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Abstract

Background:Some of the patients who have undergone mitral valve surgery may develop into aortic valve disease as time

goes on. This study aimed to explore the influencing factors of the long-term outcome of the aortic valve after mitral valve

surgery. Methods:Patients who underwent mitral valve surgery from 2010 to 2016 in Zhujiang Hospital were divided into two

groups according to the outcome of the aortic valve. Those who had significant aortic valve disease progression after mitral

valve surgery were classified into the progression group, and the other patients were classified into the non-progression group.

Collected clinical data including echocardiography for statistical analysis. Results:Finally, 144 patients (59 males, 40.97%)

were enrolled, with an average age of 50.35 ±11.32 years, and a median follow-up period of 4.2 years. Five related factors

were determined by multivariate analysis, including tricuspid ring annuloplasty (p=0.010, OR=0.12), left ventricular diameter

(p=0.023, OR=0.93), mild to moderate aortic valve disease (p=0.009, OR=7.17), mitral prosthesis size (p=0.032,=OR=2.51),

aortic valve peak velocity (p=0.008, OR=3.99). Conclusions:The progression of aortic valve disease after mitral valve surgery

is related to a variety of factors. It may be mainly due to the increase of left ventricular preload and a series of hemodynamic

changes after mitral valve surgery. For such patients, a comprehensive consideration is needed to formulate the surgical plan,

rather than using the valve area as the sole criterion for determining whether to undergo aortic valve surgery at the same time

or not.

Introduction

Mitral valve disease (MVD) is a common heart disease caused by rheumatic fever in most developing coun-
tries. For such diseases with clear indications, the most effective treatment is mitral valve surgery (repair,
commissural incision, or valve replacement) [1]. However, the aortic valve disease (AVD) is present in up to
40% of patients with rheumatic MVD [2], and some patients who have undergone mitral valve surgery will
develop AVD over time and may even need reoperation. Preoperative AVD in these patients is often mild to
moderate. Concerning these patients, it has been controversial whether it is necessary to perform aortic valve
surgery while dealing with the mitral valve. Since double valve replacement is more often associated with
higher risk and poorer long-term survival than either of the two valves alone [3-4]. The decision of a surgical
plan is often made by the surgeon during the operation. At present, there are few reports on the long-term
outcomes and influencing factors of the aortic valve after single mitral valve surgery [5-8]. In this study,
144 patients who underwent mitral valve surgery (except for simultaneous aortic valve surgery) in Zhujiang
Hospital of Southern Medical University from January 2010 to December 2016 were analyzed retrospectively.
This study aimed to explore the predictors and to formulate clinical diagnosis and treatment strategies for
the long-term progression of AVD after mitral valve surgery.
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Materials and Methods

Study Population

From January 1, 2010 to December 31, 2016, 241 patients received mitral valve repair/replacement(except
for simultaneous aortic valve surgery)in Zhujiang Hospital of Southern Medical University. We classified all
valvular lesions into mild, moderate and severe strictly according to the guidelines. Since the purpose of this
study was to investigate the long-term effects of mitral valve surgery on the aortic valve, we also excluded
patients who died within 30 days of surgery (n=6), patients with significant progression of AVD within 30
days after surgery (n=7, The progression of these patients may be due to the direct factors of surgery)
and patients who were followed for less than 2 years (n=84). Finally, 144 eligible patients were selected
for the study. A flow diagram of included and excluded patients is provided in the Figure 1. Demographic,
clinical, and perioperative data of the patients were collected. Patients were examined by transthoracic
echocardiography before surgery, within 2 weeks after surgery, 1 month, 2 months, and 6 months and then
yearly for at least 2 years after discharge (the average follow-up time was 1554.72±759.03 days). According
to the results of follow-up echocardiography of the aortic valve, patients were divided into a progression
group and a non-progression group. Those who meet the following conditions were defined as the progression
group (n=25, 17.36%): 1. The follow-up of no or mild AVD progressed to moderate or severe aortic valve
disease; 2. The follow-up of moderate AVD progressed to severe. The non-progression group(n=119, 82.64%)
was defined as: until the last follow-up echocardiography, there was no newly identified moderate AVD or no
progression of AVD which was originally mild to moderate. The data collection ended in December 2019.

Statistical Analysis

All statistical analyses were performed using SPSS software (version 23.0, SPSS Inc., Chicago, Illinois).
Continuous variables were expressed as mean±SD and compared using an unpaired Student t-test or the
nonparametric Mann-Whitney test. Categorical variables were presented as counts and percentages and
compared using chi-square statistics or the Fisher exact test. Binary logistic regression analysis was performed
to identify the independent determinants of AVD progression. Variables for inclusion were carefully chosen to
ensure the parsimony of the final models. Candidate variables that were considered clinically relevant (based
on clinical experience and previous literature) or showed a univariate relationship with outcom (p<0.20)
were included in the multivariable model. P value<0.05 was considered statistically significant.

Results

Baseline Characteristics and Operative Data

The baseline characteristics of the 25 patients in the progression group and the 119 patients in the non-
progression group were compared in Table 1. The mean age of the 144 patients included in the study was
50.35±11.32 years, and most of these patients were female (n=85, 59.03%). The median follow-up time was
4.2 years. There were 13 patients with hypertension (9.0%), 14 patients with cerebrovascular disease (9.7%),
5 patients with diabetes (3.5%), and 3 patients with renal insufficiency (2.1%).

About surgery(Table 2), the mechanical valve was used in 129 cases, the biological valve in 11 cases, and ring
plasty in 4 cases. 71 patients received tricuspid valve surgery (49.3%), 6 patients received CABG (4.2%),
and 4 patients received atrial defect repair (2.8%).

Echocardiographic Findings

Table 3 shows the echocardiographic data before the operation. 14 patients manifested as mitral stenosis
(MS) (9.7%), 64 patients manifested as mitral regurgitation (MR) (44.4%), and the remaining 76 patients
manifested as MR+MS (52.8%). A total of 89 patients had mild to moderate AVD (61.8%). In the progression
group, 20 patients had mild AVD (80%), 2 patients had moderate AVD (8%, For these patients, due to the
mild symptoms of AV before operation, we did not choose to undergo aortic valve surgery at the same time.
), and the remaining 3 patients had no AVD (12%).
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As shown in Table4, finally 24 cases were simple aortic regurgitation (AR) (96%) and 1 case was aortic
stenosis (AS)+ AR (4%). Compared with the left atrial diameter before and after the operation, it was
observed that in the non-progression group, the average left atrial diameter decreased from 47.72 to 43.75
(p < 0.05), while in the progression group, the left atrial diameter decreased from 50.37 to 42.44 (p < 0.05).

Statistical Analysis

The measurement data conforming to normal distribution and homogeneity of variance were tested by t-
test, and the results showed that left ventricular diameter (LVD) (45.83+-8.8mm) of the progression group
was lower than that of the non-progression group (48.61+-8.60mm), p=0.145<0.20. The mitral valve peak
velocity in the progression group (2.07+-0.62m/s) was higher than that in the non-progression group (1.83+-
0.58m/s), p=0.071<0.20. The aortic valve velocity was tested by the Mann-Whitney U test. The results
showed that the average rank of the progression group was 93.82, the non-progression group was 68.02,
U=954.50, p=0.005<0.20. Although compared the patients in the progression group with the non-progression
group, Hypertension (1 case, 4% vs 12 cases, 10.1%, p=0.467>0.20), atrial fibrillation (17 cases, 68% vs 73
cases, 61.3%, p=0651>0.20), LVEF(55.95+-4.38 vs 57.49+-6.83, p=0.323>0.20), None of the above results
were significant. Referring to the results of Mentias S, Matsuyama K et al [9-12], these possible clinical
related variables were also included in multivariate regression analysis. The final results are shown in Table
5.

The results of the multivariable model have statistical significance, x2=34.637, p<0.001. Among the 9 vari-
ables, tricuspid ring annuloplasty, LVD, mitral prosthesis size, the presence of mild to moderate AVD before
the operation, and aortic valve velocity were statistically significant (p<0.05). Compared with untreated,
patients who received tricuspid ring annuloplasty had a 90% lower risk of progression events. In order to
facilitate multivariable analysis, we classified LVD into three grades according to clinical reference values
(<35mm, 35-50mm, >50mm). With each increase of one grade, the risk is reduced by 73%. Similarly, The
aortic valve velocity was divided into three grades (<1.0m/kg, 1.0-1.7m/s, >1.7m/s). With each increase
of one grade, the risk increased by 3.70 times. The risk increased by 2.40 times for each additional level
of mitral prosthesis size (25# 27# 29#). The risk of patients who had mild to moderate AVD before the
operation was 7.28 times higher than those without.

Discussion

Of the 144 patients who underwent mitral valve surgery in this center, 25 patients progressed to significant
AVD, which was similar to the results obtained by Kim DJ [8] in a retrospective analysis of 1231 patients
(13.2%).

The filling of the left ventricle in patients with MVD is often abnormal, masking the actual hemodynamic
effect of the left ventricle, which is easy to misestimate the severity of AVD and actual peak velocity of the
aortic valve by transthoracic echocardiography. Zitink RS [13] pointed out that for patients with severe MS
complicated with mild to moderate AVD, the only certain method of quantitative evaluation to determine
the degree of AVD is left heart catheterization, with simultaneous measurement of transvalvular pressure
differences and blood flow. Besides, the presence of AVD before surgery means that the valve and its adjacent
structures have shown pathological changes, so these patients are more likely to have further progress than
patients without aortic valve involvement. As well as suggested by Choudhary SK [5] and Kim DJ [8] et al,
the presence of mild to moderate AVD before the operation was a powerful risk factor for the progression of
AVD.

Compared with aortic valve replacement, the hemodynamic changes of mitral valve replacement were more
complex. Once the MVD is corrected, the blood flow from the left atrium to the left ventricle may be
significantly increased(Especially for MS), leaving the left ventricle in a higher preload than before. It also
changes the flow characteristics near the aortic valve as a result of changes in blood jet direction from
the prosthetic mitral valve [6, 14]. This means that the mechanical environment of the aortic valve will be
changed. The mechanical environment of the aortic valve is complex, including shear stress, pressure, stretch
force, and bending force. Some animal experiments and clinical observations have confirmed that there is
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a correlation between mechanical stress and heart valve biology. These mechanical changes cause a large
number of biological responses, containing gene expression, protein activation, and phenotypic characteristics
changes of valvular interstitial cells (VICs), thus regulating the tissue structure of the aortic valve [15-17].
For example, the elevated pressure of the aortic valve can lead to cellular dysfunction and extracellular
matrix remodeling [18]. Specifically, it can change the phenotypic characteristics of aortic VICs, including
a proportional increase in collagen synthesis, downregulation of the α-smooth muscle actin, vimentin, and
calponin, further lead to pathological changes such as valve thickening and calcification [19-21]. Under
physiological conditions, the aortic valve can be extended by about 10% during diastole, and the tissue
extensibility of the valve decreases with age. The reason may be that the continuous formation of collagen
fibril increases the diameter of some fibers and reduces the compliance of valvular tissue, so the greater tensile
force will be needed to produce the same extension. Batten et al reported that stretch force could regulate
collagen synthesis in VICs through phenotypic transformation [22]. VICs synthesize collagen to change the
stiffness of the valve to adapt to the stretch force, and the stiffness of the valve plays an important role in
regulating the calcification of the valve [23]. Other studies have found that elevated pressure can increase
the expression of vascular cell adhesion molecule-1 to induce inflammation [24].

Moreover, we found that prosthesis size is correlated with the progression of AVD in this study. The disease
has a certain regional correlation in our center. In the south of China, most of the patients undergoing MV
surgery are thin and elderly women, and the Implantation of an oversized prosthesis valve may be prone to
cause valve mismatch (patient-prosthesis mismatch, PPM), which is more likely to lead to the progress of
AVD. However, the clinical significance of mitral valve PPM has still been controversial. Ozyalcin S, Lam
B [25-26], et al believed that PPM was related to long-term survival and recommended the implantation
of a larger prosthesis. Nevertheless, other studies showed that PPM did not affect long-term survival [27].
According to the results of multivariable analysis, the implantation of a smaller size mitral prosthesis is a
protective factor only in terms of the effect on the progression of AVD, which may also be related to increased
left ventricular preload after surgery. Bolman RM [28] also suggested the implantation of smaller prosthetic
valves in elderly, thin patients. Hence, it would seem that the aortic valve area should not be used as the
single criterion for determining who is a candidate for aortic valve operation [11].

Heller SJ believes that in patients with chronic MVD, part of the myocardium is in a state of disuse due
to long-standing underfilling of the left ventricle, resulting in its atrophy. It is considered that this is an
adaptive change of left ventricle to preload reduction, which may be related to the function of cardiomyocytes
and left ventricular remodeling in patients [29]. Although this state of atrophy is often reversible, due
to the destruction of the structure of the mitral valve and left ventricle caused by surgery, coupled with
intraoperative ischemia and reperfusion injury, it takes a long time for the left ventricle to recover to withstand
blood from the left atrium, which also confirms the relationship between the endpoint event and the left
ventricular size in the conclusion of our study. From the above view, for patients with smaller LVD before
the operation, the replacement of the larger size prosthesis means that the left ventricle, which was in a state
of enduring atrophy, will bear relatively more blood flow from the left atrium after the operation. It will
make the left ventricle in a state of high preload for a long period after the operation, which may be one
of the reasons for promoting the progression of AVD. Mentias et al [8] discovered from their large matched
cohort studies that ventricular size criteria for prognosis were related to outcome “paradoxically” because
those with larger volumes were more likely to be sent to life-prolonging surgery than those with smaller
volumes. Although the authors did not report more detailed data.

According to another result of this study, tricuspid ring annuloplasty should be performed simultaneously
during mitral valve surgery. Although there is just mild to moderate tricuspid regurgitation (TR) before
the operation, it may quickly lead to the progression of TR and AVD if not treated. The occurrence
of TR is mainly due to dilation of the annulus and enlargement of the right ventricle, which is usually
secondary to the left heart failure, an overload of the right ventricle volume and pressure, and enlargement
of the heart chamber caused by myocardial or valvular lesions. However, the interdependence of the left
and right ventricles is extremely important for the function of the heart. In addition to having a common
interventricular septum, their muscle fibers are continuous and can play a role as a mechanical complex.
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Furthermore, the two ventricles share a mutual biochemical environment, improving the function of both
ventricles by improving both systemic and local concentrations of neurohormones [30]. Antunes MJ believed
that untreated or recurrent TR can cause the right ventricle to dilate and the interventricular septum
to move toward the left ventricle during diastole, results in a rise in pulmonary venous pressure and left
ventricular diastolic pressure. These interrelated ventricular cavity pressure and volume alterations are
called “restriction-dilatation syndrome” [31]. Therefore, it may be argued that simultaneous implantation
of a tricuspid artificial ring can delay the progress of AVD by improving the right ventricular function.

Limitations

This study has the following limitations: first of all, there is no etiological classification of AVD during
the analysis (rheumatism, degeneration, congenital, ischemic, infection and trauma, etc). Although in our
center, the vast majority of patients underwent mitral valve surgery because of rheumatic changes, it is
difficult to determine the pathological type of secondary aortic valve disease. Previous studies have shown
that pathological types have different effects on the progression of the disease. Bahler RC [32] thought that
the progression of AVD was positively correlated with the degree of valve calcification, for example. Wagner S
[33] also pointed out that, in degenerative-calcific AS, valve stiffness and calcification are the primary factors
affecting the progression of valve disease, and observed that the progression of congenital and rheumatic
AVD is slower than that of degenerative diseases.

Another limitation is that 84 patients have been excluded from the statistical process because they were
followed up for less than 2 years, and the outcome (death or other causes) of these patients could not be
determined. Baria K et al [7] found that it would take about 14.1 years to undergo a secondary operation
for patients with severe AVD after mitral valve surgery. However, the follow-up time of this study was just
4.3±2.1 years. Data that may contribute to the results have not been observed.

The above reasons may lead to some deviations in the research results. To obtain more accurate results, it
is necessary to further expand the data content and research cohort for follow-up research.

Conclusion

It has become a common practice to perform aortic valve replacement in symptomatic patients with severe
AVD identified by transthoracic echocardiography. The guideline [34] states that it is reasonable for patients
with moderate AR or AS (aortic velocity 3.0-3.9m/s) in stage B to perform aortic valve replacement in
conjunction with other cardiac surgery (class IIA of recommendation, level C of evidence). However, consi-
dering that double-valve surgery will prolong the duration of cardiopulmonary bypass and increase the risk
of complications, prophylactic aortic valve replacement may not be recommended for mild AVD. Vaturi M
et al also pointed out that mild AVD during mitral valve surgery rarely progresses to moderate or severe,
even after a longer follow-up period [6, 35]. Combined with the results of this study, it is suggested that
patients with mild to moderate AVD, high peak velocity of the aortic valve (>1.7m/s) or small size left
ventricular (LVD<35mm) should be considered as potential candidates for rapid progression of AVD, which
need cardiotonic and diuresis treatment to reduce the load for a long time after the operation and closely
followed up. Although this option may increase morbidity and mortality in a very small number of patients,
it avoids the risk of double valve surgery for most patients. At the same time, it is suggested to relax the
indications for simultaneous tricuspid valve repair during mitral valve surgery. In contrast, the selection of
valve size should be as accurate and conservative as possible according to the patient’s condition to avoid
valve mismatch. Furthermore, in order to prove the accuracy of the above results, it is necessary to expand
the cohort for further study.
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