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Background: Transcatheter aortic valve replacement (TAVR) is emerging as a less invasive procedure for 
aortic valve replacement. However, its effectiveness and feasibility in treating combined valvular disease 
remain controversial. In this study, we explored the clinical effectiveness and safety of TAVR in the treatment 
of combined aortic and mitral regurgitation.
Methods: The basic clinical characteristics and 1-month follow-up of 11 patients with combined aortic 
and mitral regurgitation who were treated with TAVR at center of structural heart disease, Zhongnan 
Hospital of Wuhan University from December 2021 to November 2022 were retrospectively analyzed. 
Echocardiographic parameters of aortic and mitral valve, complications, and all-cause mortality were 
compared pre- and post-TAVR.
Results: Retrievable self-expanding valve protheses were used in all patients, and the protheses were 
implanted via the transfemoral route in 8 patients and via the transapical route in 3 patients. There were  
9 male and 2 female patients with an average age of 74.7±2.7 years. The mean Society of Thoracic Surgeons 
score was 8.5±1.2. Among the patients, 1 required retroperitoneal sarcoma semi-elective surgery, and 3 
of the 5 patients with atrial fibrillation had their rhythm converted to sinus rhythm after operation. No 
perioperative deaths were recorded. Two patients underwent permanent pacemaker implantations due to 
high-grade atrioventricular blocks after TAVR. Moderate/severe mitral regurgitation (MR) were mostly 
secondary to aortic regurgitation (AR) as no rupture of the subvalvular tendon cords or rheumatic changes 
being recognized during echocardiography before operation. The mean left ventricular end-diastolic 
diameter (65.5±10.7 vs. 58.6±8.8 mm, P<0.001) and mitral annular diameter (36.7±5.4 vs. 31.5±2.8 mm, 
P<0.001) was significantly reduced after operation. MR was improved as the ratio of the regurgitant jet area 
to the left atrial area decreased significantly after operation (24.7%±11.5% vs. 42.4%±6.8% before operation, 
P<0.001). During the 1-month follow-up, the mean left ventricular ejection fraction was significantly 
improved (50.0%±9.4% vs. 44.6%±9.3% at admission, P=0.022). 
Conclusions: TAVR is effective and feasible for high-risk patients with combined aortic and mitral regurgitation.
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Introduction

Transcatheter aortic valve replacement (TAVR), which is 
mainly applied in the treatment of aortic stenosis (AS), has 
become a safe and effective procedure for high surgical–
risk populations or patients who cannot tolerate surgical 
aortic valve replacement (SAVR) (1-5). With the evolution 
of surgical techniques and the expansion of indications, 
TAVR is playing an increasingly important role in the 
treatment of aortic regurgitation (AR) (6). Notably, 
concomitant mitral regurgitation is more likely to happen 
in patients with aortic valve dysfunction. Combined aortic 
and mitral value dysfunction raises the challenge to either 
surgical or transcatheter treatment. Studies showed that 
mitral regurgitation would be improved in 40–100% AS 
patients who receiving SAVR, however, the improvement 
was less (12–80%) in those who receiving TAVR (7). Real-
world data of applying TAVR for AR is increasing, which 
supports TAVR for appropriate AR patients (8). While 
mitral valve regurgitation is also common in AR patients, 
whether TAVR would be efficacy for combined aortic and 
mitral regurgitation remains unclear. In this study, we 
analyzed the outcomes of TAVR in patients with combined 
severe aortic and mitral regurgitation at the Zhongnan 
Hospital of Wuhan University to investigate the clinical 
effectiveness and feasibility of TAVR in treating combined 
valvular diseases. We present this article in accordance with 

the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-505/rc).

Methods

Clinical data

Patients with severe AR and moderate/severe mitral 
regurgitation (MR) diagnosed at the Zhongnan Hospital 
of Wuhan University and treated with TAVR from 
December 2021 to November 2022 were enrolled in this 
retrospective clinical observational study. Patients with 
following conditions were suggested for TAVR: (I) severe 
AR confirmed by echocardiogram; (II) New York Heart 
Association (NYHA) functional class III or IV; (III) surgical 
contraindications with society of thoracic surgeons score 
≥8; (IV) desire to receive TAVR. The inclusion criteria for 
study were as follows: (I) receiving TAVR for AR combined 
with moderate or severe MR; and (II) functional MR 
diagnosed by echocardiogram. Patients were excluded if 
they met any of the followings: (I) mild MR; (II) having 
serious complications or failure of TAVR, which resulted 
in surgical valve replacement or death during operation; 
and/or (III) having missing or incomplete data. The TAVR 
team consisted of the medical staffs at the Structural Heart 
Disease Center, specialists from the Department of Medical 
Imaging, Department of Anesthesiology, Intensive Care 
Unit, and operating room. The ratio of the regurgitant jet 
area (RJA) to the left atrial area (LAA) (RJA/LAA) was used 
to assess the degree of mitral regurgitation.

Complete preoperative data were collected for all 
patients. The imaging data were analyzed and reconstructed 
using the 3MENSIO software (Pie Medical Imaging, 
Netherlands). The patients were fully informed of the 
treatment-related risks and signed informed consent forms. 
TAVR procedures were performed in a hybrid operating 
room by the TAVR team. Follow-up data were collected 
1 month after operation for comparisons. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved and filed by 
the Ethics Committee of Zhongnan Hospital of Wuhan 
University (No. 2023046K). Informed written consent was 
obtained from all patients while recruiting.

Statistical analysis

The normally distributed measurement data are expressed 
as the mean ± standard deviation and were analyzed using 
the paired-sample t-test and an analysis of variance. The 
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numeration data are presented as the number (percentage), 
and the ranked data were analyzed using the Chi square (Z) 
test. The statistical analysis was performed using the SPSS 
23.0. A P value <0.05 was considered significantly different.

Results

Baseline data

Of the 40 patients who underwent TAVR during the 
retrospective observation period, 11 (9 male and 2 female) 
were enrolled in this study (Figure 1). The patients had a 
mean age of 74.7±2.7 years and a mean preoperative Society 
of Thoracic Surgeons score of 8.5±1.2. All the patients 
presented WHO functional class III–IV at admission, most 
of whom had enlarged left ventricle, and reduced left heart 
function. Data are presented in Table 1.

Intra- and postoperative conditions

No perioperative deaths were recorded. Retrievable self-
expanding valve grafts were used in all the patients, and 
the grafts were implanted via the transfemoral route in  
8 patients and via the transapical route in 3 patients. After 
the operation, 2 patients underwent permanent pacemaker 
implantations due to high-grade atrioventricular blocks. 
During the transfemoral TAVR, 1 patient developed 
descending aortic dissection due to the presence of 
severe aortic atherosclerosis and underwent concurrent 
intracavitary aortic stenting. Three of the 5 patients with 
atrial fibrillation had their rhythm converted to sinus 

AR patients receiving TAVR (n=40) 

Patients with combined aortic and 
mitral regurgitation

receiving TAVR (n=11)

Patients excluded:
1. Less than mild MR (n=23)
2. SAVR due to failure of TAVR (n=1)
3. Incomplete data and unable to 

follow-up (n=5)

Figure 1 Study flow chart. AR, aortic regurgitation; TAVR, 
transcatheter aortic valve replacement; MR, mitral regurgitation; 
SAVR, surgery aortic valve replacement.

Table 1 Baseline data of the enrolled patients

Variables Value

Baseline data

Age (years) 74.7±2.7

Males, n (%) 9 (81.8)

Females, n (%) 2 (18.2)

Body mass index (kg/m2) 22.2±1.1

Co-existing diseases, n (%)

Hypertension 10 (90.1)

Diabetes 2 (18.2)

Coronary heart disease 4 (36.4)

Cerebral infarction 2 (18.2)

Tumors 1 (9.0)

Chronic obstructive pulmonary disease 7 (63.6)

Renal insufficiency 8 (72.7)

Hepatic insufficiency 8 (72.7)

Atrial fibrillation 5 (45.4)

Tricuspid regurgitation 8 (72.7)

STS score 8.5±1.2

Laboratory tests

Creatinine (mmol/L) 116.2±60.2

Albumin (g/L) 33.0±4.3

ALT (U/L) 19.1±9.9

TBIL (μmol/L) 17.8±6.2

HGB (g/L) 111.2±23.1

NT-Pro BNP (pg/mL) 6,799.7±1,928.5

Ultrasound indicators

AAo (mm) 39.3±3.9

LVEDD (mm) 65.5±10.7

Mitral annulus diameter (mm) 36.7±5.4

LVEF (%) 46.4±14.3

RJA/LAA (%) 42.4±6.8

Data are  presented as No.  (%)  or  mean ± standard 
deviation. STS, Society of Thoracic Surgeons; ALT, alanine 
aminotransferase; TBIL, total bilirubin; HGB, hemoglobin; NT-
ProBNP, N-terminal prohormone of brain natriuretic peptide; 
AAo, ascending aorta; LVEDD, left ventricular end-diastolic 
diameter; LVEF, left ventricular ejection fraction; RJA, regurgitant 
jet area; LAA, left atrial area.
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Table 2 Comparisons before and after TAVR

Variables Before TAVR After TAVR t/χ2/Z P value

LVEDD (mm) 65.5±10.7 58.6±8.8 6.009 <0.001

Mitral annulus diameter (mm) 36.7±5.4 31.5±2.8 5.131 <0.001

RJA/LAA 42.4±6.8 24.7±11.5 6.057 <0.001

Data are presented as mean ± standard deviation. TAVR, transcatheter aortic valve replacement; LVEDD, left ventricular end-diastolic 
diameter; RJA, regurgitant jet area; LAA, left atrial area.

rhythm post-operation. No new cases of persistent atrial 
fibrillation were noted during the perioperative period.

Left heart was significantly retrieved after TAVR as 
there was an average reduction of about 7mm in the left 
ventricular end-diastolic diameter (LVEDD), along with the 
mitral annular diameter reduced nearly 5 mm after TAVR. 
No significant improvements of ejection fraction (EF) 
were seen within 24 hours post-operation (44.6%±9.3% 
post-operation vs 46.4%±14.3% at admission, P=0.529). 
Importantly, 50% of MR diminished after TAVR (Table 2).  
All the patients recovered well and were successfully 
discharged from hospital.

Follow-up

No serious cardiovascular events were reported during the 
1-month follow-up. One patient underwent retroperitoneal 
sarcoma resection after TAVR and recovered well. LVEF 
increased by nearly 5% (44.6%±9.3% post-operation vs. 
50.0%±9.4% 1-month follow-up, P=0.022).

Discussion

TAVR is widely recognized as a safe and effective option 
for the treatment of AS. AR used to be considered a relative 
contraindication to TAVR because the aortic annulus fails 
to provide sufficient radial force (9,10). With technical 
developments and innovations, TAVR has become much 
more promising in the treatment of AR, and some patients 
with AR have benefited significantly from TAVR (11,12). 
However, few studies have explored the role of TAVR in 
critical patients with AR combined with MR.

Because of the severe over-load of left ventricle in 
AR, patients often suffered from reduced intra-aortic 
antegrade flow, and systemic multisystemic insufficiencies 
during decompensation. In AR patients with cardiac 
decompensation, the 1-year mortality rate can reach 20% 
for those who with LVEF ≤30%, and only 5% of these 

patients would choose conventional surgical treatment (13). 
Moreover, about 75% of AR patients presented MR with 
characteristics of a dilated mitral annulus, the abnormal 
position and function of papillary muscle, and poor leaflet 
coaptation, which further increased risk of conventional 
surgery in addition to their older age. TAVR was not 
offered for patients with combined valvular disease for a 
long time as it resolves aortic disease only. However, with 
the theory that most MR secondary to AR were due to 
changes in left ventricular structure and function (14), it is 
believed that functional MR can be improved after resolving 
the etiology of aortic valve disease. TAVR increase intra-
aortic antegrade flow, reduce left ventricular end-diastolic 
pressure, increase effective cardiac output, and improve 
systemic tissue perfusion when resolve AR. It can be an 
optimal option for patients with combined valvular disease. 
MR was significantly improved in our study as mitral 
annular diameter reduced. However, more data, such as in 
mitral annular area/shape, may further illustrate the details 
of improvement.

In the present study, we observed clinical outcomes of 
those who had combined aortic and mitral regurgitation 
received TAVR. All MR were confirmed to be functional 
and secondary to AR without organic changes. After 
TAVR, a remarkable improvement in mitral regurgitation 
was observed together with a significant reduction in the 
LVEDD and reversal LV remodeling. Though the LVEF 
slightly decreased post-operation, cardiac function was 
significantly improved as LVEF increased at 1-month 
follow-up. There was no statistic improvements of LVEF 
between at admission and follow-up, which may be related 
to the small sample size and the overestimation of EF values 
due to the presence of MR before TAVR. 

TAVR is a less invasive but high challenging procedure 
with multiple fatal complications especially for AR patients 
(15-17). Some of the patients didn’t have the opportunity 
for rescue surgery during TAVR because of their critical 
illness. Thus, preoperative assessment is particularly 
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important. The anatomy of the valvar annuli is one of the 
key factors for successful TAVR in AR patients, especially 
for those who with combined valve disease. 

In our experience, AR resulted in severe dilation of 
aortic ring and had higher chances of failure due to unable 
to stabilize the prothesis. Therefore, the anatomy of aortic 
root should be carefully assessed, including the sizes of the 
aortic annulus, the angle of the annular plane, the height 
of the coronary openings, and the morphologies of the 
left ventricular outflow tract, sinotubular junction, and 
ascending aorta. Transfemoral TAVR is not recommended 
if: (I) the diameters of either the plane or 4 mm below aortic 
annulus exceed 28 mm; (II) the angle of aortic annular plane 
exceeds 60°; (III) the ascending aorta is significantly dilated  
(>4.5 cm) within 5 cm above the aortic annular plane; (IV) 
the angle between the aortic annulus and mitral annulus is 
<90°; and (V) the height of the coronary opening is less than 
1 cm, or the valve leaflet is too long to cover the coronary 
opening. Transapical route could be applied for those who 
were not suitable for transfemoral route as there were three 
stabilization arms in prothesis for transapical route. We 
included TAVR of both transfemoral and transapical routes 
in our study, and no differences were observed between them.

In addition to the anatomy of the aortic root, an 
echocardiographic assessment of MR is also important 
before TAVR. The diagnostic criteria for functional MR 
must exclude significant rheumatic valve disease, infective 
endocarditis, and significant organic pathologies of the 
leaflets and subvalvular structures (e.g., severe mitral 
stenosis, significant calcification of the valve, and structural 
abnormalities of the subvalvular tendon cords, and 
papillary muscles). Since the annulus is usually large in AR 
patients, insufficient structural support might lead to valve 
displacement and perivalvular leakage (18). An oversize 
valve ratio of 15–20% is recommended to provide adequate 
support of the annulus, however, increased oversize adds 
the risk of annular tears and high-grade atrioventricular 
blocks (19). 

Due to the difficulty in intraoperative positioning 
and anchoring, a retrievable self-expanding valve graft is 
recommended for adjustment during procedure. After the 
valve is released, observation should last for at least 30 min. 
Radiography and transesophageal cardiography can also 
be used to assesses the position of the prosthetic valve and 
the improvement of mitral regurgitation. Stabilized blood 
pressure and heart rate also provides additional support for 
successful TAVR.

There are few limitations in our current study. Firstly, 

the design of a single-center retrospective observational 
study might bring bias in conclusions. Secondly, there 
were only 11 patients included in the analysis. Thirdly, the 
follow-up data was obtained in 1-month after TAVR. More 
patients and longer follow-up are needed to develop better 
implementation criteria and assessment systems.

In summary, TAVR is a feasible in critical patients with 
combined aortic and mitral regurgitation and can lead to an 
improvement of MR. In patients with significant residual 
MR, moreover, a staged procedure on the mitral valve could 
be speculated.

Conclusions

TAVR is effective and feasible for high-risk patients with 
combined aortic and mitral regurgitation.
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