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Abstract
BACKGROUND 
Mitral regurgitation (MR) is commonly seen in patients with severe aortic stenosis 
(AS) undergoing aortic valve replacement (AVR). But the long-term implications 
of MR in AS are unknown.

AIM 
To investigate MR’s impact on survival of patients undergoing surgical AVR for 
severe AS.

METHODS 
Of the 740 consecutive patients with severe AS evaluated between 1993 and 2003, 
287 underwent AVR forming the study cohort. They were followed up to death or 
till the end of 2019. Chart reviews were performed for clinical, echocardiographic, 
and therapeutic data. MR was graded on a 1-4 scale. Mortality data was obtained 
from chart review and the Social Security Death Index. Survival was analyzed as a 
function of degree of MR.

RESULTS 
The mean age of the severe AS patients who had AVR (n = 287) was 72 ± 13 years, 
46% women. Over up to 26 years of follow up, there were 201 (70%) deaths, 
giving deep insights into the determinants of survival of severe AS who had AVR. 
The 5, 10 and 20 years survival rates were 75%, 45% and 25% respectively. 
Presence of MR was associated with higher mortality in a graded fashion (P = 
0.0003). MR was significantly associated with lower left ventricular (LV) ejection 
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fraction and larger LV size. Impact of MR on mortality was partially mediated through lower LV 
ejection fraction and larger LV size. By Cox regression, MR, lower ejection fraction (EF) and larger 
LV end-systolic dimension were independent predictors of higher mortality (χ2 = 33.2).

CONCLUSION 
Presence of greater than 2+ MR in patients with severe AS is independently associated with 
reduced survival in surgically managed patients, an effect incremental to reduced EF and larger 
LV size. We suggest that aortic valve intervention should be considered in severe AS patients 
when > 2+ MR occurs irrespective of EF or symptoms.

Key Words: Aortic stenosis; Mitral regurgitation; Aortic valve replacement; Long term survival

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study is unique in several aspects: (1) Shows that mitral regurgitation negatively impacts 
survival in an independent fashion, an effect incremental to left ventricular size and ejection fraction; (2) 
Perhaps the longest follow up of severe aortic stenosis (AS) patients undergoing aortic valve replacement 
(AVR) (till death or 16-26 year follow up in survivors); (3) Gives insights into potential mitral 
regurgitation (MR) mechanisms; and (4) Validates echocardiographic MR severity against survival in 
patients with severe AS undergoing AVR.

Citation: Pai RG, Varadarajan P. Importance of concomitant functional mitral regurgitation on survival in severe 
aortic stenosis patients undergoing aortic valve replacement. World J Cardiol 2023; 15(5): 253-261
URL: https://www.wjgnet.com/1949-8462/full/v15/i5/253.htm
DOI: https://dx.doi.org/10.4330/wjc.v15.i5.253

INTRODUCTION
Significant mitral regurgitation (MR) is seen in about 20% of patients with severe aortic stenosis (AS) 
undergoing aortic valve replacement (AVR) or transcatheter aortic valve replacement (TAVR)[1-3]. 
Presence of MR is associated with worse symptoms, higher pulmonary artery pressures and higher 
short-term mortality in TAVR patients[1-5]. However, its impact on long term survival after AVR is not 
well characterized, especially in those with moderate or severe MR. The recent American College of 
Cardiology/American Heart Association (ACC/AHA) valve guidelines do not include presence of MR 
as an indication for AVR or TAVR[6]. We investigated the impact of different grades of MR on long 
term survival (to death or up to 26 years) in a cohort of patients undergoing surgical AVR for severe AS 
in period 1993-2003.

MATERIALS AND METHODS
The research project was approved by the institutional review board of Loma Linda University, Loma 
Linda, California. A need for an informed consent was waived because of its retrospective, observa-
tional study design without any intervention.

The data underlying this article will be shared on reasonable request to the corresponding author. 
This was a retrospective observational study conducted in a large university medical center. The study 
was approved by the institutional review board, which waived the need for patient consent. Some of the 
other results of this observational study have been published previously[7,8]. This report includes 15 
additional years of follow up. The echocardiographic database was searched for patients with severe AS 
during the period from 1993 to 2003. Severe AS was diagnosed based on the generally accepted criteria 
prevalent at that time[9]. The criteria used included aortic valve area ≤ 0.8 cm2 or a mean transvalvular 
gradient of ≥ 40 mmHg or peak gradient of ≥ 64 mmHg. This yielded a total of 740 patients. Complete 
clinical, echocardiographic, and pharmacological data were compiled on these patients from compre-
hensive chart review. Of these 287 underwent AVR and formed the study cohort.

Clinical variables
Various clinical comorbidities were defined as follows: Hypertension was defined as a blood pressure > 
130/90 mmHg, being on any antihypertensive medication, or a documented history of hypertension. 
Diabetes mellitus (DM) was defined as a fasting blood sugar of > 126 mg/dL or being on treatment for 

https://www.wjgnet.com/1949-8462/full/v15/i5/253.htm
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diabetes. Renal insufficiency was defined as a creatinine value of ≥ 2 mg/dL. Coronary artery disease 
(CAD) was defined as angiographic evidence of CAD with lesions > 50% as all had coronary 
angiograms before AVR.

All patients had standard 2-dimensional echocardiographic examinations. The left ventricular (LV) 
ejection fraction (EF) was assessed visually by a Level 3-trained echocardiographer and entered into a 
database at the time of the examination. This has been proven to be reliable and has been validated 
against contrast and radionuclide LV angiography[10,11]. Anatomic and Doppler examinations and 
measurements were performed according to the recommendations of the American Society of Echocar-
diography prevalent at that time and MR was graded 0-4[12,13].

Pharmacotherapy around the time of initial echo was recorded and placed into broad categories of 
beta blockers, calcium-channel blockers, digoxin and angiotensin receptor blockers (ARB) or angiotensin 
converting enzyme inhibitors (ACEI). Most of the patients continued on the medications for the length 
of the recorded clinical observation. Patients were on beta blockers, ACEI/ARB only if they had a 
concomitant indication for their use like hypertension or CAD. Beta blockers and ACEI/ARB are not 
recommended as primary treatment for severe AS. Hence the low treatment rate with beta blockers and 
ACEI/ARB.

The end point of the study was all-cause mortality. Mortality data were obtained from clinical records 
or the Social Security Death Index till the end of 2019.

Statistics analysis
Stat View version 5.01 (SAS Institute, Cary, North Carolina) program was used for statistical analysis. 
Kaplan-Meier survival curves were computed for patients with severe AS with and without MR and 
were compared using the log-rank statistic. Characteristics of patients with and without MR were 
compared using the Student t test for continuous variables and the χ2 test for categorical variables, the 
largest P value for differences between the groups was taken. Cox proportional hazards models was 
employed to adjust for clinical comorbidities and covariate imbalances. Baron and Kenny method was 
employed for mediation analysis[14]. P < 0.05 was considered significant.

RESULTS
Patient characteristics
The baseline characteristics of the severe AS patients who had AVR were: mean age 72 ± 13 years, 46% 
women, mean LVEF 57 ± 19%, and DM in 22%, hypertension in 55%, and CAD in 55%. The mean aortic 
valve area was 0.70 ± 0.17 cm2, transvalvular mean systolic gradient 44 ± 16 mmHg and peak gradient 72 
± 24 mmHg. Of the 287 patients, 42% had concomitant coronary artery bypass grafting (CABG) with 
AVR; 169 (59%) had no or mild (0 or1+) MR, 63 (22%) had moderate (2+) MR and 55 (19%) had 
moderate to severe or severe (3 or 4+) MR. Of the 55 patients with 3 or 4+ MR, 18 had mitral valve repair 
(n = 11) or replacement (n = 7).

Survival as function of degree of MR
As the survival curves were similar for MR grades 0 and 1+ and very close to 2+ MR, hence these 
groups were combined. As shown in (Figure 1), there was a graded decrease in survival with increase in 
MR (P = 0.003). The 5, 10 and 20 year survivals for those with 0/1+ MR were 78%, 50% and 33% 
respectively compared to 78%, 43% and 14% for 2+ MR and 64%, 30% and 15% for 3 or 4+ MR 
respectively. Comparison between grade 0-1 and 3-4+ MR showed significant difference with P < 0.0001. 
Similarly, comparison between grade 2 and 3-4 +MR showed difference with P < 0.0001. Comparison 
between grades 0-1 and grade 2 showed slight difference with P = 0.03.

Correlates of MR
Table 1 shows the comparison of patients with different degrees of MR. As it can be seen from the table, 
higher degrees of MR correlated strongly with larger LV end-diastolic and end-systolic dimensions (P < 
0.0001), lower LVEF (P < 0.0001) and lower LV relative wall thickness (P = 0.0002). There was no 
relationship with age, gender, hypertension, diabetes, CAD, renal failure or severity of AS. As expected, 
those with MR had higher mitral E/A velocity ratio (P < 0.0001) and shorter E wave deceleration time (P 
< 0.0001) indicating higher left atrial pressure, higher pulmonary artery pressure (P < 0.0001) and higher 
prevalence of heart failure (P = 0.0015). It is notable that 38% of patients with 3 or 4+ MR had no 
dyspnea or heart failure.

Though MR was strongly related to lower EF, 47% of patients with 3 or 4+ MR had an LVEF ≥ 50% 
(ACC/AHA guidelines use an EF threshold of < 50% as a class I indication for AVR or TAVR in patients 
with severe AS).

Mediation analysis and Cox regression analysis
In view of strong correlations between MR grade, EF and LV size and as all these were predictive of 
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Table 1 Characteristics of aortic stenosis patients with different grades of mitral regurgitation

0 or 1+ MR 2+ MR 3 or 4+ MR P value

Age (yr) 70 ± 12 74 ± 9 72 ± 13 < 0.05

Women (%) 44 48 51 0.4

Syncope (%) 3 4 4 0.85

Angina (%) 38 49 47 0.12

Dyspnea (%) 39 38 62 0.002

Atrial fibrillation (%) 24 32 33 0.18

Hypertension (%) 58 57 44 0.06

Diabetes mellitus (%) 24 22 18 0.4

Coronary artery disease (%) 53 60 58 0.3

Renal insufficiency (%) 10 8 13 0.39

LV end-diastolic diameter (mm) 48 ± 7 48 ± 4 56 +10 < 0.0001

LV end-diastolic dimeter index (mm/m2) 26 ± 4 27 ± 4 23 + 6 < 0.0001

Left ventricular end-systolic diameter (mm) 31 ± 9 33 ± 9 41 + 13 < 0.0001

LV end-systolic dimeter index (mm/m2) 16 ± 4 18 ± 4 41 + 13 < 0.0001

Ventricular septum (mm) 14 ± 2 14 ± 3 14 + 3 0.2

Posterior wall (mm) 13 ± 2 13 ± 2 12 ± 2 0.13

Relative wall thickness 0.57 + 0.15 0.57 + 0.13 0.48 + 0.13 0.0006

LV ejection fraction (%) 62 ± 16 54 ± 17 45 ± 21 < 0.0001

Left atrial dimension (mm) 41 ± 9 43 ± 8 48 ± 6 < 0.0001

Aortic valve area (cm2) 0.72 + 0.16 0.68 + 0.16 0.70 + 0.20 0.18

Aortic valve peak gradient (mmHg) 73 ± 23 71 ± 26 67 +22 0.09

Aortic valve mean gradient (mmHg) 45 ± 15 43 ± 17 41 +15 0.08

Aortic regurgitation grade 0.65+0.83 1.16+0.91 1.00+1.00 < 0.0001

Mitral E/A velocity ratio 1.00 + 0.53 1.09 + 0.64 1.60 + 0.67 < 0.0001

Mitral E wave deceleration time (ms) 270 ± 105 278 ± 112 194 +89 0.0001

Pulmonary artery systolic pressure (mmHg) 40 ± 13 45 ± 20 53 +14 < 0.0001

Beta-blocker use (%) 46 46 27 0.02

ACEI or ARB use (%) 25 33 36 0.12

Digoxin use (%) 35 32 38 0.47

Statin use (%) 31 21 35 0.09

Coronary artery bypass grafting (%) 38 49 47 0.12

Mitral valve repair (%) 3 2 20 < 0.0001

Mitral valve replacement (%) 2 10 13 0.06

AS: Aortic stenosis; MR: Mitral regurgitation; LV: Left ventricular; ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker.

survival, we performed mediation analysis described by Baron and Kenny by sequentially adding EF 
and LV end-systolic dimension to the Cox regression model that included MR severity[14]. Adding EF 
and LV end diastolic dimension, significantly reduced the χ2 associated with MR, but MR still remained 
significant (P values for MR, EF and LV end –diastolic dimension: 0.0049, < 0.0001 and 0.0013 
respectively and global χ2 = 34.3). Addition of pulmonary artery pressure to the model did not improve 
its predictive value. This indicates that not all negative effects of MR were through increase in LV size 
and reduction in EF, but MR independently was related to survival as well. The results of Cox 
regression analysis are shown on Table 2.
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Table 2 Results of Cox regression analysis on the effect of mitral regurgitation on survival

Variable χ2 value P value

LV end-diastolic dimension 10.4 < 0.01

LV ejection fraction 23.3 < 0.0001

Mitral regurgitation 7.9 < 0.01

Global χ2 = 34.3; LV: Left ventricular.

Figure 1 Survival in severe aortic stenosis patients undergoing aortic valve replacement as a function of preoperative severity of mitral 
regurgitation. A: MR severity split into 3 groups; B: MR severity split into 2 groups. MR: Mitral regurgitation.

Effect of MR on survival stratified by CABG status
Of the 287 patients with severe AS undergoing AVR, 121 had CABG and 166 did not have CABG. As 
shown in Figure 2, the deleterious effect of MR was seen in both groups of these patients (P = 0.007 and 
P = 0.05, respectively).

Mitral valve surgery in 3 or 4+ MR
Mitral valve surgery was performed in 18 of the 55 patients with 3 or 4+ MR at the time of AVR. Of 
these 12 patients also underwent CABG at the time of mitral valve surgery. was a trend towards better 
survival with mitral valve surgery with 10- and 20-year survivals being 45% and 37% respectively in 
those with mitral valve surgery compared to 22% and 8% respectively for those without (P = 0.08, 
Figure 3).

DISCUSSION
Our observational study with very long-term data suggests harm produced by MR in patients with 
severe AS undergoing AVR. According to ACC/AHA guidelines, MR is not considered an indication 
for AVR in severe AS patients in the absence of symptoms or EF < 50% or a need for concomitant 
cardiac surgery. About 1/3 of our patients even with 3 or 4+ MR had no symptoms and one half of them 
had an EF ≥ 50% without a traditional indication for AVR. These findings are novel and have major 
clinical implications in the management of these patients. The other strength of our study is length of 
follow up – to death or 16-26 years in the long-term survivors.

Presence of MR was also associated with higher left atrial and pulmonary artery pressures and some 
degree of LV enlargement indicative of adverse LV remodeling and functional impairment. Data from 
patients undergoing TAVR or AVR for severe AS indicates that MR may regress by one grade in about 
half the patients, but not full regression in all the patients leaving the patients with significant MR 
which may have negative impacts in terms of symptoms, heart failure and reduced survival or a need 
for another procedure to eliminate MR[4,15].

The mechanism of MR seems to be mostly functional because of an increase in LV size leading to 
mitral leaflet tethering in contemporary series with calcific AS, though older series included rheumatic 
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Figure 2 Effect of preoperative mitral regurgitation severity on survival in aortic valve replacement patients stratified by concomitant 
coronary artery bypass grafting status. A: Patients who had AVR and CABG; B: Patients who had AVR only and no CABG. MR: Mitral regurgitation; AVR: 
Aortic valve replacement; CABG: Concomitant coronary artery bypass grafting.

Figure 3 Survival in patients with pre-aortic valve replacement 3 or 4+ mitral regurgitation as a function of mitral valve repair or 
replacement during aortic valve replacement surgery. MVR: Mitral valve repair or replacement.

valve disease as well[16]. There could also be an atrial mechanism due to atrial enlargement due to LV 
diastolic dysfunction or atrial fibrillation leading to secondary mitral annular dilatation[17]. Hence, 
monitoring asymptomatic severe AS patients for increases in LV or left atrial size or onset of atrial fibril-
lation may be important, besides evaluating for presence, degree and mechanism of MR. Performance of 
AVR or TAVR will reduce LV systolic pressure that drives MR. In addition, reverse remodeling of the 
LV and left atrium may occur as well and this will help in MR regression. One should also consider 
restoration of sinus rhythm to reduce the risk of genesis or progression of MR as atrial fibrillation may 
produce MR and even tricuspid regurgitation through atrial and annular dilation. Patients undergoing 
TAVR may introduce another issue of production of left bundle branch block or complete heart block 
needing a pacemaker. Both of these electrical disturbances may impair LV function and produce or 
worsen MR. These mechanistic factors should be kept in mind in patients with severe AS.

There are some limitations to this retrospective observational study. We do not have follow up 
echocardiographic data as the images are generally archived only for 7 years and many patients had 
these studies outside our healthcare system. Also, surgery for MR was at the discretion of the operating 
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surgeon.

CONCLUSION
In summary, 3 or 4+ MR is present in about 20% of patients undergoing AVR for severe AS and 
negatively impacts hemodynamics, symptoms and survival. We suggest that one should be vigilant for 
any MR in patients with severe AS and also the potential mechanisms that may lead to MR such as 
progressive LV or left atrial dilation or onset of atrial fibrillation. We also suggest that presence of ≥ 3+ 
MR in patients severe AS should be considered as a potential indication for AVR or TAVR as 
appropriate.

ARTICLE HIGHLIGHTS
Research background
Severe aortic stenosis (AR) and concomitant mitral regurgitation (MR) are common. But the impact of 
MR in those with severe AS on outcomes and management are unknown.

Research motivation
To study the impact of concomitant MR on outcomes in severe AS.

Research objectives
Does MR affect prognosis and decision making in severe AS patients.

Research methods
Of the 740 consecutive patients with severe AS evaluated between 1993 and 2003, 287 underwent AVR 
forming the study cohort. They were followed up to death or till the end of 2019. Chart reviews were 
performed for clinical, echocardiographic, and therapeutic data. MR was graded on a 1-4 scale. 
Mortality data was obtained from chart review and the Social Security Death Index. Survival was 
analyzed as a function of degree of MR.

Research results
Presence of MR was associated with higher mortality in a graded fashion. MR was significantly 
associated with lower left ventricular (LV) ejection fraction and larger LV size. Impact of MR on 
mortality was partially mediated through lower LV ejection fraction and larger LV size. By Cox 
regression, MR, lower ejection fraction (EF) and larger LV end-systolic dimension were independent 
predictors of higher mortality.

Research conclusions
Presence of greater than 2+ MR in patients with severe AS is independently associated with reduced 
survival in surgically managed patients, an effect incremental to reduced EF and larger LV size. We 
suggest that aortic valve intervention should be considered in severe AS patients when > 2+ MR occurs 
irrespective of EF or symptoms.

Research perspectives
More studies are needed to study the mechanisms of MR and its prevention in severe AS patients.
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