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A B S T R A C T   

Objective: The clinical impact of baseline mitral regurgitation (MR) on the outcomes after transcatheter aortic 
valve replacement (TAVR) is not clear. This study sought to assess the clinical impact of baseline MR on out-
comes after TAVR. 
Methods: The study was a retrospective analysis. Data was from 120 consecutive patients with severe aortic 
stenosis (AS) undergoing TAVR at our center from June 2018 and July 2020. Clinical outcomes were assessed at 
30-day, 1- and 2-year follow-up. 
Results: The median follow-up was 736.0 (interquartile range, 666.0–965.0) days. Overall survival in patients 
with nonsignificant and significant baseline MR was not significantly different, while patients from the improved 
MR group after TAVR demonstrated a significantly higher survival than unchanged or worsened MR group 
during 2-year follow-up. NYHA functional class had generally improved at 1 year, with only 8.3 % of patients 
with nonsignificant MR and 17.5 % of patients with significant MR in class III or IV. Patients with improved MR 
at 1 year after TAVR had a significantly higher LVEF, smaller LVEDD and LVESD than those with unchanged or 
worsened MR. Among the significant baseline MR group, 70.4 % and 80.0 % of patients had improved to 
nonsignificant MR at 30-day and 1-year follow-up after TAVR, respectively. 
Conclusions: Significant baseline MR was not associated with the increased risk of all-cause mortality 2 years after 
TAVR. Significant baseline MR was improved in most patients at 1 year after TAVR. Patients with unchanged or 
worsened MR had an increased all-cause mortality.   

1. Introduction 

Among general patients suffering from heart valve diseases, 25 % 
show involvement of both the aortic and mitral valves [1]. Aortic ste-
nosis (AS) and mitral regurgitation (MR) accounts for roughly 75 % of all 
valve diseases in patients over the age of 65 years [2]. And they are often 
found concomitantly: up to one-third of patients with severe AS also 
suffer from a certain degree of MR [3]. Over the last decade, trans-
catheter aortic valve replacement (TAVR) has evolved to a clinical 
standard for the treatment of severe AS in patients with high or pro-
hibitive surgical risk [4]. But in this setting, relevant concomitant MR is 

typically left untreated [5]. So far, however, the clinical impact of sig-
nificant baseline MR in patients undergoing TAVR has not been fully 
evaluated. Several studies have showed an association between mod-
erate or greater MR and mortality within 30-day and 1-year follow-up 
[6–9]. Conversely, other studies have failed to demonstrate this differ-
ence in mortality outcomes after adjustment between moderate or 
greater MR and less-than moderate MR at long-term follow-up [10–12]. 

Therefore, the objectives of our study were to assess the clinical 
impact of significant baseline MR on outcomes after TAVR, and the 
changes in MR severity over time and its impact on mortality. 
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2. Methods 

2.1. Study design 

The study was a retrospective analysis of prospectively collected 
data. This study was approved by the Institutional Review Board of 
Southwest Hospital of Third Military Medical University (Army Medical 
University) and conducted in accordance with the Declaration of 

Helsinki (as revised in 2013). Individual consent for this retrospective 
analysis was waived. 

A total of 126 consecutive patients who underwent TAVR at our 
center between June 2018 and July 2020 due to severe AS. All patients 
were at intermediate or high surgical risk defined as a Society of 
Thoracic Surgeons score of 4 %. Patients with none or trace MR, severe 
aortic regurgitation (AR) and mitral valves surgery before or after TAVR 
were excluded. Of these, 6 patients were excluded because of severe AR 

Table 1 
Baseline Characteristics.   

Nonsignificant MR 
(n = 65) 

Significant MR 
(n = 55) 

P value 

Clinical variables    
Age (years) 75.5 ± 8.1 76.2 ± 8.3  0.966 
Male 47 (72.3) 40 (72.7)  0.692 
Body mass index (kg/m2) 26.0 ± 5.5 26.5 ± 5.0  0.573 
NYHA functional class III or IV 18 (27.7) 26 (47.3)  < 0.001 
STS risk score (%) 5.6 ± 3.8 7.7 ± 3.9  < 0.001 
Diabetes mellitus 19 (29.2) 17 (30.9)  0.558 
Hypertension 33 (50.8) 29 (52.7)  0.723 
COPD 36 (55.4) 33 (60.0)  0.129 
Pulmonary hypertension 12 (18.5) 12 (21.8)  0.225 
CKD (eGFR > 60 ml/min/m2) 24 (36.9) 22 (40.0)  0.184 
Peripheral artery disease 15 (23.1) 13 (23.6)  0.883 
Coronary artery disease 21 (32.3) 18 (32.7)  0.936 
Previous myocardial infarction 14 (21.5) 13 (23.6)  0.784 
Previous atrial fibrillation 27 (41.5) 26 (47.3)  0.064 
Previous PCI 8 (12.3) 8 (14.5)  0.387 
Previous CABG 6 (9.2) 5 (9.1)  0.905 
Previous cerebrovascular accident 9 (13.8) 9 (16.4)  0.491 
Echocardiographic variables    
Mean aortic gradient (mmHg) 46.9 ± 6.6 47.6 ± 5.6  0.501 
Aortic valve area (cm2) 0.80 ± 0.14 0.55 ± 0.12  < 0.001 
LVEF (%) 52.4 ± 5.9 43.6 ± 4.6  < 0.001 
MDCT variables    
Perimeter-derived aortic annulus (mm) 22.5 ± 2.2 22.7 ± 2.2  0.988 
Mitral annulus calcification (2–3) 10 (15.4) 17 (30.9)  < 0.001 
Mitral leaflets calcification (2–3) 20 (30.8) 19 (34.5)  0.381 
Mitral annulus diameter (4c) 33.5 ± 2.7 33.6 ± 2.9  0.617 

Values are expressed as mean ± standard deviation or number (%). MR, mitral regurgitation; NYHA, New York Heart Association; COPD, chronic obstructive pul-
monary disease; CKD, chronic kidney disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration 
rate; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic diameter; MDCT, multidetector 
computed tomography; 4c, 4-chamber view. 

Table 2 
Procedural and 30-Day Outcomes.   

Nonsignificant MR 
(n = 65) 

Significant MR 
(n = 55) 

P value 

Procedural variables    
Prosthesis size ≤ 24 mm 33 (50.8) 29 (52.7) 0.606 
Access routes    
Transfemoral 47 (72.3) 41(74.5) 0.612 
Nontransfemoral 18 (27.7) 14 (25.5) 0.784 
Post-procedural variables    
Acute kidney injury requiring dialysis 5 (7.7) 10 (18.2) 0.022 
Disabling stroke 2 (3.1) 2 (3.6) 0.191 
New permanent pacemaker 3 (4.6) 3 (5.5) 0.321 
Length of hospital stay (days) 5.8 ± 2.2 7.3 ± 2.5 0.023 
2-valve implantation 2 (3.1) 3 (5.5) 0.663 
Major vascular complication 1 (1.5) 1 (1.8) 0.534 
Coronary occlusion 0 0 – 
Myocardial infarction 0 0 – 
Major bleeding 0 0 – 
Post-procedural echocardiography    
Mean aortic gradient (mmHg) 8.9 ± 4.2 8.5 ± 4.7 0.899 
Aortic valve area (cm2) 1.65 ± 0.58 1.62 ± 0.59 0.827 
Residual moderate to severe AR 3 (4.6) 6 (11.0) 0.006 
30-day outcomes    
All-cause mortality 1 (1.5) 1 (1.8) 0.542 
Cardiovascular mortality 0 0 – 

Values are expressed as mean ± standard deviation or number (%). MR, mitral regurgitation; AR, aortic regurgitation. 
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Fig. 1. (A) Kaplan-Meier estimates of overall survival after TAVR in patients with nonsignificant versus significant baseline MR. (B) Kaplan-Meier estimates of overall 
survival after TAVR in patients with improved versus unchanged or worsened MR. MR, mitral regurgitation; TAVR, transcatheter aortic valve replacement. 
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(n = 5), or a history of surgical mitral valve replacement (n = 1). The 
final study population consisted of 120 patients. Patients were classified 
into 2 groups according to baseline MR grade: I) baseline MR < mod-
erate (nonsignificant MR); and II) baseline MR ≥ moderate (significant 
MR). For statistical purpose, any decrease of 1 or more grades was 
considered an improvement of MR severity. 

Every patient experienced echocardiography and contrast-enhanced 
multidetector computed tomography (MDCT) at admission. AS and MR 
was graded by either transthoracic or transoesophageal echocardiogra-
phy following the European Guidelines of Echocardiography [13]. Se-
vere AS was defined as the aortic valve area ≤ 1.0 cm2, peak aortic 
velocity > 4 m/s or mean pressure gradient > 40 mmHg. MR was graded 
as none, trace, mild, moderate, and severe using a multiparametric 
integrative approach. MDCT was performed to assess aortic annulus 
dimensions, coronary ostia height, mitral annular diameters, and degree 
of mitral apparatus calcification. The severity of mitral apparatus 
calcification was graded according to a semiquantitative score previ-
ously described [14]. 

Comprehensive clinical and echocardiographic assessments were 
scheduled at hospital discharge, 30 days, 6 and 12 months, and yearly 
thereafter. All patients were followed up until July 2022 by direct 
interview during regular outpatient clinic visits or by telephone inquiry. 

2.2. TAVR procedures 

The TAVR procedures were performed using the Venus A-Valve 
system (Venus Medtech, Hangzhou, China). The diameter of an aortic 
annulus for sizing the prosthesis was calculated on the perimeter and 
area of the native aortic annulus. Pre-procedure aorta-iliac-femoral 
computed tomography was performed to evaluate the size of vessel 
caliber and feasibility of transfemoral approach. If it was not viable, 
transiliac, transapical, or transaortic approaches were considered. 

2.3. Study endpoints 

The primary endpoint was all-cause mortality. Secondary endpoints 
included procedure- and valve-related complications, and echocardio-
graphic assessment of the valve and cardiac function. Clinical events 
were recorded and defined according to the VARC-2 (Valve Academic 
Consortium) criteria [15]. 

2.4. Statistical analysis 

Continuous variables are shown as mean ± standard deviation or as 
median (interquartile range: 25th to 75th percentile) in cases of skewed 

Fig. 2. NYHA functional class at baseline and 1-Year follow-up after TAVR in patients with nonsignificant versus significant baseline MR. MR, mitral regurgitation; 
TAVR, transcatheter aortic valve replacement. 
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distribution. Categorical variables are presented as raw counts and 
percentages. Assessment of normality was performed using the Shapiro- 
Wilk test. For normally distributed continuous data, two-tailed unpaired 
Student’s t tests were used for comparisons between groups. For non- 
normally distributed data, Mann-Whitney U test was used. Categorical 
variables were compared using the chi-square test. Survival was esti-
mated with the Kaplan-Meier method, and differences were compared 
with a log-rank test. A P value < 0.05 was considered significant. Ana-
lyses were performed using the statistical packages SAS version 9.4 (SAS 
Institute, Cary, North Carolina). 

3. Results 

3.1. Patient baseline characteristics 

In total, 65/120 (54.2 %) patients were classified as having nonsig-
nificant baseline MR, and 55/120 (45.8 %) as significant baseline MR 
(Table 1). Those with significant baseline MR exhibited a higher New 
York Heart Association (NYHA) functional class, a higher Society of 
Thoracic Surgeons (STS) risk score, a lower left ventricle ejection frac-
tion (LVEF), smaller aortic valve area, and more frequent mitral annular 
calcification than those with nonsignificant baseline MR. 

3.2. Procedural and 30-day outcomes 

Transfemoral and nontransfemoral approaches of TAVR were used in 
88 patients (73.3 %) and 32 patients (26.7 %), respectively (Table 2). 
The procedural outcomes in the 2 groups were similar except for acute 
kidney injury requiring dialysis, which occurred at a higher rate, length 
of hospital stay, which was longer, and post-procedural effective orifice 
area, which was smaller, in those with significant baseline MR. Also, 
patients with significant baseline MR displayed a higher percentage of 
residual moderate-to-severe aortic regurgitation (AR) at hospital 
discharge. However, the 30-day outcomes did not differ between the 2 
groups. 

3.3. Follow-up outcomes 

The median follow-up was 736.0 (interquartile range, 666.0–965.0) 
days. Overall survival in patients with nonsignificant and significant 
baseline MR was not significantly different (log-rank p = 0.525, Fig. 1A). 
Next, we compared survival between the improved MR and unchanged 
or worsened MR subgroups after TAVR within the significant baseline 
MR group of patients. Patients from the improved MR group demon-
strated a significantly higher survival (log-rank p = 0.003, Fig. 1B). 

3.4. Changes in NYHA functional class and MR grade over time 

At baseline, NYHA functional class III/IV were present in 27.7 % and 
47.3 % of the nonsignificant and significant baseline MR groups, 
respectively. At 1 year, NYHA functional class had generally improved, 
with only 8.3 % of patients with nonsignificant MR and 17.5 % of pa-
tients with significant MR in class III or IV (Fig. 2). 

Changes in LVEF, left ventricular end-diastolic diameter (LVEDD) 
and left ventricular end-systolic diameter (LVESD) over time among 1- 
year survivors are shown in Fig. 3. Patients with improved MR at 1 
year after TAVR had a significantly higher LVEF, smaller LVEDD and 
LVESD than those with unchanged or worsened MR. 

Changes over time in MR severity after TAVR are shown in Fig. 4. No 
patients underwent transcatheter mitral valve repair during the follow- 
up. In patients with nonsignificant baseline MR, MR worsened to sig-
nificant MR in 4.7 % and 10.4 % at 30-day and 1-year follow-up, 

respectively. Among the significant baseline MR group, 70.4 % and 
80.0 % of patients had improved to nonsignificant MR at 30-day and 1- 
year follow-up, respectively. The data shown in Fig. 5 showed the dy-
namic outcomes of MR after TAVR in individual patients. 

4. Discussion 

This single-center study demonstrated the presence of significant 
baseline MR is very common in patients with TAVR for severe AS. The 
presence of significant baseline MR did not associate with greater 
mortality, while improvement in baseline MR (demonstrated in 
approximately 70 % of individuals) after TAVR did significantly reduce 

Fig. 3. Changes in left ventricular ejection fraction (LVEF; A), left ventricular 
end-diastolic diameter (LVEDD; B) and left ventricular end-systolic diameter 
(LVESD; C) over time (baseline, 30 days, and 1 year after TAVR) in patients 
with nonsignificant versus significant baseline MR. MR, mitral regurgitation; 
TAVR, transcatheter aortic valve replacement. 
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all-cause mortality. 
The “2020 ACC/AHA Guideline for the Management of Patients with 

Valvular Heart Disease” does not provide clear recommendations 
related to the treatment of patients with mixed AS and MR [16]. Double- 
valve surgery has long been the mainstay therapy. However, it predicts 
high morbidity and mortality, with an average surgical mortality rate of 
9 % for concomitant aortic and mitral valve replacement [17]. Typically, 
once the downstream myocardial mismatch is resolved by aortic valve 
replacement, the severity of MR Is reduced and mitral valve replacement 
is not necessary. Several meta-analyses have shown that concomitant 
baseline MR improved in approximately 50 % to 60 % of patients after 
TAVR [18,19]. In our study, approximately 70 % of patients with sig-
nificant baseline MR exhibited a significant improvement in MR severity 
after TAVR. 

A number of physiological changes may contribute to reducing 
baseline MR severity. In the short term, acute improvement after TAVR 
may be explained by a decrease in left ventricular volumes and 
improved coaptation of the leaflets [20]. In the long term, TAVR is 
associated with reverse cardiac remodeling, which may also lead to an 
improvement in baseline MR severity. This process encompasses several 
morphological and hemodynamic changes, such as regression of left 
ventricular hypertrophy and diffuse fibrosis, reduction in left ventricular 
volumes and mitral tethering forces, improvement of LVEF, and 
normalization of diastolic function [21]. However, the possible mech-
anisms in persistence or worsening of baseline MR include concealed 
organic etiology, distortion of the mitral aortic curtain of the aortic 
stent, persistence of pulmonary hypertension, and atrial fibrillation 
[22]. 

There are conflicting data on whether baseline MR in patients with 
severe AS independently affects clinical outcomes in patients undergo-
ing TAVR. Some studies reported significant baseline MR as an inde-
pendent predictor of all-cause mortality at 1-year follow-up [23], while 
others did not note this [24]. Our study also found that all-cause mor-
tality during 2-year follow-up after TAVR was not associated with sig-
nificant baseline MR. Despite the clinical risk profile of patients with 
significant baseline MR which predisposes them to cardiovascular 
events compared with those with nonsignificant baseline MR [25], it 
cannot be efficiently predicted by baseline MR grade even if combined 
with these other baseline parameters. Some studies showed that patients 
with “true” high risk for mortality are those patients with post- 
procedural, rather than pre-procedural significant MR [26]. Swedish 
national registry-based study indicated that patients whose significant 
baseline MR remained unchanged or worsened after TAVR had 
approximately a 1.7-fold and 2-fold increase in 5-year mortality, 
respectively [27]. In our study, patients from the improved MR group 
after TAVR demonstrated a significantly higher survival than unchanged 
or worsened MR group. In view of these results, presence of MR grade ≥
moderate after TAVR should not be ignored, as it is associated with poor 
clinical outcomes. 

As a result, evaluation of MR severity should be performed early after 
TAVR. Once significant MR is noticed, medical therapy or re- 
synchronization coupled with invasive modalities should not to post-
pone. Transcatheter mitral valve repair devices are emerging as treat-
ment options for patients with significant MR and prohibitive surgical 
risk. A recent study demonstrated that, in patients with persistent sig-
nificant MR, transcatheter mitral valve repair played a role in reducing 

Fig. 4. Changes in mitral regurgitation (MR) over time (baseline, 30 days, and 1 year after TAVR) in patients with nonsignificant versus significant baseline MR. MR, 
mitral regurgitation; TAVR, transcatheter aortic valve replacement. 
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Fig. 5. Tracked outcomes of individual patients over time (baseline, 30 days, and 1 year after TAVR) in patients with nonsignificant versus significant baseline MR. 
MR, mitral regurgitation; TAVR, transcatheter aortic valve replacement. 
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the risk of mortality [28]. 

5. Study limitations 

The study included a relatively small number of patients. The follow- 
up period was relatively short. Future studies in larger populations with 
longer follow-up are needed to clarify the impact of baseline MR for 
patients undergoing TAVR. 

6. Conclusions 

Significant baseline MR was not associated with the increased risk of 
all-cause mortality 2 years after TAVR. Significant baseline MR was 
improved in most patients at 1 year after TAVR. Patients with un-
changed or worsened MR had an increased all-cause mortality. 
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