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 Key question 23 

 24 

 25 

 Key findings 26 

  and patients without reverse remodeling 27 

showed poor late outcomes. 28 

 Take-home message 29 

Earlier surgery may help to restore normal LV size and achieve better late outcomes after 30 

AVR for AR.  31 

Central Image legend 32 

Distribution of preoperative LVEF and LVESDi in patients who achieved reverse remodeling 33 

(RR group: blue circles) or not (nRR group: red crosses).  34 
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44 

. Postoperative left ventricular 45 

function and symptoms were significantly improved 1 year after surgery, but 34 patients (13.8%) 46 

did not recover normal function and structure. A significant negative correlation was found between 47 

the incidence of cardiac death and major adverse cerebral and cardiovascular events and reverse 48 

remodeling. 49 
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Study Cohort, Data Collection, and Study Endpoints 80 

81 

82 

January 2008 and December 2018, and who were included 83 

in the institutional cardiac surgical database84 

atients who had received 85 

AVR previously, had active infective endocarditis, or had acute AR were excluded. Data were 86 



 

 
 

collected from medical charts, operation reports, and referral letters in May 2020.87
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Surgical Indication, Procedure 94 

The surgical indication in this study cohort was discussed by the institutional heart team, 95 

consisting of cardiologists, cardiac surgeons, and co-medical staff, essentially according to 96 

the guidelines. All patients underwent preoperative examination using transthoracic and/or 97 

transesophageal echocardiography and fluoroscopy and/or computed tomography-based 98 

coronary angiography. AVR was usually performed via a median full sternotomy. The 99 

prosthetic valve was implanted under induced cardiac arrest by intermittent tepid blood 100 

cardioplegia infusion in all cases. The type of prosthesis (biological or mechanical) was 101 

determined according to the guidelines and by discussion with the patients, and the size of 102 

the prosthesis was determined by the surgeon during surgery. 103 
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Statistical Analysis 119 

Data were presented as mean (standard deviation) for continuous normally distributed 120 

variables, median (interquartile range) for continuous non-normally distributed variables, and 121 

number and percentage for categorical variables. Normality was tested by the Shapiro Wilk 122 

test. Categorical variables were compared using Fisher s exact test and continuous variables 123 

were compared with Student s unpaired t-test or the Mann Whitney U-test as appropriate. 124 

Survival and freedom from MACCE after AVR were estimated using the Kaplan Meier method. 125 

Multivariate logistic models were used to analyze the variables associated with postoperative 126 

reverse remodeling. Important variables were selected using a stepwise regression method 127 

among variables with a univariate P value of <.2. Consequently, four variables (mitral valve 128 

surgery, mitral regurgitation (MR) grade, LVESDi, LVEF) were entered into the multivariate 129 

logistic regression model to identify predictors. Receiver operating characteristic curve (ROC) 130 

analyses were performed to identify the cut-off values predicting reverse LV remodeling for 131 

cardiac function and the criteria for selecting the optimal cut-off point were determined using132 

. A P-value < 0.05 was considered statistically significant for all tests. Statistical 133 

analysis was performed using JMP  13 (SAS Institute, Cary, NC, USA). 134 
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Most patients showed functional and structural recovery post-AVR, although some failed to 168 

recover normal LV function and structure. Based on echocardiographic findings at 1 year after 169 



 

 
 

AVR, we defined normal LVEF and LVESDi (postoperative LVEF 55% and LVESDi 22 170

mm/m²) [9] as reverse LV remodeling. We divided the patients into two groups: patients with 171 

reverse LV remodeling at 1 year after AVR (N = 212, RR group), and patients without reverse 172 

LV remodeling at 1 year after AVR (N = 34, nRR group). 173 

The baseline and surgical characteristics of the two groups are shown in Table 174 
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We explored the predictive factors for reverse LV remodeling by 194 

multivariate logistic regression analysis (Table 4). P195 
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 205 

The present study demonstrated that AVR had favorable early and long-term outcomes in 206 

patients with AR, and reverse LV remodeling was observed 1 year post-AVR in most patients 207 

with AR. Favorable long-term outcomes included 10-year freedom from cardiac mortality and 208 

freedom from reoperation rates of 93.8% and 94.6%, respectively, similar to a previous study 209 

reporting mid- to long-term outcomes of AVR for severe chronic AR [10 14]. AVR is a definitive 210 

treatment for patients with AR, with the potential to achieve postoperative reverse LV 211 

remodeling and satisfactory long-term results. 212 

Regarding reverse remodeling 1 year post-AVR, LVESDi and LVMI decreased significantly 213 

and LVEF increased significantly at 1 year after AVR compared with preoperative levels. 214 

Notably, late outcomes were significantly better in patients with, compared with those without 215 

reverse LV remodeling at 1 year after AVR, and preoperative LVEF and LVESDi were 216 

significant predictors of reverse LV remodeling 1 year post-AVR. Previous studies showed 217 

that LVEDD, LVESD, and LVMI decreased and LVEF increased after AVR [15 21]. 218 

Substantial improvements in clinical and hemodynamic statuses have been observed after 219 

successful valve replacement in most patients with severe AR [22, 23].  220 

However, some patients fail to achieve reverse LV remodeling even after successful AVR, 221 

resulting in a poorer prognosis. Henry et al. showed that patients with LVESD  55 mm and % 222 

fractional shortening < 25% had a poor prognosis and more frequent postoperative 223 

complications [24]. Another study similarly showed that patients with a preoperative LVEF < 224 

60% had lower survival rates up to 10 years than patients with a higher preoperative LVEF, 225 



 

 
 

while patients with no improvement in LV function by 1 year after surgery had a three-fold 226

greater risk of subsequent overall death [25]. We defined an LVEF > 55% and LVESDi > 22 227 

mm/m2 at 1 year after AVR as reverse LV remodeling, and investigated the relationship 228 

between reverse LV remodeling and long-term outcomes. Reverse LV remodeling was an 229 

independent variable for the risk of cardiac mortality and MACCE. It is therefore important to 230 

recognize if patients have achieved reverse LV remodeling at 1 year after AVR, to predict the 231 

late outcome of each patient. 232 

It is also clinically important to identify the factors associated with reverse LV remodeling after 233 

AVR. The current results showed that preoperative LVEF and LVESDi were significant 234 

predictors of reverse LV remodeling at 1 year after AVR, with optimal cut-off values for 235 

predicting reverse LV remodeling of 49% and 33.2 mm/m², respectively. When patients were 236 

divided into two groups, p  49% had better late outcomes, 237 

with significantly less cardiac mortality, compared with patients with a lower LVEF. Other 238 

reports also showed that persistent LV dysfunction after AVR was a predictor of prolonged LV 239 

dysfunction before surgery [26 28]. The current recommendations [1] for treating 240 

asymptomatic patients with chronic severe AR stipulate prompt surgical repair in patients with 241 

a LVEF < 50% or LVESDi > 25 mm/m². Nevertheless, combined with the results of other 242 

studies, we propose that it is important to perform AVR in patients with chronic severe AR 243 

before their LVEF has declined to 50%, and an early indication for AVR can be justified by 244 

good surgical outcomes. 245 

This study had several limitations associated with its retrospective nature. First, postoperative 246 

medication might influence LV reverse remodeling. However, we had a lot of missing data on 247 

medication. Therefore, we could not provide information about medical therapy in this study. 248 

Second, the number of patients in the nRR group was small because of the favorable 249 

outcomes of AVR for chronic AR. Third, the follow-up period was limited, and longer follow-up 250 

may have revealed prosthesis valve dysfunction that might have influenced late outcomes and 251 

cardiac function. Furthermore, patients with significant MR were included in this cohort, which 252 

potentially influenced LV reverse remodeling. However, mitral valve surgery was not identified 253 



 

 
 

as an independent predictive factor for reverse LV remodeling with a multivariate analysis. 254

Therefore, in this study, we think mitral valve surgery for patients with significant MR has little 255 

effect on LV reverse remodeling. 256 

 257 
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Figure 1. Late outcomes after AVR for chronic AR 284 

(A) Survival rate (blue line) and freedom from cardiac death rate (red line) after AVR. The 5- 285 

and 10-year survival rates were 97.6% and 86.0% and the 5- and 10-year freedom from 286 

cardiac death rates were 99.3% and 93.8%, respectively. (B) Freedom from MACCE rate 287 

(yellow line) and freedom from reoperation rate (green line) after AVR. The 5- and 10-year 288 

freedom from MACCE rates were 89.2% and 79.9%, respectively, and the 5- and 10-year 289 

freedom from reoperation rates were 97.6% and 94.6%, respectively. AR: aortic regurgitation; 290 

AVR: aortic valve replacement; MACCE: major adverse cerebral and cardiovascular events. 291 

 292 

Figure 2. Cardiac function on echocardiography before and 1 year after AVR 293 

(A) LVESDi, (B) LVEF, and (C) LVMI. Postoperative LVEF increased significantly and LVESDi 294 

and LVMI decreased significantly after AVR. LVESDi: left ventricular end-systolic dimension 295 

index; LVEF: left ventricular ejection fraction; LVMI: left ventricular mass index; AVR: aortic 296 

valve replacement. 297 

 298 

 299 

(A) ROC curve of preoperative LVEF as a predictor for reverse LV remodeling. (B) ROC curve 300 

of preoperative LVESDi as a predictor for reverse LV remodeling. ROC: receiver operating 301 

characteristic; LV: left ventricular; LVEF: left ventricular ejection fraction; LVESDi: left 302 

ventricular end-systolic dimension index 303 
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Characteristic 

All 

(N = 246) 

RR 

(N = 212) 

nRR 

(N = 34) 

P value

Age, years 61.6 ± 25.0 60.9 ± 24.5 66.1 ± 22.1 0.069 

Male, n (%) 182 (74.0) 160 (75.5) 22 (64.7) 0.240 

BSA, m2 1.68 ± 0.59 1.69 ± 0.59 1.59 ± 0.52 0.017 

NYHA class     

II, n (%) 155 (63.0) 135 (63.7) 20 (58.8) 0.114 

III, n (%) 20 (8.1) 15 (7.1) 5 (15.0) 0.300 

IV, n (%) 5 (2.0) 5 (2.4) 0 0.326 

Hypertension, n (%) 152 (61.8) 131 (61.8) 21 (61.8) 0.941 

Dyslipidemia, n (%) 81 (32.9) 68 (32.1) 13 (38.2) 0.595 

Diabetes, n (%) 21 (8.5) 18 (8.5) 3 (8.8) 0.994 

Chronic kidney dysfunction, n (%) 28 (11.4) 23 (10.8) 5 (14.7) 0.280 

COPD, n (%) 12 (4.9) 11 (5.2) 1 (2.9) 0.515 

Current smoker, n (%) 12 (4.9) 10 (4.7) 2 (5.9) 0.818 

Etiology     



 

 
 

Annuloaortic ectasia, n (%) 34 (13.8) 33 (15.6) 1 (2.9) 0.018 

Bicuspid aortic valve, n (%) 27 (11.0) 25 (11.8) 2 (5.9) 0.247 

Degenerative valve, n (%) 125 (50.8) 104 (49.1) 21 (61.8) 0.122 

Valve prolapse, n (%) 37 (15.0) 32 (15.1) 5 (14.7) 0.892 

Rheumatic valve, n (%) 19 (7.7) 15 (7.1) 4 (11.8) 0.400 

Others, n (%) 10 (4.1) 8 (3.8) 2 (5.9) 0.611 

Echocardiography     

AR grade (0 4) 3.6 ± 1.3 3.6 ± 1.3 3.5 ± 1.1 0.097 

MR grade (0 4) 1.2 ± 1.0 1.2 ± 0.9 1.8 ± 0.7 0.002 

LVEDD, mm 65.6 ± 23.1 65.4 ± 22.6 67.3 ± 22.4 0.213 

LVESD, mm 47.3 ± 17.8 46.4 ± 17.0 52.8 ± 22.4 0.005 

LVESDi, mm/m² 28.4 ± 10.8 27.7 ± 10.2 33.3 ± 11.1 <0.0001

LVEF, % 49.7 ± 19.6 51.3 ± 19.4 39.6 ± 13.5 <0.0001

LVMI, g/m² 247.5 ± 106.2 245.3 ± 106.4 261.4 ± 90.2 0.229 

TRPG, mmHg 25.8 ± 8.9 25.0 ± 13.5 29.5 ± 8.8 0.902 

LVEF  55%, n (%)  93 (37.8) 90 (42.5) 3 (8.8) <0.0001

LVESDi  22 mm/m , n  25 (10.2) 25 (11.8) 0 <0.0001



 

 
 

Operative procedure     

Operation time, min 300.6 ± 148.2 299.6 ± 147.7 307.0 ± 105.3 0.238 

Cardiopulmonary bypass time, min 147.6 ± 77.0 146.5 ± 75.0 154.5 ± 54.1 0.32 

Aortic cross clamp time, min 101.6 ± 52.2 101.4 ± 51.1 102.6 ± 35.8 0.842 

Concomitant procedure, n(%) 120 (48.8) 101 (47.6) 19 (55.9) 0.482 

Root replacement, n(%) 34 (13.8) 33 (15.6) 1 (2.9) 0.018 

Ascending aorta replacement, n(%) 15 (6.1) 14 (6.6) 1 (2.9) 0.344 

Mitral valve replacement, n(%) 11 (4.5) 5 (2.4) 6 (17.6) 0.001 

Mitral valve plasty, n(%) 34 (13.8) 27 (12.7) 7 (20.6) 0.274 

Tricuspid valve plasty, n(%) 21 (8.5) 12 (5.7) 9 (26.5) 0.001 

Coronary artery bypass grafting, n(%) 30 (12.2) 27 (12.7) 3 (8.8) 0.461 

Maze procedure, n(%) 33 (13.4) 25 (11.8) 8 (23.5) 0.097 

MICS approach, n(%) 37 (15.0) 36 (17.0) 1 (2.9) 0.011 

Partial sternotomy, n(%) 23 (5.3) 23 (10.8) 0 0.091 

Right minithoracotomy, n(%) 14 (5.7) 13 (6.1) 1 (2.9) 0.043 

Prosthesis     

Biological prosthesis, n(%) 195 (79.3) 168 (79.2) 27 (79.4) 0.908 



 

 
 

Mechanical prosthesis, n(%) 48 (19.5) 41 (19.3) 7 (20.6) 0.938 

Homograft, n(%) 3 (1.2) 3 (1.4) 0 0.336 

Valve size, mm 23.7 ± 8.2 23.8 ± 8.2 23.4 ± 7.7 0.628 
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1-year outcome All (N = 246) 

RR group  

(N = 212) 

nRR group 

(N = 34) 

P value 

LVEDD, mm 48.2 ± 6.1 47.1 ± 20.7 55.4 ± 18.3 <0.0001 

LVESD, mm 32.8 ± 6.9 31.2 ± 14.0 42.9 ± 14.4 <0.0001 

LVESDi, mm/m² 19.6 ± 4.1 19.4 ± 4.3 26.7 ± 8.9 <0.0001 

LVEF, % 56.2 ± 8.9 58.4 ± 25.9 42.7 ± 14.3 <0.0001 

LVMI, g/m² 141.1 ± 38.3 140.9 ± 38.8 185.8 ± 63.2 <0.0001 

LVEF  55%, n (%)  160 (65.0) 160 (75.5) 0 <0.0001 

LVESDi  22 mm/m², n (%) 194 (78.9) 194 (91.5) 0 <0.0001 

NYHA class    

 

I, n(%) 233 (94.7) 202 (95.3) 31 (91.2) 0.587 

II, n(%) 13 (5.3) 10 (4.7) 3 (8.8) 0.587 

 326 

327 

328 

329 

 330 

  331 



 

 
 

332

Variable for  

cardiac mortality  

Univariate analysis Multivariate analysis 

P value HR 95% CI P value HR 95% CI 

Age, years 0.038 1.121 1.005 1.316 0.047 1.130 1.001 1.323 

Valve size, mm 0.218 1.308 0.859 2.133    

Reverse remodeling 0.035 0.109 0.012 0.976 0.058 0.124 0.014 1.093 

Variable for MACCEs 

Univariate analysis Multivariate analysis 

P value HR 95% CI P value HR 95% CI 

Age, years 0.014 1.035 1.007 1.069 0.027 1.032 1.003 1.067 

Male sex 0.592 1.272 0.552 3.444    

Hypertension 0.116 1.894 0.859 4.597 

   

Dyslipidemia 0.892 0.947 0.408 2.037 

   

Diabetes 0.596 1.404 0.334 4.008 

   

Mechanical prosthesis 0.478 0.714 0.240 1.729    

Valve size, mm 0.872 1.013 0.864 1.193    

Reverse remodeling 0.002 0.293 0.139 0.658 0.008 0.322 0.152 0.724 
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Variable 

Univariate analysis Multivariate analysis 

P value OR 95% CI P value OR 95% CI 

Age, years 0.069 0.977 0.952 1.003 

   

Mitral valve surgery 0.004 3.305 1.512 7.225 0.129 2.353 0.775 6.927 

AR grade (0 4) 0.097 1.843 0.897 3.784    

MR grade (0 4) 0.002 0.578 0.410 0.816 0.650 0.642 0.093 4.450 

LVEDD, mm 0.213 0.974 0.934 1.015 

   

LVESDi, mm/m² <0.0001 0.841 0.784 0.901 0.039 0.914 0.836 0.996 

LVEF, % <0.0001 1.091 1.054 1.129 0.007 1.059 1.016 1.105 

LVMI, g/m² 0.229 0.992 0.998 1.002 
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