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Abstract 

Backgrounds:  

In most patients with aortic regurgitation (AR), aortic valve replacement (AVR) improves left 

ventricular (LV) function, but some patients will not have favorable remodeling. Our objectives 

were to review long term clinical results of AVR for AR and to examine what factors affect the 

normalization of LV function after AVR for chronic AR. 

Methods and Results: 

Between 1989 and 2010, 177 patients underwent isolated AVR for chronic pure AR. The 

patients were divided into 2 groups based on indexed end-systolic LV diameter (iESD): Group 

L (iESD)≧25 mm/m
2
)(130 patients) and Group S (iESD<25 mm/m

2
)(47 patients). There was 

no significant difference between groups in late mortality, freedom from cardiac-related death 

and rehospitalization for heart failure at late follow up after operation. At postoperative 

follow-up, 16 % of patients had not recovered normal LV systolic function. By means of 

multivariate analysis, iESD and cardiac index (CI) were independent predictors of recovery of 

LV function and iESD>26.7 mm/m
2
 and CI<2.71 l/min/m

2
 were the best cut-off values. 

Conclusion:  

Early and late surgical results of AVR for chronic AR were good, but for the preservation of 

postoperative normal LV function, AVR for AR patients should be performed before iESD 
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reaches 26.7 mm/m
2
. 
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Introduction 

Chronic aortic regurgitation (AR) involves both volume and pressure overload at the left 

ventricle (LV) and the goals of treatment are to prevent death, diminish symptoms, and prevent 

the development of heart failure [1].  

Aortic valve replacement (AVR) is an established treatment for AR and the long term results 

of AVR for chronic AR are satisfactory. However, in some cases postoperative LV dilatation 

and function are inadequate. Indeed, Henry et al. showed that cases with end-systolic LV 

diameter (ESD) ≧ 55mm and % fractional shortening < 25% had poor prognosis and more 

frequent post-operative complications [2] 

LV systolic function and LV dimensions have been regarded as important parameters when 

considering appropriate timing of AVR for patients with AR [3]. However, it is unclear when 

the operation should be undertaken in such patients.  

Recent studies have suggested the use of indexed LV dimensions in chronic AR to optimize 

surgical indications because decisions based on raw data might be inappropriate for patients 

with extreme body surface area (BSA) such as Japanese [4-7]. In the 2012 ESC/EACTS 

guidelines, indexed ESD (iESD) was newly added as a parameter for class IIa indication of 

AVR for AR: surgery for severe AR should be considered in asymptomatic patients with 

ejection fraction (EF) > 50 %) with severe LV dilatation (end diastolic diameter (EDD) > 70 
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mm or end systolic diameter (ESD) > 50 mm or indexed ESD (iESD) > 25 mm/m
2
 with small 

body size). In a recent revision of the AHA/ACC guidelines, iESD was newly included as a 

decision-making criterion for operation regardless of body size [8]. However, there are few 

studies examining predictive factors for prognosis after AVR for AR in Japanese patients. 

In this study, we retrospectively reviewed 177 patients who underwent AVR for AR at our 

hospital for 22 years and evaluated the early and long term clinical results of AVR for AR and 

examined several predictors of recovery of LV function after the operation. 

 

Patients and Methods 

The Ethics Committee of Kurume University School of Medicine and the Institutional 

Review Board approved this study. Individual patient consent was waived because the study 

was retrospective.  

 

Patients 

From 1989 to 2010, 177 patients underwent primary isolated AVR for chronic pure AR at 

Kurume University Hospital. Indications of AVR were symptomatic severe AR and 

asymptomatic severe AR with LV systolic dysfunction (EF ≦ 50%) or dilatation (EF > 50% 

with EDD > 70mm and ESD > 50mm). To select only patients with chronic pure severe AR, 
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patients were excluded who had mild or greater aortic stenosis or local asynergy of wall motion 

on preoperative transthoracic echocardiography (TTE). Patients were also excluded who had 

previous cardiac surgery, concomitant coronary artery bypass graft, other heart valve surgery or 

aortic surgery. Moreover, patients with acute AR, including aortic dissections or infective 

endocarditis, were also excluded.  

Subjects were 122 men and 55 women with a mean age of 58.4 ± 15.4 years (range, 21 to 84 

years). The mean BSA was 1.57 ± 0.17 m
2
 (range, 1.18 to 2.00 m

2
). The etiologies of AR were 

degeneration in 97 patients (55 %), congenital anomaly in 39 patients (22 %; bicuspid valve 32, 

quadricuspid valve 7), rheumatic fever in 20 patients (11 %), annular dilatation in 14 patients 

(8 %) and aortitis in 7 patients (4 %). 

Preoperative variables are shown in Table 1. We divided these patients into 2 groups based on  

iESD (Group L: iESD > 25 mm/m
2
, Group S: iESD ≦ 25 mm/m

2
) and 130 patients (73.4 %) 

had LV dilatation of iESD > 25 mm/m
2
. 

 

Data Collection and Follow-Up 

Preoperative and perioperative data were collected from medical records and follow-up data 

were obtained from our outpatient clinic records or by correspondence with referring physicians. 

Hospital survivors were followed up annually at our outpatient clinic. Patients were contacted 
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directly by telephone or through the referring physician, and additional data were collected from 

clinical records. Deaths and complications were properly defined according to published 

guidelines of The Society of Thoracic Surgeons [9]. EF and LV dimensions were measured and 

the normalization of LV systolic function was defined as EF ≧ 55 % according to 

recommendations by the American Society of Echocardiography [10].  

 

Statistical Methods 

Continuous variables were expressed as mean ± standard deviation. Simple comparisons were 

performed using a standard χ
2
 test or a non-paired t test. The paired t-test was used to compare 2 

groups, while ANOVA was used to compare more than 2 groups. Survivals and freedom from 

late complications were estimated using the Kaplan-Meier method. Survival curves were 

compared using a log-rank test. The risk factors for recovery of LV systolic function were 

analyzed by both univariate and multivariate analysis with the Cox proportional hazards model. 

For continuous variables, diagnostic cut-off values with the most favorable sensitivities and 

specificities were identified by receiver operating characteristics (ROC) curve analysis.  

 

Results 

Clinical Outcome 
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There were 2 hospital deaths (1.1 %), caused by low cardiac output syndrome and pneumonia 

respectively and both were Group L. 

Among the 175 operative survivors, 168 patients (96.0 %) were followed up. The mean 

follow-up period was 11.8 ± 6.5 years (range, 2 months to 24.8 years) for a total of 2081.3 

patient-years. During the follow-up period, 38 patients (21.5 %) died of various causes, 

including 4 cardiac-related deaths (2.3 %) (heart failure in three patients, arrhythmia in one 

patient). Of all cardiac-related deaths, three were in Group L and one was in Group S. 

The actuarial survival, including early death at 10 and 20 years was 89.9 % and 55.2 % in 

Group L, and 82.7 % and 71.6 % in Group S (P = 0.72), respectively. Differences in the 

actuarial survival were not significant (Fig 1 A). 

The actuarial freedom from cardiac-related death at 10 and 20 years was 99.2 % and 97.5 % 

in Group L, and 95.0 % and 79.1 % in Group S (P = 0.25), respectively. Differences in the 

actuarial freedom from cardiac-related death were not significant (Fig 1 B). 

Eight patients were admitted to our hospital due to heart failure for an incidence of 0.4 % per 

patient-year. Of them, 5 patients were in Group L, and 3 patients were Group S. The details of 

rehospitalization due to heart failure are presented in Table 2. The actuarial freedom from 

rehospitalization due to heart failure at 10 and 20 years was 98.0 % and 92.4 % in Group L, and 

97.2 % and 71.8 % in Group S (P = 0.31), respectively. Differences in the freedom from 
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rehospitalization due to heart failure were not significant (Fig 1 C). 

 

Time course of Echocardiographic Data 

Echocardiography was performed within 1 week before the operation, at the immediate 

postoperative period (7 days after the operation), at early follow up (1 year after the operation) 

and at late follow-up period (mean 6.7 years (range, 3 years to 10 years)). Fig 2 shows the 

variables before and after the operation in the 2 groups. The mean iEDD and iESD in both 

groups just after the operation were significantly improved from preoperative values (iEDD : 

42.9 ± 5.4 to 34.2 ± 4.7 mm/m
2
, iESD : 30.4 ± 5.5 to 24.9 ± 4.9 mm/m

2 
in Group L, and iEDD : 

35.4 ± 3.1 to 31.1 ± 3.5 mm/m
2
, iESD : 22.1 ± 1.8

 
to 20.8 ± 3.6 mm/m

2 
in Group S). The 

improvement in these variables was maintained in both groups at early postoperative follow-up 

and at long term period. The mean iEDD and iESD in Group L were significantly larger at the 

immediate postoperative period, but after that, there were no significant differences between the 

2 groups.
 

The mean preoperative EF was 54.8 ± 9.7 % in Group L and 66.6 ± 6.0 % in Group S (P < 

0.05). There was a temporal decrease in both groups immediately after the operation, but it 

improved and maintained normal values during follow up, and no significant difference was 

recognized between the 2 groups. 
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Predictors of the normalization of LV systolic function 

Postoperative follow-up echocardiograms were obtained in 144 of the 177 patients and 23 of 

these patients (16.0%) were unable to recover to the normal value of EF. Several factors 

affecting recovery of postoperative LV systolic function were identified by univariate and 

multivariate analyses (Table 3). 

By means of univariate analysis, we determined that ESD, iESD, EF, cardiac index (CI), 

history of atrial fibrillation (AF) and smoking were associated with postoperative normalization 

of EF. EDD and iEDD were not predictive of normal EF in the postoperative period. By means 

of multivariate analysis, iESD and CI were found to be significant factors and patients with 

lower EF, history of AF and habit of smoking had poorer recovery of LV systolic function.  

Receiver operating characteristic curve analyses showed that the best cut-off values for 

predicting of EF recovery after surgery were iESD of 26.7 mm/m
2
, EF of 50.2 %, and CI of 2.71 

l/min/m
2
. 

To score the risk of poor recovery of LV systolic function with the above factor, we assigned 

2 points to a larger iESD(≧ 26.7 mm/m
2
), lower EF(＜ 50.2 %), history of AF and habit of 

smoking and 3 points to lower CI(＜ 2.71 l/min/m
2
). As a result, we found that patients with a 

score of 5 or more had poor recovery of LV systolic function after AVR, with a sensitivity and 
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specificity of 82.6% and 64.5%, respectively. 

 

Discussion 

In the new 2012 ESC/EACTS guidelines, iESD was used as a parameter for decision making 

for AVR for chronic AR, that is, asymptomatic patients with severe AR and severe LV 

dilatation (iESD > 25 mm/m
2
) were newly added as a class IIa indication for AVR. This 

revision was based on a report that the use of iESD improves the prediction of unfavorable 

outcome after AVR in patients with low BSA and that iESD > 25 mm/m
2
 should be used as a 

cut-off point for surgery rather than ESD > 50 mm in patients with low BSA. [4]. Indeed, 

Daimon et al. showed that BSA of Japanese is very low and LV dimensions are small compared 

with the reference values in the guidelines from the American Society of Echocardiography [11]. 

In this study, the mean BSA was 1.57 ± 0.17 m
2
, which demonstrates that our patients were 

smaller than those in other reports, especially those from Western countries [6, 11, 12]. This 

difference in physique between Japanese and Western populations will have a great effect on 

how the grade of LV dilatation influences the results of AVR. 

In this study, we found that iESD of 26.7 mm/m
2 
was the best cut-off values for predicting EF 

recovery after surgery, and this result supports the new guideline from the viewpoint of the LV 

reverse remodeling effect. However, there was no significant factor in late survival, 
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cardiac-related death and freedom from rehospitalization due to heart failure despite the use of 

indexed LV dimensions. 
 

The present results revealed that patients who had isolated AVR for chronic AR had good 

clinical results regardless of the severity of LV dilatation and hospital mortality at our hospital 

(1.1%) was lower than other previous studies (1.7 % to 14 %) [4, 5, 6, 13, 14] and late survival 

was good. These good results are thought to be due to improved operative techniques, intensive 

care and medical therapy, as well as low incidence of cardiac-related complications. 

The timing of operation for asymptomatic severe chronic AR remains controversial. 

Preoperative ESD has been reported as a poor prognostic factor in patients with severe AR after 

AVR. Henry et al. showed that cases with ESD ≧ 55mm and % fractional shortening < 25% 

had a poor prognosis and more frequent post-operative complications [3]. Some clinicians 

looked negatively at the operation because they believed myocardial changes in these patients to 

be at an irreversible stage [15]. The Euro Heart Survey revealed that only 22 % of chronic AR 

patients with LVEF of from 30 to 50 % received the operation and only 3 % of those with 

LVEF < 30 % did [16]. This situation may be because of the clear relationship between lower 

preoperative LVEF and worse postoperative survival. Therefore, 55 mm of ESD has been 

widely accepted as a cut off value indicating poor prognosis and there is still a major reluctance 

to offer AVR to these patients in the current era. 
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Even though many of them develop irreversible changes, some cases manifest a meaningful 

recovery of LV function after AVR, [14, 15, 17, 18]. Some studies showed there was no 

significance difference in survival rate between cases with severe LV dysfunction and those 

with normal LV function after AVR [19, 20]. Our study had 18 patients (10.2%) with ESD ≧ 

55mm and there was no operative mortality and no significant difference in postoperative 

course at late follow up compared with patients with ESD < 55mm. 

The current ACC/AHA guidelines do not recommend AVR for patients with LVEF > 50 %, 

EDD < 70 mm, and ESD < 50 mm in the absence of concomitant cardiac or aortic surgery [21] 

and few studies have evaluated the impact of AVR on survival in the asymptomatic phase of the 

disease. Turk et al. investigated whether AVR would yield a survival benefit in asymptomatic 

severe AR patients with those parameter values and showed that AVR was associated with 

significant survival benefit [22]. Considering the declining operative mortality of AVR and the 

improvement of perioperative management, these results possibly support a strategy of earlier 

surgery for AR and despite serving as a class III indication, AVR could be indicated in severe 

asymptomatic AR patients with normal LVEF and lesser LV dilatation. 

AR is the combined condition of volume overload and pressure overload and LVEF and ESD 

have been focused on as measures of LV pump performance and EDD as a measure of the 

severity of the volume overload in asymptomatic patients with AR. After the removal of this 
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condition with surgical repair, enlarged LV dimensions, mainly EDD, are usually reduced 

within a few weeks after the operation, because the effect of preload decrease appears to be 

dominant at this time. Therefore, LVEF decreases temporarily [22 - 24]. In our study, both 

groups had great reduction in iEDD and iESD, but the decrease in iESD in Group S was smaller 

than in Group L. That’s why the grade of LVEF decline was greater in Group L but Group S 

had significantly better LVEF than Group L. After discharge, Group L had additional 

improvement in LV dimensions, and LV function reached a plateau at the early period after the 

operation. This chronological change could result from the reduced afterload with gradual 

improvement in LV function after surgery or it might show an actual improvement in contractile 

function and would indicate that it takes about one year to make sure of the improvement of LV 

function with AVR. That is why we choose this period as the appropriate timing for judging the 

effect of the operation. 

The other predictors we identified, CI, history of AF and habit of smoking should also be 

considered in assessing the postoperative prognosis of these patients. 

In the presence of severe AR, stroke volume (SV) depends on the regurgitant volume and on 

the pumping capacity of LV. Some studies have clearly suggested a link between SV and the 

presence and extent of viable myocardium in patients with heart failure from systolic 

dysfunction [25,26]. CI is associated with SV in this condition, and the preservation of elevated 
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CI with decreased systolic function could suggest that there is enough viable myocardium and 

the operation can lead this heart to eventual favorable remodeling. 

There are few studies about the relationship between AF, habit of smoking and recovery of 

LV function after surgery. Persistent AF is reported to be independently associated with 

increasing diffuse fibrosis of LV and AF itself may play an independent role in adverse cardiac 

remodeling [27]. Smoking that includes more than 4000 chemical substances, promotes 

cardiomyocyte apoptosis by inducing oxidative stress and is suggested to be related to LV 

dysfunction [28, 29]. Further studies are necessary to evaluate how these conditions affect the 

postoperative clinical course.  

To our knowledge, this is the first study to evaluate the effect of AVR on LV reverse 

remodeling from the point of preoperative factors including hemodynamics indices such as 

iESD and CI and to score the risk in Japanese patients. These days, the improvement in 

operative results is shifting the timing of AVR for AR earlier, and this prediction score is 

thought to be a useful decision-making tool for the operation.   

The limitations of this study are as follows. First, our study is a retrospective study and 

despite our efforts to control for confounding data and selection bias, it is not possible to control 

for all confounders. Second, as a single center study, our sample size is relatively small and 

susceptible to a type II error. Therefore we could not come to definite conclusions. However, 
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the follow-up periods were more than 20 years, which was adequate for examining the effect of 

isolated AVR for chronic AR.  

 

Conclusion 

The results of AVR for chronic AR were satisfactory in terms of early and late survival and 

no factor significantly affected the clinical results. However, for the preservation of 

postoperative normal LV systolic function, AVR for AR patients should be indicated before 

iESD reaches 26.7 mm/m
2
. This result supports the new guidelines from the viewpoint of the 

LV reverse remodeling effect. 
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Figure legends 

(Table 1) Comparison of preoperative patients’ characteristics 

Characteristics All patients Group L Group S P value 

Number of patients 177 130 47 
 

Age (years) 
58.4 ± 15.4 

(21～84) 

58.7 ± 15.4 

(26～84) 

57.7 ± 15.6 

(21～84) 
0.71 

Male / Female 122 / 55 90 / 40 32 / 15 0.83 

BSA (m
2
) 1.57 ± 0.17 1.56 ± 0.16 1.60 ± 0.17 0.11 

NYHA Ⅲor Ⅳ 37 (20.9%) 26 (20.0%) 11 (23.4%) 0.09 

EDD (mm) 
63.6 ± 8.5 

(45～88) 

66.0 ± 8.1 

(47～88) 

57.1 ± 5.8 

(45～67) 
<0.01 

iEDD (mm/m
2
) 

40.9 ± 6.0 

(29～62) 

42.9 ± 5.5 

(35～62) 

35.4 ± 3.1 

(29～42) 
<0.01 

ESD (mm) 
43.7 ± 8.6 

(28～68) 

46.7 ± 7.9 

(32～68) 

35.6 ± 4.4 

(28～45) 
<0.01 

iESD (mm/m
2
) 

28.2 ± 6.0 

(17～49) 

30.4 ± 5.5 

(25～49) 

22.1 ± 1.8 

(17～24) 
- 

EF (%) 
58.0 ± 10.3 

(31～74) 

54.8 ± 9.7 

(31～72) 

66.6 ± 6.0 

(57～79) 
<0.01 

BSA: body surface area 

NYHA: New York Heart Association 

EDD: end diastolic diameter 

iEDD: indexed end diastolic diameter 

ESD: end systolic diameter 

iESD: indexed end systolic diameter 

EF: ejection fraction 

Group L: iESD > 25 mm/m
2
, Group S: iESD ≦ 25 mm/m

2 
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P value: Group L vs Group S  

 

(Fig 1)  

(A) Actuarial survival rate 

(B) Freedom from cardiac-related deaths 

(C) Freedom from rehospitalization due to heart failure 

Group L: iESD > 25 mm/m
2
, Group S: iESD ≦ 25 mm/m

2 
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(Fig 2)  

(A) Preoperative, immediate postoperative, early postoperative and late postoperative iEDD 

(B) Preoperative, immediate postoperative, early postoperative and late postoperative iESD 

(C) Preoperative, immediate postoperative, early postoperative and late postoperative EF.  

iEDD: indexed end diastolic diameter 

iESD: indexed end systolic diameter 

EF: ejection fraction 

op: operation 

1y: 1 year 

Group L: iESD > 25 mm/m
2
, Group S: iESD ≦ 25 mm/m

2 

*  : Significant difference (p < 0.05) between 2 groups. 

※ : p < 0.05 between 2 periods in Group L 

× : p < 0.05 between 2 periods in Group S 
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(Table 2) Summary of eight rehospitalized patients  
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Patient 

Pre-ope  

iEDD / iESD 

(mm/m
2
) 

Pre-opeEF 

(%) 
Cause of rehospitalization Outcome 

Duration from 

surgery (mo) 

64 M 35 / 19 75 CHF following thrombosed valve  death 66 

67 M 57 / 40 51 CHF with exacerbation of MR death 93 

47 M 56 / 44 43 
CHF due to difficulty with volume 

control for HD  
death 101 

66 F 37 / 24 64 
CHF with new occurrence of AF 

and exacerbation of MR 
death 234 

69 M 37 / 29 42 CHF with exacerbation of MR alive 128 

72 M 35 / 24 60 unknown alive 174 

51 M 40 / 30 48 CHF with exacerbation of MR alive 186 

40 M 45 / 40 27 
CHF with CRT  

for trifasoicular block 
alive 186 

iEDD: indexed end diastolic diameter 

iESD: indexed end systolic diameter 

EF: ejection fraction 

CHF: congestive heart failure 

MR: mitral regurgitation 

HD: hemodialysis 

AF: atrial fibrillation 

CRT: cardiac resynchronization therapy 

mo: month 

 

(Table 3) Multivariable Cox proportional hazards regression model of recovery of LV systolic 
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function  

 

Variable 
Odds ratio                    

[95% Confidence Interval] 
P value 

iESD 3.72 [1.05-13.2] 0.04 

EF 3.14 [0.92-10.71] 0.06 

CI 4.76 [1.38-16.39] 0.01 

AF 5.22 [0.99-27.46] 0.05 

smoking 2.82 [0.93-8.53] 0.06 

 

LV: left ventricle 

iESD: :indexed end systolic diameter  

EF: ejection fraction 

CI: cardiac index 

AF: atrial fibrillation 

 

 


