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Abstract 
Background: Functional mitral regurgitation (FMR) is a significant burden 
among our increasingly elderly population. Mitral valve repair (MVr) is the 
preferred surgical treatment of FMR despite limited evidence supporting its 
efficacy. Mitral valve replacement (MVR) is the alternative procedure typi-
cally reserved for patients who are at higher risk or refractory to MVr. The 
present study aims to determine which of the two procedures is more effec-
tive in the surgical treatment of FMR. Methods: 344 charts of FMR patients 
who received either MVr (n = 263) or MVR (n = 81) from 2004-2016 at our 
institution were reviewed. Treatment efficacy was assessed based on heart 
failure (HF)-readmission and survival rates within 5 years from discharge. 
Propensity score approach with inverse probability weighting and Cox re-
gression models were employed to evaluate procedural impact on survival 
and rehospitalizations, respectively. Follow-up echocardiographic data from 
the original cohort was assessed for differences in metrics between procedural 
groups at >6 months (MVr: n = 75; MVR: n = 23) and 1 year (MVr: n = 75; 
MVR: n = 18) post-op. Results: MVR patients had a lower risk of being 
readmitted for HF within 5 years compared to the MVr group (HR-adj (95% 
CI): 0.60 (0.41 - 0.88), p = 0.008). MVR patients also had a higher overall risk 
of death (HR-adj (95% CI): 1.82 (1.05 - 3.16), p = 0.034) but this was border-
line significantly different at 5 years cut-off (p = 0.057). Conclusions: Higher 
HF readmission in MVr patients than in sicker, higher surgical-risk MVR pa-
tients reflects the inadequacy of MVr to treat FMR. Novel approaches to 
MVR may be necessary to adequately manage FMR. 
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Failure 

 

1. Introduction 

Heart failure (HF) is currently the leading cause of hospital admission in pa-
tients over 65 and hospitalization accounts for 60% of total HF costs [1]. Func-
tional mitral regurgitation (FMR) is characterized by a mitral valve (MV) with 
normal leaflet morphology, but whose coaptation is compromised due to geo-
metric changes in other regions of the heart, namely the left ventricle. Strong re-
lationships between FMR/mortality and FMR/HF-hospitalizations have been es-
tablished. Grigioni et al. found that FMR was a significant predictor of long- 
term mortality [2], while others have found moderate to severe MR to be a 
strong independent predictor of both HF-hospitalization in patients with left 
ventricular ejection fraction (LVEF) <40% and 5-year mortality [3]. These re-
sults have been replicated by other studies, highlighting the need for a better 
understanding of the disease process and more effective surgical therapies [4], 
[5]. Presently, 2017 AHA/ACC consensus-guidelines state that if surgery is in-
dicated for FMR, then mitral valve repair (MVr) should be favored with limited 
evidence support [6]. MV annuloplasty is the preferred repair option to treat 
FMR since a constriction of the annulus would intuitively restore leaflet coapta-
tion. Bolling et al. were among the first to show that the use of undersized annu-
loplasties produced beneficial results i.e., increased 24-month survival, however, 
recent studies have questioned the efficacy of this procedure [7] [8] [9]. Addi-
tionally, studies have found both classical repairs and replacements to be inade-
quate in treating FMR without complications and thus patients are typically 
treated with conservative medical therapy [10]. 

The purpose of this study was to evaluate the mid-term effectiveness of MV 
surgery for the treatment of FMR in detail by quantifying and comparing the HF 
readmission and overall mortality rates, understanding that bioprosthetic struc-
tural valve degeneration in the mitral position can occur as early as 5 years [11]. 
However, within a 5-year period, we hypothesize that MVR confers greater 
postoperative reduction of FMR, and therefore lowers MR recurrence and HF 
readmission rates, due to a more robust ventricular stabilizing effect than MVr. 

2. Methods 
2.1. Patient Selection 

Retrospective data was obtained from the NewYork-Presbyterian Hospital Da-
tabase. All patients undergoing MV surgery for FMR and primarily followed at 
our institution from 2004 to 2016 were included in this analysis (MVr: n = 263; 
MVR: n = 81); patients undergoing surgery but were followed by a cardiologist 
at an outside hospital were excluded from this analysis. Primary endpoints of 
interest included follow-up echocardiogram data, readmission at Columbia 
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University Irving Medical Center (CUIMC) or other New York-Presbyterian 
campuses, and mortality. Admission information from hospitals other than Co-
lumbia were obtained (n = 79) and included in this analysis. Functional MV 
disease was classified from an analysis of clinical records, operative reports, and 
echocardiograms. MV leaflets were identified to be normal but regurgitation 
across the valve indicating operation was present in all patients, and findings as 
outlined by the 2014 AHA-guidelines based on valve anatomy, valve hemody-
namics, and associated cardiac findings were taken into account when classifying 
FMR based on noninvasive studies [12]. Patients with preoperative findings con-
sistent with primary MR, active endocarditis, cardiogenic shock, and concomi-
tant mechanical-assist-device implantation were excluded from the study 
(Figure 1) [4]. 

Patients undergoing MVr or MVR with any technique along with the presence 
or absence of other concomitant cardiac, aortic, or pacemaker procedures were 
included. MVr and MVR techniques are similar to previously described [13]. All 
rings were semi-rigid rings, and complete versus partial ring usage was at surgeon 
discretion. All replacement procedures underwent chordal sparing replacement 
when possible. Surgical risk was calculated for each patient using the STS-Risk- 
Calculator v2.81. Patients undergoing concomitant procedures that were not 
supported by the STS-calculator v2.81 were down-coded to either the isolated 
MV procedure or MV + coronary artery bypass graft (CABG) for inclusion for 
this analysis; this represents 61.98% of MVr and 53.75% of MVR (Table 1).  
 

 
Figure 1. Selection criteria. 

 
Table 1. Baseline characteristics—MVr vs MVR. 

 
MVr 

N = 263 
MVR 

N = 81 
P-value 

Standardized 
Differences† 

Age, median (IQR) 70 (62 - 78) 72 (63 - 80) 0.281 0.14 

Age > 70 133 (50.57) 45 (55.56) 0.432 0.10 

Gender(male) 157 (59.70) 44 (54.32) 0.390 0.11 
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Continued 

LVEF, median (IQR) 37 (28 - 50) 45 (35 - 55) 0.004* 0.38 

LVEDD, median (IQR) 5.7 (5.1 - 6.2) 5.5 (5 - 6) 0.173 0.23 

NYHA-Class > 3 151 (57.41) 52 (64.20) 0.278 0.14 

MR > 3 141 (53.61) 55 (67.90) 0.023* 0.30 

TR > 3 15 (5.70) 14 (17.28) 0.001* 0.37 

AI > 3 27 (10.27) 3 (3.70) 0.047* 0.26 

Medical/Surgical History, n (%)    

CAD 184 (69.96) 57 (70.37) 0.944 0.01 

MI 105 (39.92) 31 (38.27) 0.790 0.03 

DM 93 (35.36) 21 (25.93) 0.115 0.21 

CKD 22 (8.37) 14 (17.28) 0.022* 0.27 

ESRD 10 (3.80) 4 (4.94) 0.747 0.06 

COPD 29 (11.03) 7 (8.64) 0.539 0.08 

HTN 193 (73.38) 57 (70.37) 0.595 0.07 

AFib 99 (37.64) 27 (33.33) 0.482 0.09 

Stroke 15 (5.70) 3 (3.70) 0.581 0.09 

PAD 31 (11.79) 9 (11.11) 0.868 0.02 

Cirrhosis 7 (2.66) 3 (3.70) 0.705 0.06 

Previous Cardiac Surgery 59 (22.43) 22 (27.16) 0.381 0.11 

Concomitant-Procedure, n (%)    

CABG 132 (50.19) 45 (55.56) 0.398 0.11 

AVR 78 (29.66) 17 (20.99) 0.127 0.20 

TVR 26 (9.89) 14 (17.28) 0.069 0.22 

Other 38 (14.45) 19 (23.46) 0.057 0.23 

STS-Scores, median (IQR)    

Risk-of-mortality 3.50 (1.85 - 5.74) 6.29 (3.22 - 11.11) <0.0001* 0.62 

Morbidity-or-mortality 25.36 (18.17 - 34.28) 34.69 (25.67 - 51.42) <0.0001* 0.66 

Long-length-of-stay 12.31 (7.27 - 17.63) 17.38 (12.44 - 27.73) <0.0001* 0.66 

Short-length-of-stay 18.09 (11.30 - 29.58) 11.43 (5.63 - 18.31) <0.0001* 0.65 

Permanent-stroke 2.26 (1.67 - 2.91) 2.54 (1.69 - 3.70) 0.086 0.23 

Prolonged-ventilation 16.81 (10.70 - 25.46) 25.91 (16.96 - 36.81) <0.0001* 0.62 

DSW-infection 0.37 (0.23 - 0.58) 0.38 (0.24 - 0.54) 0.956 0.01 

Reoperation 9.62 (7.59 - 12.15) 13.36 (10.52 - 16.84) <0.0001* 0.82 

Data are presented as frequencies and percentages (%) or median (interquartile range: IQR). *Significant differences between MVr 
and MVR groups. †Standardized difference = difference in mean or proportions divided by the standard error; imbalance between 
groups was defined as absolute value greater than 0.10 (corresponding to a small effect size). LVEF indicates left ventricular ejec-
tion fraction; LVEDD, left ventricular end diastolic diameter; NYHA, New York Heart Association; MR, mitral regurgitation; TR, 
tricuspid regurgitation; AI, aortic insufficiency; CAD, coronary artery disease; DM, diabetes mellitus; MI, myocardial infarction; 
CKD, chronic kidney disease; ESRD, end stage renal disease; COPD, chronic obstructive pulmonary disease; HTN, hypertension; 
AFib, atrial fibrillation; PAD, peripheral artery disease; CABG, coronary artery bypass graft; AVR, aortic valve repair/replacement; 
TVR, tricuspid valve repair/replacement; Other, cardiac procedure (non mitral, aortic valve, tricuspid valve, or CABG); STS, So-
ciety of Thoracic Surgeons; DSW, deep sternal wound; IQR, interquartile range. 
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Thus, STS-statistics reported in this study are likely underestimations of actual 
surgical risk. 

The study protocol was approved by the institutional review committee of 
CUMC and informed consent was waived. 

2.2. Readmission Data 

Readmission data was obtained from all New York-Presbyterian campuses any 
time after the initial surgery. Initial postoperative readmission was classified 
based on the first readmission after the index procedure. All subsequent read-
missions within a 5-year period were included in the analysis. Time to readmis-
sion, and total number of readmissions were quantified.  

Readmissions were causally classified as HF or non-HF based on chart review 
and adjudication by authors (J.A.G., I.G.) Readmission that involved MV-reo- 
peration was classified as HF-related. Time to readmission was defined as the 
period between index discharges to the first day of readmission. 

Patients who underwent orthotopic heart transplant or ventricular assist de-
vice implant after their index MV-surgery were excluded from readmission 
quantification after the respective secondary procedure. 

2.3. Echocardiographic Studies 

Transthoracic and/or transesophageal echocardiographic data was performed at 
CUIMC and assessed for LVEF, left ventricular end-diastolic-diameter (LVEDD), 
MR, aortic insufficiency (AI) or aortic stenosis (AS), and tricuspid regurgitation 
(TR) for each patient. This data was assessed preoperatively, postoperatively 
with and without anesthesia, at a follow-up <6-months, 6 - 18-month (1-year) 
follow-up, and >18-month post-operation. Follow-up data was assessed for 
LVEF, LVEDD, MR, and changes in LVEF and LVEDD with respect to the 
preoperative values. Grading of MR and other valve disease (none/trace-0, mild-1, 
moderate-2, moderately-severe-3, severe-4) was based on standard guidelines for 
MR-quantification outlined by the American Society of Echocardiography (ASE) 
and the European Association of Echocardiography (EAE) [14]. Preoperative 
LVEDD-dilation severity was based off of recommended gender-stratified ranges 
from the EAE and ASE as outlined in Supplemental Table S1 [15]. Only pa-
tients that had post-discharge follow-up echocardiographic studies were in-
cluded in this analysis (n = 98 at <6 months; n = 93 at 1 year).  

2.4. Statistical Analysis 

Descriptive statistics were used to summarize patient demographics, medical/ 
surgical histories, concomitant procedures, STS scores, and echocardiographic 
information. Categorical variables are presented by frequencies (n) and percentag-
es (%). The differences between (MVR) and (MVr) were evaluated by chi-squared 
or Fisher’s Exact tests for these variables. Mean ± standard deviation (SD) or 
median (interquartile range) were used to summarize continuous variables. 
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Two-sample independent t-tests or the non-parametric equivalent—Wilcoxon 
Rank-Sum test—for skewed data were used to estimate the differences for such 
factors. Overall survival and time to readmission (all-cause and HF only) were 
estimated with the use of the Kaplan–Meier method and compared between 
groups by means of the log-rank test. Cox proportional hazards models were 
used to estimate the hazard ratios (HR: 95% CI). 

Furthermore, due to the observational nature of the data, we employed several 
methods to account for confounding and create comparable risk groups in the 
MVR and MVr cohorts. Specifically, we fit and compared the results of the fol-
lowing approaches: 1) multivariable (adjusted) regression with stepwise selec-
tion, 2) propensity score approach with inverse probability weighting (IPW), 
and 3) univariable (unadjusted) regression. Standardized differences were calcu-
lated to compare patient features with respect to demographics, surgical/medical 
characteristics, concomitant procedures, and STS scores, with imbalance being 
defined as an absolute value greater than 0.10 (non-negligible effect size) [16]. 
All variables found to be imbalanced were used in the adjusted analysis approach 
1) and in the propensity score analysis 2). The use of inverse probability weight-
ing was preferred to pair matching and allowed the inclusion of the largest poss-
ible, however comparable, MVR and MVr cohorts. All statistical analyses were 
performed with SAS (v.9.4, SAS Institute, Inc., Cary, NC) using a type I error set 
at 0.05. 

3. Results 
3.1. Baseline Characteristics 

Baseline characteristics of the 263 MVr-patients and the 81 MVR-patients are 
outlined in Table 1. The patient groups were similar in most characteristics ex-
cept LVEF, MR, TR, AI and history of CKD. On average, MVR-patients gener-
ally had higher LVEF than MVr-patients (median (IQR) 45 (35 - 55) vs. 37 (28 - 
55); p = 0.004). More MVR-patients had CKD (17.28% vs. 8.37%; p = 0.0219), at 
least MR ≥ 3 (67.9% vs. 53.61%, p = 0.0231), and TR ≥ 3 (17.28% vs. 5.7%; p = 
0.001). AI ≥ 3 was more prevalent in MVr patients (10.27% vs. 3.7%, p = 0.0467). 
Other past medical history, New York Heart Association (NYHA), and non-heart 
valve comorbidities were not significantly different between groups (Table 1). 
Of the MVr cohort, 197 (73%) and 21 (8%) patients underwent repair with com-
plete and partial annular rings respectively, whereas 50 (19%) patients under-
went MVr without annular ring utilization. Ring sizes ranged from 24 mm to 36 
mm: 24 mm (n = 5), 26 mm (n = 57), 27 mm (n = 2), 28 mm (n = 118), 29 mm 
(n = 1), 30 mm (n = 27), 31 mm (n = 1), 32 mm (n = 6), 36 mm (n = 1). Of the 
MVR cohort, 14 (18%) patients received a mechanical valve whereas 62 (82%) 
patients received a bioprosthesis. Valve sizes ranged from 24 to 33 mm: 24 mm 
(n = 1), 25 mm (n = 19), 26 mm (n = 1), 27 mm (n = 31), 29 mm (n = 13), 31 (n 
= 4), 25/33 mm (On-X Valve; n = 7). Out of the total 344 patients in this study, 5 
(1%) were converted from MVr to MVR during their initial intervention due to 
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inadequate repair (these patients were analyzed in the replacement cohort). 
As expected, 30-day-mortality scores for MVR were higher than MVr, hig-

hlighting the overall higher surgical risk associated with this cohort: (median 
(IQR) 6.29 (3.22 - 11.11) vs. 3.50 (1.85 - 5.74), p < 0.0001) Additionally, pre-
dicted length-of-stay scores for MVR-patients were higher for stays longer than 
14 days (median (IQR): 17.38 (12.44 - 27.73) vs. 12.31 (7.27 - 17.63), p < 0.0001) 
and lower than for stays shorter than 6 days (median (IQR): 11.43 (5.63 - 18.31) 
vs. 18.09 (11.30 - 29.58), p < 0.0001). MVR-patients scored higher than MVr for 
predicted risk of reoperation (13.36 (10.52 - 16.84) vs. 9.62 (7.59 - 12.15), p < 
0.0001). 

3.2. Follow-Up Echocardiographic Data and MR-Recurrence 

Echocardiographic baseline data was available from 199 out of the 344 patients 
(n = 153 MVr; n = 46 MVR). Within the echo cohort, MVR patients had a high-
er baseline EF (45% (35% - 55%) vs. 35% (24.4% - 45.7%), p = 0.001) and a 
higher proportion of MR ≥ 3 (73.9% vs. 55.6%, p = 0.009) (Table 1). 

The data was divided into echocardiographic data taken at postoperative time 
points < 6-month (n = 98; MVr = 75, MVR = 47) and 1-year (n = 93; MVr = 75, 
MVR = 18). MR tended to be higher in the follow-ups of patients who under-
went MVr who a higher recurrence of MR-grade ≥ 2 at both the <6-month 
(15.9% vs. 0%) and the 1-year (29.5% vs. 4.3%) time points (Table 2).  

Compared to baseline, at both <6-month and 1-year follow-ups, LVEF in-
creased in MVr patients but decreased in MVR patients: (mean (SD): 2.91 (11.9) 
vs. −6.39 (16.3), p = 0.02) (2.39 (12) vs. −2.5 (8), p = 0.04), respectively. LVEDD 
and LVEF were not significantly different between the two surgery groups at ei-
ther follow-up (Table 2). 

3.3. Survival 

141 out of the 344 patients died during the entire observed time period of 16 
years. 98 of these deaths occurred after any readmission (66 MVr and 32 MVR). 
Interestingly, the hazard ratio estimates generated by all three approaches 1) ad-
justed analysis, 2) propensity score IPW and 3) unadjusted analysis were com-
parable, indicating a good control of confounding imbalance between the two 
groups. Since one of our main goals was to make inferences on potential predic-
tors of mortality and hospital readmission, in the sections below we focused 
mostly on the results generated by the adjusted models. Results from all three 
methods can be found in Tables 3-6. 

Overall survival within the 16-year period survival was worse in MVR pa-
tients. Based on the adjusted analysis, the HR-adj was of 1.82 (95%CI) (1.05 - 
3.16), p = 0.034) (Table 3). Predictors of overall mortality included history of 
DM, CKD, or another concomitant cardiac procedure (Table 3). 

A total of 78 (22.66%) subjects receiving MVr and 32 (39.51%) receiving MVR 
died within 5 years of their operation (Figure 2). Our analysis found no difference  
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Table 2. Comparison of echocardiographic data. 

  MVr MVR P-value 

<6 Months  N = 75 N = 23  

 LVEF 36 (30 - 55) 47 (25 - 57) 0.76 

 ∆LVEF 2.91 (11.9) −6.39 (16.3) 0.02* 

  N = 67 N = 25  

 LVEDD 5.2 (4.6 - 5.8) 5 (4.6 - 5.6) 0.59 

 ∆LVEDD 1.58 (2.73) 1.48 (2.25) 0.90 

  N = 88 N = 30  

 MR 0 (0 - 1) 0 (0 - 1) 0.09 

 MR 2+ 14 (15.9) 0  

1 Year  N = 75 N = 18  

 LVEF 37 (30 - 55) 42.5 (30 - 50) 0.90 

 ∆LVEF 2.39 (12) −2.5 (8.0) 0.04* 

  N = 65 N = 18  

 LVEDD 5.3 (4.7 - 6) 5.3 (4.7 - 5.9) 0.72 

 ∆LVEDD 0.87 (2.53) 0.93 (2.32) 0.90 

  N = 78 N = 23  

 MR 1 (0 - 2) 0 (0 - 1) 0.06 

 MR 2+ 23 (29.5) 1 (4.3)  

Data are presented as medians (interquartile range: IQR) and mean (SD) for mean (Δ) 
differences compared to baseline. *Significant differences between MVr and MVR 
groups. Comparisons between the groups were assessed using the non-parametric test 
Wilcoxon Rank-Sum. 
 
Table 3. Cox regression analysis for overall survival (OS). 

 HR 95% CI P-value 

Unadjusted Analysis 

MVR vs MVr 1.58 (1.10, 2.27) 0.013* 

Inverse Probability Weighting† 

MVR vs MVr 1.68 (1.22, 2.30) 0.001* 

Adjusted/Multivariable Analysis§ 

MVR vs MVr 1.82 (1.05, 3.16) 0.034* 

Hx of DM 2.23 (1.32, 3.77) 0.003* 

HX of CKD 2.50 (1.24, 5.05) 0.010* 

CABG 2.57 (1.39, 4.73) 0.003* 

AVR 4.28 (2.36, 7.76) <0.0001* 

TVR_r 3.72 (1.75, 7.92) 0.001* 

Other_cardiac_proced 2.56 (1.48, 4.45) 0.001* 

*Significant differences between MVr and MVR groups. †Inverse probability of treatment 
weighting (IPTW) using the propensity score method. §Adjusted analysis used stepwise 
variable selection. 
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Table 4. Cox regression analysis for overall survival (OS), 5-year cutoff. 

 HR 95% CI P-value 

Unadjusted Analysis 

MVR vs MVr 1.44 (0.95, 2.17) 0.082 

Inverse Probability Weighting† 

MVR vs MVr 1.25 (0.88, 1.79) 0.221 

Adjusted/Multivariable Analysis§ 

MVR vs MVr 1.77 (0.98, 3.17) 0.057 

Hx of DM 2.48 (1.41, 4.38) 0.002* 

HX of CKD 2.97 (1.45, 6.12) 0.003* 

CABG 2.22 (1.15, 4.26) 0.017* 

AVR 4.21 (2.25, 7.89) <0.0001* 

TVR/r 3.64 (1.65, 8.06) 0.001* 

Other cardiac proced 2.88 (1.59, 5.21) 0.001* 

*Significant differences between MVr and MVR groups. †Inverse probability of treatment 
weighting (IPTW) using the propensity score method. §Adjusted analysis used stepwise 
variable selection. 
 
Table 5. Cox regression analysis for 5-year all-cause hospital readmission. 

 HR 95% CI P-value 

Unadjusted Analysis 

MVR vs MVr 0.79 (0.53, 1.17) 0.247 

Inverse Probability Weighting† 

MVR vs MVr 0.82 (0.62, 1.07) 0.138 

Adjusted/Multivariable Analysis§ 

MVR vs MVr 0.78 (0.46, 1.32) 0.355 

LVEDD 1.48 (1.16, 1.90) 0.002* 

HX of DM 1.96 (1.28, 3.01) 0.002* 

HX of CKD Cr 2 2.43 (1.42, 4.14) 0.001* 

CABG 0.42 (0.27, 0.66) 0.001* 

TVR/r 0.43 (0.20, 0.94) 0.034* 

*Significant differences between MVr and MVR groups. †Inverse probability of treatment 
weighting (IPTW) using the propensity score method. §Adjusted analysis used stepwise 
variable selection. 
 
Table 6. Cox regression analysis for 5-year heart failure (HF) hospital readmission. 

 HR 95% CI P-value 

Unadjusted Analysis 

MVR vs MVr 0.69 (0.40, 1.17) 0.167 
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Continued 

Inverse Probability Weighting† 

MVR vs MVr 0.60 (0.41, 0.88) 0.008* 

Adjusted/Multivariable Analysis§ 

MVR vs MVr 0.52 (0.25, 1.09) 0.084 

LVEDD 1.74 (1.31, 2.31) 0.002* 

HX of DM 2.80 (1.62, 4.84) 0.002* 

HX of CKD Cr 2 2.56 (1.33, 4.94) 0.005* 

CABG 0.35 (0.20, 0.62) 0.003* 

Gender (Male) 2.02 (1.14, 3.58) 0.016* 

*Significant differences between MVr and MVR groups. †Inverse probability of treatment 
weighting (IPTW) using the propensity score method. §Adjusted analysis used stepwise 
variable selection. 
 

 
Figure 2. Overall survival probability curve. 

 
between the 2 groups at this time point (p = 0.06). Significant predictors at this 
time point were the same as those in overall survival (Table 4). 

3.4. Readmission 

162 of 344 patients were readmitted within the study period with 297 readmis-
sions of any cause (Figure 3). Although a greater percent of MVr patients were 
readmitted for any cause, all-cause readmission was not significantly different 
between MVr and MVR treatment groups: HR-adj 0.78 (0.46 - 1.32), p = 0.36). 
Patients with diabetes, CKD, a higher LVEDD, or a concomitant CABG or TV 
procedure were more likely to be readmitted at any time after the initial inter-
vention (Table 5). 
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Figure 3. Overall all-cause readmission curve. 

 

 
Figure 4. Overall heart failure readmission curve. 

 
Among the 297 readmissions, 178 were due to HF and occurred in 99 out of 

the 162 readmitted patients (Figure 4). MVR patients were less likely to be 
readmitted for HF within 5 years postop (HR-adj = 0.52 (0.25 - 1.09), p = 0.08). 
Higher LVEDD (HR-adj = 1.74 (1.31 - 2.31), p < 0.001), DM (HR-adj = 2.8 (1.62 
- 4.84), p < 0.001), CKD (HR-adj = 2.56 (1.33 - 4.94), p = 0.033), and male gend-
er (HR-adj = 2.02 (1.14, 3.58), p = 0.016) were predictive of HF readmission 5 
years after the index surgery (Table 6). Concomitant CABG was found to be 
protective (HR-adj = 0.35 (0.2 - 0.62), p < 0.001) (Table 6). 

https://doi.org/10.4236/wjcs.2022.126011


J. A. Gancayco et al. 
 

 

DOI: 10.4236/wjcs.2022.126011 146 World Journal of Cardiovascular Surgery 
 

3.5. Hospitalization 

Length of hospitalization after surgery was significantly higher in the MVR 
group (13 (1.7 - 24.3) vs. 11 (2.2 - 19.8), p = 0.02). The present study was consis-
tent with STS-calculator predictions for differences between procedure groups in 
prolonged-admissions (43.2% vs. 30.8%, p = 0.039), but contradicted the pre-
dicted differences in short-admissions (7.4% vs. 8.7%, p = 0.705) (Supplemental 
Table S2). 

The total number of readmissions of each patient after their index procedure 
was not found to be significantly different between the two procedure groups in 
the readmission cohort (2 (0 - 4) vs. 2 (0 - 7), p = 0.07) (Supplemental Table 
S2). MV-reoperations occurred 15 times throughout the 13-year range of the 
study, all of which came after MVr; this constitutes 5.7% of the MVr cohort.  

4. Discussion 

The most effective surgical treatment for FMR remains unclear, which is re-
flected by the ambiguity of the 2017 AHA/ACC guidelines. Historically, a per-
ceived correlation between lower surgical risk and longer postoperative survival 
existed for MVr over MVR, with a strong preference for retaining native leaflet 
tissue in a lower surgical risk procedure with MVr with the potential for long-
er-term survival. However, the associated complications resulting from both 
procedures have ultimately led to most FMR patients to be treated with more 
conservative therapies [10]. In the current study, we sought to determine if the 
type of surgery for FMR had an impact on hospital-readmission rate after sur-
gery up to 5 years post-operatively. The primary findings were: 1) MVR-patients 
represent a sicker, higher-risk surgical population in this study based on the 
STS-score, 2) recurrence of MR was higher in MVr versus MVR within 6 and 1 
months after surgery, 3) LVEF decreased amongst MVR patients as opposed to 
slightly increasing in MVr patients, 4) all-cause readmission was not significant-
ly different between procedure groups, and 5) HF-readmission was markedly 
higher in MVr in comparison to MVR.  

4.1. Primary Outcomes 

The general consensus is to reserve MVR for the treatment of severe FMR if re-
pair is not technically possible, but to perform MVr when ring annuloplasty can 
allow leaflet coaptation in all other cases. A Cardiothoracic Surgical Trials Net-
work (CSTN) study beginning in 2014 evaluated the risks and compared the 
outcomes of MVR and MVr surgeries in FMR with or without concomitant 
CABG. Although this study found no discernable differences in survival at 
2-year follow-up, moderate to severe recurrence was higher in MVr over 
MVR-patients (58.8% vs. 3.8%) and the rate of cardiovascular readmission be-
came significantly higher in repair patients (48.3% vs. 32.2%), likely as a conse-
quence of MR-recurrence [17]. This suggests that MVR confers a stabilizing ef-
fect to the cardiac geometry that slows geometric destabilization. Although the 
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recurrence of MR has been well established in the context of FIMR and annu-
loplasty repair, there is limited data regarding the recurrence of MR or long- 
term cardiac outcomes when treating FMR.  

In the current study, our analysis did not identify procedure type as a risk 
factor for all-cause readmission. 30-day readmission in MVR and MVr groups 
was at 8.6% and 10.6% respectively, which are both lower than the previously 
reported values by Medicare study (22% & 26.4%). The heterogeneity of the pa-
tient population in this study with regard to comorbidities and concomitant 
procedures likely contribute to the wide variety of rehospitalizations amongst 
the groups. HF-readmission rates were consistently lower in the MVR group.  

MR at follow-up was higher in MVr patients at every time point. This data 
correlates with the findings of previous studies and adds evidence to current 
reasoning that MVR confers a more durable protection from MR recurrence 
than MVr. The higher postoperative MR in MVr-patients likely explains the 
HF-readmission differences. Secondary MR, if left untreated, predisposes a pa-
tient to adverse cardiac events, especially HF. Although there were no significant 
differences in rates of early rehospitalization between the two populations, the 
differences in the rates of MR recurrence may reinitiate the cycle of FMR and 
subsequent HF in MVr-patients, thus escalating readmission by the 1-year mark. 
The COAPT trial by Stone et al. found that percutaneous MVr yielded improved 
survival and lower hospitalization rates within 2 years of the operation than 
medical therapy alone. 

There has been renewed interest in the study of surgical outcomes after FMR. 
A recent study by Vassileva et al. quantified the readmission rates of Medicare 
patients receiving these treatments [18]. They found that preoperative HF was a 
major predictor for postoperative HF readmission in both MVr and MVR 
groups, but did not conclusively draw differences between the readmission rates 
of the two procedures. Hung et al. found that 70% of those receiving joint annu-
loplasty CABG procedures for moderate to severe MR had 3-4+ recurrent MR 1 
- 5 years postop [19]. This data, finally, was conclusively studied in the CTSN 
trial of CABG vs. CABG + MVr for moderate-MR. In this study, 151 and 150 
patients were studied in isolated CABG and CABG + MVr groups respectively, 
randomized to each treatment group. The addition of MVr produced no clinical 
benefit in terms of mortality nor did it produce reverse remodeling significantly 
different from CABG alone [9]. Collectively these data put into question the ap-
propriateness of MVr in the treatment of FMR. The tendency towards recur-
rence after MVr is likely due to the continuous ventricular remodeling that oc-
curs postoperatively. Therefore, in order to effectively treat FMR, these studies 
seem to suggest that reverse ventricular modeling must occur. 

Since the observed remodeling metrics were not different between MVR and 
MVr in this study, the effect on ventricular remodeling was not adequately as-
sessed. Regardless, it is important to note that LVEF difference between pre- and 
postoperative showed increased postoperative LVEF in the MVr group over the 
MVR group at follow-ups less than 6 months with a mean LVEF decrease in 
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MVR patients. This could be due to the use of non-chordal-sparing replacement, 
which has been associated with ventricular-decompensation and subsequently 
poor outcomes [20]. This may also contribute to HF readmission of MVR pa-
tients however this concept requires further validation. 

LVEDD-dilation is indicative of progression to the later stages of dilated car-
diomyopathy (DCM) and HF respectively. There is no previous data to reference 
our findings on the predictive value of LVEDD dilation on HF readmission, 
however there is similar data associating this variable with MR recurrence. 
Braun et al. reported that preoperative LVEDD size > 6.5 cm was a significant 
predictor of MR recurrence [21]. This similarity suggests a possible connection 
between MR recurrence and HF readmission in this patient population. Whether 
in the context of HF or MR recurrence, these findings demonstrate that inter-
vention later in the progression of DCM or HF limits success and worsens 
prognosis. The present study demonstrates an association with MVr and a high-
er rate of HF rehospitalizations that is likely due to early MR recurrence. Our 
data correlating severe preoperative LVEDD dilation and HF-readmission sug-
gests a decline in surgical effectiveness that coincides with DCM progression; 
this relationship may be elucidated by future studies. Nevertheless, this investi-
gation demonstrates the ineffectiveness of MVr to stabilize ventricular geometry 
that results in pathological recurrence and HF-readmission.  

4.2. Future Directions 

Our study revealed trade-offs between MVr and MVR in treating FMR that 
preclude identification of a superior procedure. MVR could provide an oppor-
tunity to stably correct secondary MR, but increased risk of postoperative com-
plications and mortality are significant drawbacks. Since patients in this study 
were beholden to criteria that indicate surgery later in the disease process, it 
stands to reason that earlier intervention could bypass potential complications 
and prevent further irreversible changes to cardiac geometry.  

Minimally-invasive percutaneous procedures offer a possible solution to sur-
gical complications. Additionally, the normally less stringent criteria of percuta-
neous procedures vs open surgeries could make this therapeutic option available 
to lower risk patients earlier in the progression of the disease. The primary con-
cern of percutaneous valve interventions is the stability of the correction [22]. 
However recent studies have shown that the efficacy of percutaneous MVr is 
comparable to classic repair procedures when treating FMR [23]. The COAPT 
trial by Stone et al. found that percutaneous MVr yielded improved survival and 
lower hospitalization rates than medical therapy alone within 24 months of the 
procedure [24]. The success of percutaneously deployed valves has been estab-
lished in aortic valve replacement and the ineffectiveness of current methods to 
treat FMR necessitates a novel method; a minimally-invasive MVR procedure 
could be beneficial to treat FMR to both minimize potential surgical complica-
tions and provide long-term correction. Longer term follow-up will help deter-
mine the durability of these types of repairs. 
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4.3. Limitations 

The present study has several limitations inherent to the retrospective design. 
Data collected is limited to what is available in the patient-database, and there 
were a percentage of patients with incomplete discharge data that did not allow 
for analysis. It is not clear if these patients represent a different risk strata of pa-
tients than those analyzed, or if their outcomes would have affected our analysis. 
Although patients included in this study were primarily followed at the Ne-
wYork-Presbyterian Hospital System, readmission at other institutions is possi-
ble, though this was documented in subsequent clinic visits in many cases. Addi-
tionally, the patients are largely heterogeneous in terms of concomitant proce-
dures, procedure types, and comorbidities. This precludes adequate analysis of 
isolated MV procedures and may mask true associations and differences. In ad-
dition, there are large differences in risk between the two groups which compli-
cate evaluation of survival data. As this was not the primary objective of the 
study, we reserve conclusions to recurrence of MR and hospital readmission. 
Further, multiplicity was not addressed in this study due to its exploratory na-
ture and the presented P-values are therefore not adjusted for multiple compar-
isons. Finally, this study examines FMR on a broader scope and does not assess 
ischemic and non-ischemic differences.   

Treatment selection in our study was due to surgeon discretion and methods 
for how specific procedural decisions were made are consequently unknown and 
likely non-homogeneous. Furthermore, factor selection was based on previously 
identified factors or criteria that may influence our outcomes. Consequently, this 
implies that our IPTW model should only be used to identify binary differences 
rather than a precise effect size.  

5. Conclusion 

The burden of FMR is growing, and inadequate treatment leads to readmissions 
and rising health care costs. Despite high readmission rates in both FMR patient 
groups, HF readmission occurs more frequently for MVr than MVR patients. 
MR is not the only causal factor for HF, however, a higher rate of recurrence 
suggests that MVr may be inadequate in treating FMR. Future focused studies 
are needed to effectively explore specific risk factors that lead to MR recurrence 
and fully define anatomical criteria for effective, durable repair techniques in FMR. 
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Supplemental Table 

Supplemental Table S1. Echocardiographic Metrics—MR grading and LVEDD reference 
ranges based on ASE & EAE guidelines.  

MR Grading 

None/Trace 0 

Mild 1 

Moderate 2 

Moderately-Severe 3 

Severe 4 

LVEDD Ranges (cm) 

 
Women Men 

Normal-Range 3.9 - 5.3 4.2 - 5.9 

Mildly-Abnormal 5.4 - 5.7 6.0 - 6.3 

Moderately-Abnormal 5.8 - 6.1 6.4 - 6.8 

Severely-Abnormal ≥6.2 ≥6.9 

MR indicates mitral regurgitation; LVEDD, left ventricular end diastolic diameter. 
 
Supplemental Table S2. Hospitalization Data 

 
MVr MVR 

P-value 
Median/N IQR/% Median/N IQR/% 

Length-of-Stay (Primary Admission)‡ 11 8.8 13 11.3 0.017* 

Prolonged-Admission (>14 Days) 81 30.8 35 43.2 0.039* 

Short-Admission (<6 Days) 23 8.7 6 7.4 0.705 

Times Readmitted† 2 2 2 5 0.07 

MV Reoperations 15 5.7 N/A N/A N/A 

*Significant difference between MVr and MVR groups; †, within readmission cohort (N = 163); ‡, median and interquartile range 
presented; IQR, interquartile range. 
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