.
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Methods
Patient data

We retrospectively explored our dedicated in-hospital
database for patients who underwent MV surgery between
2012 and 2017. Among 129 patients, those who under-
went repeat MV surgery or had rheumatic valve pathology,
moderate mitral stenosis, or ischemic MR were excluded.
In the MV replacement group, 1 patient who underwent
anterior leaflet resection because of calcification was
excluded. The remaining 82 patients were divided into
those who underwent MV replacement (n=35) and those
who underwent MV repair (n =47).

Surgical procedure

The decision to perform either MV replacement or MV
repair was made through a discussion among the heart
team members at our hospital. We considered MV replace-
ment for patients older than 78 years or when successful
and durable repair was difficult to accomplish.

Various surgical techniques to repair the MV were used
according to the valve anatomy. Resection of leaflets was
performed in appropriate cases. In cases with both anterior
and posterior leaflet prolapse, insertion of artificial Gore-
Tex neochordae to resuspend the prolapsing segments was
performed as needed. In some cases, only insertion of neo-
chordae was performed. Commissural annuloplasty or leaf-
let folding was also performed. Leaflet surgery was always
supplemented with remodeling annuloplasty with a ring.

MYV replacement was performed with everting mattress
sutures. The entire subvalvular apparatus and anterior leaf-
let were preserved. We did not divide the leaflets or insert
leaflets with sutures. The prosthetic valve was placed with
thread enclosing the leaflets.

Echocardiography

Echocardiography was performed preoperatively and at
follow-up (on average, 2 + 1.3 years after surgery). Follow-
up data were obtained for 80 patients (97.6%). Ejection
fraction (EF) was calculated using the biplane modified
Simpson method. Left atrial volume index (LAVI) was
calculated using the biplane area-length method. Delta EF
and LAVI were calculated by subtracting postoperative
values from preoperative values.

Anticoagulation

Patients who underwent mechanical valve replacement
were taking lifelong warfarin, with a target international
normalized ratio of 2.0-2.5. The duration of warfarin ther-
apy was 6 months after prosthetic valve replacement and 3
months after MV repair. Postoperative antiplatelet therapy
was continued in patients with coronary artery disease.

Follow-up

Data on events were collected through a direct review of
clinical data, patient interviews, and follow-up letters.
Causes of death were adjudicated by reviewing death cer-
tificates as well as physician and hospital notes.

Outcomes

The primary endpoint was all-cause mortality, and the sec-
ondary endpoints were 30-day mortality, reoperation, fol-
low-up echocardiography findings, thromboembolism, and
major bleeding.

Statistical analysis

All data were retrospectively analyzed. Data are presented as
absolute numbers and percentages for categorical variables
and as mean values and standard deviations for continuous
variables, unless stated otherwise. Dichotomous variables
were compared using Fisher’s exact test and the Chi square
test, and continuous variables were compared using paired
and unpaired ¢ tests, as appropriate. P values were reported
without correction for multiple testing. The level of signifi-
cance was set as a two-tailed p value < 0.05. Kaplan—-Meier
calculations were performed for survival analyses. All sta-
tistical analyses were performed with EZR 1.37 (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria). More precisely,
it is a modified version of R commander designed to add
statistical functions frequently used in biostatistics.

Results

Baseline characteristics

The baseline characteristics of the overall population are
shown in Table 1. In the overall cohort (N =82), patients

undergoing MV replacement were significantly older
(» <0.01) and were more likely to undergo concomitant
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Table 1 Baseline characteristics

of the overall patient cohort Variable Replace (n=35) Repair (n=47) p value
Age, mean (SD), years 77.9 (8.3) 61.2 (10.4) <0.001
Sex (female, %) 16 (445.7) 20 (42.6) 0.82
NYHA (%) III-1V 7 (20.0) 3(6.4) 0.08
HTN (%) 13 (37.1) 9 (19.1) 0.13
DL (%) 6(17.1) 11 (23.4) 0.56
DM (%) 6(17.1) 3(6.4) 0.16
COPD (%) 1(2.9) 1(2.1) 1
Ischemic heart disease (%) 4(11.4) 3(6.4) 0.45
Renal dialysis (%) 1(2.9) 0(0.0) 0.43
AF (%) 19 (54.3) 9 (19.1) 0.002
LVEDD, mean, mm, (SD) 50.9 (6.7) 54.3 (6.4) 0.025
LVEDS, mean, mm, (SD) 32.5(7.6) 33.6 (6.2) 0.47
LVEF, mean, %, (SD) 65.2 (11.1) 66.4 (6.9) 0.55
LAVI, mean, ml/m?, (SD) 54.2 (17.8) 48.5 (17.73) 0.16
Additional aortic valve surgery (%) 3(8.6) 0(0.0) 0.57
Additional tricuspid valve surgery (%) 28 (80.0) 27 (57.4) 0.040
Additional CABG (%) 129 3(6.4) 0.63
Additional AF procedure (%) 8(23.4) 11 (23.4) 1
Additional aortic surgery (%) 2(5.7) 1.1 0.57

tricuspid valve surgery (p=0.04). Patients undergoing
MYV replacement more often had a history of atrial fibril-
lation (p =0.002). Left ventricular end-diastolic diameter
(LVEDD) was significantly smaller in MV replacement
cases (50.9+ 6.7 mm versus 54.2 +6.4 mm, p=0.025).

Operative and follow-up findings

The aortic cross-clamp time (MV replacement:
76.3 £20.2 min, MV repair: 86.9 + 18.6 min; p=0.017)
was significantly different between the 2 groups; how-
ever, the cardiopulmonary bypass time (MV replacement:
118.7 £35.9 min, MV repair: 120.5+25.4 min; p=0.79)
and operative time (MV replacement: 216.4 +54.5 min, MV
repair: 222.1 +43.8 min; p=0.60) were not significantly
different.

Mortality at 30 days was not significantly different [MV
replacement: n=1 (2.9%), MV repair: n=0 (0%); p=0.43].

The single case of 30-day mortality after MV replacement
was due to acute aortic dissection.

In the MV replacement group, more bioprosthetic valves
than mechanical valves were implanted [bioprosthetic valve:
n=29 (85.3%), mechanical valve: n=5 (14.7%)].

The incidence of stroke during follow-up [MV replace-
ment: n=1 (2.9%), MV repair: n=1 (2.1%); p=1] was not
significantly different between the 2 groups. Major bleeding
or reoperation did not occur during the follow-up period
(Table 2).

Survival

The median follow-up period was 2 years (734 days) in the
overall cohort, 1.8 years (613 days) in the MV replacement
group, and 2.2 years (813 days) in the MV repair group. The
maximum follow-up period was 5 years (1818 days) in the
overall cohort.

Table 2 Acute procedural
results and follow-up

Variable Replace (n=35) Repair (n=47) p value
30-day mortality (%) 1(2.9) 0(0.0) 0.43
Major bleeding (%) 0 0 NA
Stroke (%) 1(2.9) 1(2.1) 1
Cross-clamp time, minutes, mean (SD) 76.3 (20.2) 86.9 (18.6) 0.017
Bypass time, minutes, mean (SD) 118.7 (35.9) 120.5(25.5) 0.79
Operation time, minutes, mean (SD) 216.4 (54.5) 222.1 (43.8) 0.60
Re-admission for HF (%) 2(5.7) 4 (8.5) 0.69
Reoperation (%) 0(0) 0(0) NA
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Fig. 1 Overall survival
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On Kaplan—Meier analysis, the total cohort did not show
significant differences in long-term survival at 1, 2, and
3 years (MV replacement: 97.2%, 97.2%, and 89.7% versus
MYV repair: 100%, 100%, and 100%, respectively; p=0.07)
(Fig. 1). During follow-up, only 2 patients in the MV
replacement group died. One patient died within 30 days
after surgery, and the other died of cancer. There were no
cardiac-related deaths.

Echocardiography findings

Echocardiographic data were obtained for 80 patients
(97.6%), on average at 1.7 + 1.3 years after MV replace-
ment and 2.2 + 1.3 years after MV repair (p=0.11).
LVEDD (MV replacement: 45.4+6.2 mm, MV repair:
45.6+5.8 mm; p=0.89), left ventricular end-systolic
diameter (LVESD) (MV replacement: 29.6 +7.1 mm, MV
repair: 29.4 +5.2 mm; p=0.89), and EF (MV replacement:
59.2+11.4%, MV repair: 62.0 +£6.8%; p=0.17) were not
significantly different. Postoperative LAVI showed a sig-
nificant difference (MV replacement: 42.5 +15.5 ml/m?,
MV repair: 31.0+ 11.8 ml/m?; p <0.001). The number of
patients with moderate or severe MR was not significantly
different [MV replacement: 0 (0%), MV repair: 3 (6.4%);
p=0.26] (Table 3).

Table 3 Follow-up echocardiography

Variable Replace (n=35) Repair (n=47) p value

LVEDD, mean, mm, 454 (6.2) 45.6 (5.8) 0.88
(SD)

LVEDS, mean, mm, 29.6 (7.1) 29.4 (5.2) 0.89
(SD)

LVEF, mean, %, (SD) 59.2(11.4) 62.0 (6.8) 0.17

LAVI, mean, ml/m?, 42.5 (15.5) 31(11.9) <0.001
(SD)

Delta EF, % (SD) 5.6 (10.5) 4.8(9.3) 0.71

Delta LAVI, % (SD) 11.1 (13.0) 17.5(11.8) 0.027

Moderate or severe MR 0(0.0) 3(6.4) 0.26
(%)

Discussion

This study had 3 important findings. First, no cardiac-
related deaths occurred in either group during follow-up.
Second, there were no differences in left ventricular func-
tion between the MV replacement and MV repair groups.
Finally, there were no differences in valve-related compli-
cations between the 2 groups.

Although no randomized trials comparing MV replace-
ment and MV repair have been conducted in patients with

@ Springer



440

General Thoracic and Cardiovascular Surgery (2019) 67:436-441

degenerative MR, the current American Heart Associa-
tion/American College of Cardiology, European Society of
Cardiology, and Japanese Circulation Society guidelines
strongly recommend MV repair as the preferred surgical
method for the treatment of severe degenerative MR [4, 8].
The evidence supporting these recommendations is based
on studies conducted in the 1980s. Moreover, a recent
study based on a large multicenter database also demon-
strated the superiority of MV repair [5, 9]. However, the
procedure used for subvalvular apparatus preservation was
unclear and only posterior leaflet preservation was com-
monly performed [9—-11]. Our study is thus unique because
we compared MV replacement with MV repair, focusing
on the preservation of the entire subvalvular apparatus in
patients with degenerative MR and precisely described the
subvalvular-sparing procedure. The present analysis indi-
cates that MV replacement has operative mortality, long-
term survival, and complication rates similar to those of
MYV repair. Moreover, no cardiac-related deaths occurred.

In this study EF, LVEDD, and LVESD were not sig-
nificantly different between before and after the operation.
Delta EF was also not significantly different. LVEDD and
LVESD returned to the normal ranges after surgery in both
groups. This indicated that left ventricular remodeling
after surgery is similar after both MV replacement and
MV repair. Previous studies have shown the importance
of the subvalvular apparatus [10—12]. Preservation of the
entire subvalvular apparatus showed an advantage in terms
of a reduction in the left ventricular chamber size, systolic
afterload, and left ventricular ejection performance when
compared with those on partial subvalvular apparatus pres-
ervation [13]. We hypothesized that this advantage was
because of the preservation of the chordae of the anterior
leaflet, which can prevent posterior mitral annular tilt and
improve the vortex pattern during diastole, like anterior
papillary muscle relocation for ischemic MR [14, 15].
The results of this study are in concordance with those of
several previous studies. Preservation of both the anterior
and posterior leaflets can explain the non-inferiority of EF
in MV replacement, which can result in decreased post-
operative mortality because most deaths seen after MV
replacement were due to heart failure with low cardiac
output syndrome [9].

Although preoperative LAVI showed no signifi-
cant difference between the 2 groups (MV replacement:
54.2+187.8 ml/m?, MV repair: 48.5+ 17.7 ml/m?; p=0.16),
postoperative LAVI showed a significant difference (MV
replacement: 42.5+15.5 ml/m?, MV repair: 31.0+11.8 ml/
m?; p<0.001). Elderly patients tend to have difficulty in
left atrial remodeling, and atrial fibrillation could cause
left atrial dilation. In this study, the MV replacement group
included more elderly patients and those with atrial fibrilla-
tion, which can explain the difference in postoperative LAVI.
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Further, in this study, there were no significant differences
in the incidence of major bleeding or thromboembolism
between the groups. Frequent use of bioprosthetic valves
may explain the low incidence of valve-related complica-
tions. Elderly patients tend to require MV replacement. MV
replacement with bioprosthetic valves in elderly patients
may not increase the risk of valve-related complications
compared with that with MV repair. In this study, the aver-
age age of the patients who underwent MV replacement was
77.9 years. The rate of freedom from SVD at 10 years after
MVR was reported to be 100% in some studies on patients
aged > 70 years [16—18]. According to these data, SVD after
operation does not seem to affect the outcome of MVR per-
formed in elderly patients. Therefore, MV replacement may
not be inferior to MV repair in elderly patients receiving
bioprosthetic valves.

Limitations

Our study has a retrospective design and was conducted at a
single center. Consequently, it included a limited number of
patients. There is a possibility of beta error in this study. The
mean follow-up period was 2.1 + 1.4 years. Thus, further
observation is required to verify our conclusions. In addi-
tion to these limitations, the baseline patient characteristics
were different between the MV replacement and MV repair
groups.

Conclusion

Data from our hospital demonstrated no differences in opera-
tive mortality, left ventricular function, valve-related com-
plications, and long-term survival between MV replacement
and MV repair. MV replacement with preservation of the
entire subvalvular apparatus does not seem to be inferior to
MYV repair.
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