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Abstract

Introduction: The objective of this cohort study was to an-
alyze the long-term relative survival of degenerative valve
disease (DVD) patients who underwent mitral valve re-
pair (MVP) or replacement and aortic valve replacement
(AVR). Methods: A total of 146 patients underwent dou-
ble valve replacement (DVR) or MVP+AVR at four insti-
tutions between 2016 and 2022. Kaplan–Meier method
was applied to analyze survival rate. The potential predic-
tors of mortality were investigated by Cox regression. Re-
sults: Of 146 patients, 62 underwent MVP+AVR, and 84
underwent DVR. The thirty-day mortality rate was 4.76%
in the DVR cohort and 1.61% in the MVP+AVR cohort.
At baseline, there were differences in age (63.39 ± 8.01
vs. 58.46 ± 9.92, p = 0.012), proportions of male patients
(51.61% vs. 72.62, p = 0.014), smoking history (45.16% vs.
28.57%, p = 0.039). More biological valves were applied
in the MVP+AVR cohort (77.42% vs. 47.62%, p < 0.001).
There was no significant difference in mortality between
the cohorts (1339.5 [Interquartile range (IQR), 1021.25–
1876.75] vs. 1026.00 [IQR, 679.50–1674.00], p = 0.252).
The overall mortality rate was 16.67% for DVR and 6.45%
for MVP+AVR. Mechanical valve replacement (hazard ra-
tio (HR) = 3.7, 95% confidence interval (CI): 1.0–12.0, p
= 0.029) was increased the risk of postoperative mortal-
ity. Conclusion: Although the superiority of MVP+AVR
was not verified with statistical significance in our cohort,
we believe that MVP+AVR should be the preferred strategy
for treating most DVD patient because it is associated with
higher survival rates during follow-up.

Keywords

heart valve disease; morbidity; mortality

Introduction

The proportion of valvular disease cases with degen-
erative etiology has increased gradually [1,2]. However,
multiple valve disease less frequently develops in patients
with degenerative valve disease (DVD). According to the
2017 and 2021 guidelines published by the European Soci-
ety of Cardiology and the European Association for Cardio-
Thoracic Surgery, more data about multiple valve disease
are needed, in terms of its natural history and the outcomes
of its treatment to better define the indications for interven-
tion [3,4]. According to the American Heart Association
and American College of Cardiology 2014 guidelines, there
is a paucity of data on the natural history of mixed valve
disease [5]. Thus, more clinical data about multiple-valve
disease are needed.

With improvements in surgical techniques and out-
comes, mitral valve repair (MVP) is a low-risk procedure
that provides excellent long-term durability of repair in mi-
tral valve disease. However, the technique of MVP for the
treatment of multiple valve disease in patients with DVD
should be the focus of further research. To understand
whether DVD patients benefit from MVP+aortic valve re-
placement (AVR), we used a four-center database to iden-
tify patients who underwent MVP+AVR and those who un-
derwent double valve replacement (DVR). In particular, the
survival of patients who underwent different surgical pro-
cedures is also considered.

Methods

Patient Population

965 patients underwent simultaneous aortic and mitral
valve surgery at four centers between 2016 and 2022. Man-
ual chart review was performed by four cardiac surgeons.
The exclusion criteria included concomitant coronary artery
bypass grafting, congenital heart disease, aortic dissection,
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Table 1. Baseline characteristics of patients with MVP+AVR or DVR.
MVP+AVR (n = 62) DVR (n = 84) p value

Age, years 63.39 ± 8.01 58.46 ± 9.92 0.012
Age ≥70 years 18 (29.03) 8 (9.53) 0.004

Gender, men, n (%) 32 (51.61) 61 (72.62) 0.014
BMI (kg/m2) 25.08 ± 4.21 24.18 ± 3.79 0.264
BSA (m2) 1.74 ± 0.24 1.73 ± 0.18 0.766
History of alcohol, n (%) 11 (17.74) 14 (16.67) 0.518
History of smoking, n (%) 28 (45.16) 24 (28.57) 0.039
Hypertension, n (%) 30 (48.39) 38 (45.24) 0.739
Diabetes mellitus, n (%) 6 (9.67) 8 (9.52) 0.975
AF, n (%) 24 (38.71) 34 (40.48) 0.829
eGFR (mL/min/1.73 m2) 81.42 ± 17.09 82.59 ± 20.93 0.180
AV disease

Stenosis 8 (12.90) 12 (14.29) 0.810
Regurgitation 42 (67.74) 58 (69.05) 0.867
Mixed lesion 12 (19.35) 14 (16.67) 0.675

MV disease
Regurgitation 62 (100.00) 83 (98.81) 1.000
Mixed lesion 0 (0.00) 1 (1.19) -

LAD (mm) 48.45 ± 6.02 50.60 ± 7.09 0.128
LVESD (mm) 46.82 ± 7.88 43.89 ± 9.42 0.118
LVEDD (mm) 65.61 ± 7.08 62.97 ± 9.75 0.162
EF (%) 53.30 ± 9.02 55.82 ± 9.08 0.180
BNP (pg/mL) 1335.00 (587.14, 2762.00) 1108.00 (319.21, 4980.00) 0.727
EuroSCORE II 1.87 (1.18, 4.01) 1.41 (0.99, 2.08) 0.020

Continuous variables reported as mean (SD) or median (25%, 75%). Categorical variables reported
as n (%). AF, Atrial fibrillation; AV, Aortic valve; AVR, Aortic valve replacement; BMI, Body
Mass Index; BNP, B-type natriuretic peptide; BSA, body surface area; EF, eject fraction; DVR,
Double valve replacement; eGFR, estimated glomerular filtration rate. eGFR was calculated using
the Chronic Kidney Disease Epidemiology collaboration equation (https://www.kidney.org/profess
ionals/KDOQI/gfr_calculator); EuroSCORE Ⅱ, European System for Cardiac Operative Risk Eval-
uation Ⅱ; LAD, Left atrial dimension; LVEDD, Left ventricular end diastolic dimension; LVESD,
Left ventricular end systolic dimension; MVP, Mitral valve repair.

rheumatic heart disease, infectious endocarditis, and tricus-
pid regurgitation. Of these, 146 DVD patients who under-
went primary simultaneous AVR, and either MVR (n = 84)
or MVP (n = 62) were included.

Outcomes and Covariates

Information about survival and deaths were obtained
through telephone interviews or outpatient chart review.
To assess other covariates associated with overall survival,
we considered age, history of smoking, alcohol, hyperten-
sion, diabetes mellitus, atrial fibrillation (AF), periopera-
tive B-type natriuretic peptide (BNP), EuroSCORE Ⅱ, and
estimated glomerular filtration rate (eGFR). Perioperative
echocardiographic data was also collected.

Operative Techniques and Follow-Up

Following a standard median sternotomy, surgical
procedures were performed under cardiopulmonary bypass
at 34 °C and cold blood cardioplegia arrest. At all 4 cen-
ters, the mitral and aortic valves were exposed using sim-
ilar methods, a right atriotomy to the atrial septum and
a ‘hockey-stick’ incision in the ascending aorta, respec-
tively. Decisions to repair were made intraoperatively fol-
lowing transoesophageal echocardiogram and exploration
and inspection of the mitral valve. During MVR, the
posterior leaflet preservation technique or the no leaflet
preservation technique was performed. For MVP, surgical
techniques included neochorade, edge-to-edge repair, com-
missurotomy, leaflet patch augmentation, resection of the
leaflet, suture of the cleft of the anterior leaflet, and a sup-
porting annuloplasty ring. Then, the aortic valve was re-
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Table 2. Surgical details and mortality.
MVP+AVR (n = 62) DVR (n = 84) p value

Mechanical aortic valve, n (%) 14 (22.58) 44 (52.38) <0.001
Biological aortic valve, n (%) 48 (77.42) 40 (47.62) <0.001
Mechanical mitral valve, n (%) - 44 (52.38) -
Biological mitral valve, n (%) - 40 (47.62) -
Cox Maze IV, n (%) 13 (20.97) 20 (23.81) 0.842
LAA amputated 28 (45.16) 30 (35.71) 0.305
MV techniques

Annuloplasty+neochordae, n (%) 49 (79.03) - -
Annuloplasty+edge-to-edge repair, n (%) 6 (9.68) - -
Annuloplasty+leaflet patch augmentation, n (%) 1 (1.61) - -
Annuloplasty+resection of leaflet, n (%) 4 (6.45) - -
Annuloplasty+suture of indentation of anterior leaflet, n (%) 2 (3.23) - -
Posterior leaflet preservation, n (%) - 67 (79.76) -
No leaflet preservation, n (%) - 17 (20.24) -

CPB duration (min) 132.91 ± 26.81 184.43 ± 63.72 <0.001
Clamping time (min) 98.00 ± 17.87 112.01 ± 23.49 0.004
30-Day mortality rate, n (%) 1 (1.61) 4 (4.76) 0.395
Categorical variables reported as n (%).
LAA, Left atrial appendage; MV, Mitral valve; CPB, Cardiopulmonary bypass.

Fig. 1. Kaplan-Meier curves depicting for MVP+AVR and DVR.
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placed. The aorta was closed after the deairing maneuvers.
The enlarged left atrial appendage was routinely amputated.
For patients with symptomatic AF, the biatrial Cox-Maze
IV procedure was performed according to the guidelines
[6]. The early and late mortality were defined according
to the “Guidelines for Reporting Mortality and Morbidity
After Cardiac Valve Interventions” [7].

Statistical Analysis

Statistical methods were described in previous study
[8,9]. Statistical analysis was performed by using R soft-
ware (version 4.1.2; R Foundation for Statistical Comput-
ing, Beijing, China).

Baseline Characteristics

Table 1 shows characteristics of the patients in two
group. The MVP+AVR patients were older than the DVR
patients (63.39 ± 8.01 vs. 58.46 ± 9.92, p = 0.012). Pa-
tients aged ≥70 years was more in the MVP+AVR group
than in DVR group (29.03% vs. 9.53%, p = 0.004). Con-
versely, 72.62% of the patients in the DVR group were
male. Patients who underwent MVP+AVR were more
likely to have a history of smoking (45.16% vs. 28.57%,
p = 0.039). There was no differences in the preoperative
prevalence of AF when comparing both groups: they were
38.71% and 40.48%, respectively. There was a significant
difference in EuroSCORE II between two groups (1.87%
[Interquartile range (IQR) 1.18 to 4.01] vs. 1.41% [IQR
0.99 to 2.08], p = 0.020).

Surgical Details

Surgery details are listed in Table 2. The MVP+AVR
group had a higher rate of biological valve prosthesis use
than the DVR group (77.42% vs. 47.62%, p < 0.001). In
terms of the Cox Maze IV procedure, there was no statisti-
cally significant difference between the MVP+AVR group
and the DVR group (20.97% vs. 23.81%, p = 0.842). The
30-day mortality rate was 4.76% (4/84) in the DVR group
and 1.61% (1/62) in the MVP+AVR group.

Survival for MVP+AVR and DVR Patients

The median duration of follow-up after hospital dis-
charge was 1221 (IQR, 838.00–1828.50) days, with a max-
imum of 2083 days. There was no significant difference
in mortality between the cohorts (1339.5 [IQR, 1021.25–
1876.75] vs. 1026.00 [IQR, 679.50–1674.00], p = 0.252).
Fig. 1 shows Kaplan‒Meier survival curves.

At the end of the postoperative follow-up period, three
patients in the MVP+AVR group had died. The causes of
death were as follows: infection (n = 1) and cancer (n =
2). Ten patients in the DVR group died. The causes of
death were as follows: heart failure (n = 1), sudden car-

Fig. 2. Adjusted and unadjusted survival curves inMVP+AVR
and DVR groups.

Table 3. HRs for survival analysis.
Variable HR (95% CI) p value

Mechanical valve 3.7 (1.00–12.00) 0.029
Perioperative LAD >50 mm 2.1 (0.69–6.50) 0.187
Age of 70 years or older 1.4 (0.39–5.20) 0.591
Cox Maze IV 0.6 (0.13–2.70) 0.508
MVP+AVR 0.46 (0.13–1.70) 0.262

α = 0.05 for CI. HR, Hazard ratios; AVR, Aortic valve re-
placement; CI, Confidence interval; MVP, Mitral valve re-
pair; LAD, Left atrial dimension.

diac death (n = 2), stroke (n = 4) and unknown causes (n =
3). In Fig. 2, at the end of the last observed event, the un-
adjusted survival rate in the MVP+AVR group was 92.1%
(95% confidence interval (CI): 0.835–1.000). When adjust-
ing for age ≥70 years, history of smoking, Cox Maze IV
procedure, and mechanical valve implantation, the survival
rate in the MVP+AVR group was 100%. The unadjusted
survival rate in the group with DVR was 82.7% (95% CI:
0.726–0.943). When adjusting for age ≥70 years, history
of smoking, Cox Maze IV procedure, mechanical valve im-
plantation, the survival rate in the DVR group increased to
93.4% (95% CI: 0.817–1.000).

The final model is shown in Table 3. Mechanical valve
replacement (Hazard ratios (HR) = 3.700, 95% CI: 1.00–
12.00, p = 0.029) was associated with a higher risk of long-
term mortality. However, Cox Maze IV (HR = 0.610, 95%
CI: 0.13–2.70, p = 0.508), perioperative left atrial dimen-
sion (LAD) >50 mm (HR = 2.100, 95% CI: 0.69–6.50, p
= 0.187), and age of 70 years or older (HR = 1.400, 95%
CI: 0.39–5.20, p = 0.591) were not significantly associated
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with a higher risk of long-term mortality. Relative to DVR,
MVP+AVR was associated with a lower mortality rate (HR
= 0.464, 95% CI: 0.13–1.70, p = 0.262), adjusting for age
≥70 years, Cox Maze IV procedure, perioperative LAD
>50 mm, and mechanical valve replacement.

Discussion

Although survival in the MVP+AVR was numerically
higher, Kaplan-Meier (KM) analysis did not show statistical
significance, probably due to the small sample size. Thus,
we believe that it is necessary to verify the superiority of
MVP+AVR in the treatment of DVD patients with larger
sample size.

Hamamoto et al. [10] previously demonstrated that
the survival rate 15 years after surgery was similar between
MVP+AVR and DVR. However, only 37 out of 379 pa-
tients had degenerative heart disease. Similarly, Leavitt et
al. [11] claimed that MVP+AVR was associated with sig-
nificantly lower in-hospital mortality and higher survival
rates than DVR. However, the etiology of the valve disease
was not described. Thus, the results of MVP+AVR in DVD
patients are still unclear [11]. Recently, the opinion that
MVP+AVRmay be a feasible option for DVD patients have
been demonstrated. Coutinho et al. [12] demonstrated that
MVP can be the procedure of choice whenever feasible in
nonrheumatic patients undergoing AVR. These results can
build enthusiasm for surgery in these patients. However,
these clinical data from patients who underwent coronary
artery bypass grafting or tricuspid valve surgery were en-
rolled, which may have led to some heterogeneity of the
data [13,14]. Recently, Egger et al. [15] demonstrated that
both DVR and MVP+AVR are reasonable options for DVD
patients. In that analysis, 72 out of 89 cases with degen-
erative etiologies were included. However, the proportion
of patients with other valve etiologies, such as rheumatic,
endocarditis, and stenosis, were mixed in the final analysis.
Although most etiologies are degenerative, selection bias
cannot be eliminated sufficiently. In this study, we focused
on the role of MVP+AVR in a cohort of isolated DVD pa-
tients. Our results found herein are compatible with and
extend these results.

In our study, MVP+AVR was much more commonly
performed in DVD patients with valve regurgitation, which
is consistent with the proportion of patients with mitral re-
gurgitation in the MVP+AVR cohort (Table 1). A previous
study indicated that multiple-valve regurgitation in patients
with DVD is a typical example of a frequent yet understud-
ied scenario [16]. According to the 2017 AHA/ACC fo-
cused update of the 2014 AHA/ACC guidelines, if valve
regurgitation is severe, MVP or replacement is a Class I rec-
ommendation (level B evidence) for patients with chronic
severe primarymitral regurgitation undergoingAVR. If aor-
tic regurgitation is severe and primary mitral regurgitation

is moderate, MVP+AVR is considered reasonable (Class
IIa, level of evidence C) [17]. Thus, MVP for the treat-
ment of mitral regurgitation has been established as the
gold standard of surgical care for patients with DVD [18].
Furthermore, compared with that in the DVR cohort, the
30-day mortality rate in the MVP+AVR group was 1.61%,
coinciding with previously reported 30-day mortality rates
[12,14,15]. It should be noted that the long-term mortality
rate of patients who underwent MVP+AVR in our cohort
was lower (4.92%). It indicated that reoperation and mor-
tality in the mitral valve after a good repair should be lower
than after bioprosthetic valve replacement in the long-term.

Limitations

There are some limitations in our study. First, after
exclusion, our sample size was small. Our results could not
be generalizable to the overall population. Second, it should
be noted that as a multiple-center study, the experience of
the center and the surgeon plays a significant role in the
long-term outcomes.

Conclusion

Although the superiority of MVP+AVR was not veri-
fied, we believe that whenever feasible, MVP+AVR is the
procedure of choice for treating DVD patients because it is
associated with reduced mortality and higher survival rates
during the follow-up period.
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