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ABSTRACT 

Objective: The aim of this study was to predict mid-term left atrial reverse remodeling after mitral valve surgery. Pa- 
tients and Methods: Echocardiographic data was obtained preoperatively and at follow-up from 105 patients who un- 
derwent mitral valve surgery. Left atrial volume (LAV) was decreased by >30% from baseline in 43 patients (group A), 
but not in 62 patients (group B). Results: Patients in group A were younger (p = 0.0029). Male was more (p = 0.05) and 
prosthesis size was bigger in group A (p = 0.005). Only age was a predictor of left atrial reverse remodeling in a logistic 
regression model (OR = 0.93, 95% CI 0.88 - 0.99; p = 0.03). Late mean trans-mitral pressure gradient was lower in 
group A than in group B (p = 0.01). There was a weak correlation between the change in left ventricular end-diastolic 
diameter (LVDd) and LAV (correlation coefficient 0.27, 95% CI 0.07 - 0.45; p = 0.008). Survival and freedom from 
major adverse cardiac events did not differ between the groups (p = 0.31 and p = 0.87 by log-rank test). Conclusions: 
Age was the only predictor of left atrial reverse remodeling. There was a weak correlation between changes in LVDd 
and LAV. 
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1. Introduction 

Left ventricular remodeling, enlargement of the left ven- 
tricle, is a well-known consequence of left ventricular 
dysfunction [1]. Medical treatment of chronic left ventri- 
cular heart failure is thought to cause left ventricular re- 
verse remodeling, which is a reduction in the size of the 
left ventricle. Not only medical treatment, but also mitral 
valve surgery can cause left ventricular reverse remodel- 
ing. Left ventricular reverse remodeling can lead to better 
clinical outcomes. In contrast, changes in the size of the 
left atrium have not been as well studied. Left atrial en- 
largement is associated with adverse cardiovascular out- 
comes, including left ventricular dysfunction, atrial fib- 
rillation, and stroke [2,3]. Causes of left atrial enlarge- 
ment are thought to include atrial fibrillation and mitral 
valve disease [4]. 

Patients with severe long-standing chronic mitral valve 
disease or atrial fibrillation can experience alterations in 
the size of the left atrium, a process known as left atrial 
remodeling [5]. For example, left atrial remodeling can 
be caused by pressure overload in association with mitral 

stenosis or volume overload in association with mitral re- 
gurgitation [4]. Left atrial remodeling includes left atrial 
dilatation, left atrial dysfunction, and left atrial failure 
[6,7]. Since mitral valve surgery can correct anti-physio- 
logical conditions in the mitral valve, it can also cause 
left atrial reverse remodeling. 

In this study, we aimed to identify predictors of mid- 
term left atrial reverse remodeling after mitral valve sur- 
gery, and to compare left atrial reverse remodeling and 
left ventricular reverse remodeling. 

2. Patients and Methods 

A total of 105 mitral valve surgeries were performed be- 
tween 2006 and 2009 at our institution and were included 
in this study. Initial data were collected from patient 
medical records. Full Doppler echocardiography was per- 
formed preoperatively and more than 6 months post- 
operatively for all patients. 

Left ventricular end-systolic diameter (LVDs), left ven- 
tricular end-diastolic diameter (LVDd), and end-diastolic 
septal and posterior wall thickness were measured in the 
parasternal view using 2D-guided M-Mode echocardio- 
graphy in accordance with the recommendations for 
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chamber quantification [8]. Left ventricular ejection frac- 
tion (EF) and mitral valve area were also recorded. Left 
atrial volume was measured using the prolate ellipse me- 
thod [9]. The postoperative peak and mean diastolic pres- 
sure gradient across the mitral valve and tricuspid valve 
were calculated from the apical 4-chamber view. 

Institutional approval for this study was obtained, and 
each patient provided informed consent before participa- 
tion. Patients in whom the mid-term left atrial volume 
was decreased by >30% from baseline were classified as 
group A, and those in whom no such change was seen 
were classified as group B. We then compared the back- 
ground, outcomes, and echocardiographic data from the 
patients in these 2 groups. 

The primary endpoint was late survival, and the sec- 
ondary endpoint was the incidence of major adverse car- 
diac events (MACE) and neurological events. MACE 
was defined as cardiac events that required re-admission. 
Follow-up was conducted periodically on a structured 
outpatient clinic basis, along with a review of hospital 
healthcare records and echocardiographic documentation. 

3. Surgical Procedures 

All surgeries were performed under general anesthesia. 
Anesthetic techniques and medications were similar in all 
patients. Anesthesia was induced with fentanyl, propofol, 
and neuromuscular paralytic drugs and was maintained 
by inhalation anesthesia using the same drugs. All mitral 
valve surgeries were performed with moderate hypother- 
mia and antegrade cold cardioplegic solution. Bypass ma- 
nagement included membrane oxygenators, arterial line 
filters, use of a roller pump, a nonpulsatile flow of 2.4 
l/min/m2 and a target mean arterial pressure > 50 mm Hg. 
MAZE procedures were performed using a radiofre- 
quency ablation device. 

4. Statistical Analysis 

All data were reviewed retrospectively. All continuous 
values are expressed as mean ± SD. A comparative ana- 
lysis of the 2 different patient groups was performed. 
Differences were analyzed using univariate analyses (the 
χ2 test, the two-tailed t test, and the Mann-Whitney U test 
as appropriate). The Kaplan-Meier method was used to 
assess the time-related outcomes of survival and freedom 
from MACE. Survival curves were compared using the 
log-rank test; p < 0.05 was used to indicate significance. 

5. Results 

Overall, left atrial volume decreased from 108.6 ± 72.6 
mL (preoperative period) to 79.4 ± 53.8 mL (long-term 
follow-up). Mid-term left atrial volume was decreased by 
>30% from baseline in 43 patients (group A), but no such 

changes were observed in 62 patients (group B). The av- 
erage follow-up was 18.0 ± 11.1 months, and the average 
duration between surgery and follow-up echocardiogram- 
phy was 16.2 ± 1.33 months. Tables 1 and 2 show pre- 
operative and perioperative variables, respectively. Pa- 
tients in group A were younger (64.1 ± 7.4 years) than 
those in group B (69.3 ± 7.7 years; p = 0.0029). The 
proportion of males was also higher in group A (67.4%) 
compared with group B (46.7%), and the prosthesis was 
larger in group A (27.8 ± 1.7 mm) than group B (26.7 ± 
1.7 mm) (p = 0.005). The proportion of patients with a 
pathological disorder, mainly mitral regurgitation, did 
not differ between the groups (A, 88.4% vs. B, 82.3%; p 
= 0.42), nor did the proportion requiring valve repair (A, 
11.6% vs. B, 8.1%; p = 0.73). A mechanical valve was 
used in 65.8% of patients in group A and 31.6% of pa- 
tients in group B (p = 0.005). There was no between- 
group difference in the prevalence of preoperative atrial 
fibrillation (A, 48.8% vs. B, 48.4%; p = 0.99), perform- 
ance of MAZE procedures (A, 25.6% vs. B, 16.1%; p = 
0.32), or late atrial fibrillation (A, 32.6% vs. B, 33.0%). 
Table 3 shows the results of a multivariate predictor 
analysis of mid-term left atrial reverse remodeling. Fac- 
tors with p < 0.05 in the univariate analysis were in- 
cluded in the multivariate analysis. Preoperative atrial 
fibrillation, which has been reported to be a factor caus- 
ing left atrial remodeling, was also included in the mul- 
tivariate analysis. Only age was found to be a predictor 
of left atrial reverse remodeling in the logistic regression  
 

Table 1. Preoperative variables. 

 
Group A  
(n = 43) 

Group B 
(n = 62) 

p 

Age (years) 64.1 ± 9.4 69.3 ± 1.1 0.003

Sex (% male) 29 (67.4%) 29 (46.7%) 0.05

Body weight (kg) 55.9 ± 10.6 55.7 ± 11.4 0.95

Height (cm) 161 ± 10.8 158 ± 10.1 0.40

Body surface area (m2) 1.58 ± 0.19 1.53 ± 0.27 0.30

Emergency (%) 1 (2.3%) 3 (4.8%) 0.64

Preoperative NYHA class 2.3 ± 0.9 2.3 ± 1.0 0.94

Coronary artery disease (%) 5 (11.6%) 10 (16.1%) 0.58

Hypertension (%) 14 (32.6%) 25 (40.3%) 0.54

Diabetes mellitus (%) 5 (11.6%) 8 (12.9%) 0.99

Hyperlipidemia (%) 12 (27.9%) 11 (17.7%) 0.24

Chronic renal failure (%) 0 5 (8.0%) 0.08

Peripheral vascular disease (%) 0 2 (3.2%) 0.51

Preoperative atrial fibrillation (%) 21 (48.8%) 30 (48.3%) 0.99

Mitral regurgitation (%) 38 (88.4%) 51 (82.3%) 0.65
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Table 2. Perioperative variables. 

 
Group A  
(n = 43) 

Group B 
(n = 62) 

p 

Valve repair (%) 5 (11.6%) 5 (8.0%) 0.74

Prosthesis size (mm) 27.8 ± 1.7 26.7 ± 1.7 0.005

Operation time (minutes)  202 ± 58 220 ± 78 0.22

ECC time (minutes) 121 ± 49 113 ± 33 0.33

ACC time (minutes) 84.2 ± 24.9 85.6 ± 37.4 0.82

Blood transfusion (%) 17 (39.5%) 29 (46.8%) 0.43

Mechanical valve (%) 1 (2.3%) 10 (16.1%) 0.30

MAZE procedure (%) 10 (23.3%) 11 (17.7%) 0.32

Concomitant CABG 9 (20.9%) 3 (4.8%) 0.35

Concomitant AVR 10 (23.3%) 18 (29.0%) 0.65

Concomitant tricuspid surgery 13 (30.2%) 23 (37.1%) 0.31

Chordal preservation 33 (76.7%) 50 (80.6%) 0.73

LV reconstruction 2 (4.7%) 2 (3.2%) 0.99

 
Table 3. Multivariate analysis. 

 p Hazard ratio 95% CI 

Age 0.04 0.94 0.88 - 0.99

Sex (male) 0.36 1.58 0.58 - 4.23

Prosthesis size 0.64 1.24 0.49 - 3.14

Preoperative atrial fibrillation 0.25 1.19 0.88 - 1.60

 
model (OR = 0.93, 95% CI 0.88 - 0.99; p = 0.03). Preop- 
erative and follow-up echocardiographic data are shown 
in Table 4. Patients in group A had a lower pressure gra- 
dient across the prosthetic valve (peak A, 8.0 ± 4.4 vs. B, 
10.3 ± 4.2, p = 0.01; mean A, 3.0 ± 1.3 vs. B, 3.9 ± 1.9, p 
= 0.01). Preoperative echocardiography data showed that 
the preoperative LVDd was larger (A, 55.9 ± 8.6 mm vs. 
B, 51.3 ± 9.5 mm; p = 0.02), the preoperative transpul- 
monary gradient was higher (A, 36.8 ± 16.6 mm Hg vs. 
B, 31.0 ± 11.3 mm Hg; p = 0.04), and the preoperative 
left atrial volume was larger (A, 129.0 ± 87.1 mm vs. B, 
94.5 ± 57.2 mm; p = 0.02) among patients in group A 
compared with those in group B. Mid-term echocardi- 
ography showed that the peak (A, 8.1 ± 4.1 mm Hg vs. B, 
10.3 ± 4.2 mm Hg; p = 0.01) and mean (A, 2.9 ± 1.2 mm 
Hg vs. B, 3.9 ± 1.8 mm Hg; p = 0.01) trans-mitral pres- 
sure gradient was lower among patients in group A com- 
pared with those in group B. The changes in LVDd and 
LVDs (mid-term/preoperative %) were different between 
the groups (Dd A, 85 ± 8% vs. B, 94 ± 12%, p = 0.0007; 
Ds: A, 90 ± 17% vs. B, 98 ± 19%, p = 0.04). There was a 
weak correlation between the changes in Dd and left 

atrial volume (correlation coefficient 0.27, 95% CI 0.07 - 
0.45; p = 0.008) (Figure 1). Clinical outcomes are shown 
in Table 5. The survival rate and freedom from MACE 
were not significantly different between the groups (p = 
0.31 and p = 0.87 by log-rank test) (Figures 2 and 3). 

6. Discussion 

Left atrial size has traditionally been thought to be im- 
portant in patients with mitral valve pathology because it 
reflects the history (severity and duration) of mitral valve 
 

Table 4. Echocardiographic data. 

Preoperative 
Group A  
(n = 43) 

Group B 
(n = 62) 

p 

LVDd 55.9 ± 8.9 51.3 ± 9.5 0.02 

LVDs 39.1 ± 10.9 35.5 ± 9.5 0.08 

LVEF 56.0 ± 14.2 56.5 ± 12.9 0.85 

PG across TV 36.8 ± 16.6 31.0 ± 11.3 0.05 

LA volume 129.0 ± 87.1 94.5 ± 57.1 0.02 

Mid-term    

LVDd 46.9 ± 7.5 47.3 ± 8.8 0.81 

LVDs 33.6 ± 9.2 34.4 ± 10.9 0.70 

LVEF 54.2 ± 11.8 53.6 ± 12.7 0.82 

PG across TV 22.4 ± 8.4 25.3 ± 6.7 0.01 

Peak PG across MV 8.0 ± 4.4 10.3 ± 4.2 0.01 

Mean PG across MV 3.0 ± 1.3 3.9 ± 1.9 0.01 

MV area 2.6 ± 0.6 2.4 ± 0.6 0.09 

LA volume 67.7 ± 54.3 87.5 ± 52.4 0.06 

Changes of chambers 
(Mid-term/pre, %) 

   

LVDd 85.2 ± 8.8 93.5 ± 12.5 0.0007

LVDs 89.8 ± 17.1 98.1 ± 19.7 0.04 

LA volume 52.3 ± 12.1 94.8 ± 21.6 0.0001

 
Correlation between changes of LA volume and change of LVDd

1.2

0.2  0.4   0.6   0.8   1   1.2   1.4  1.6
LAV change 
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Figure 1. Correlation between changes in left atrial volume 
and LVDd. 
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Table 5. Outcomes. 

 Group A (n = 43) Group B (n = 62) p

Re-exploration 1 (2.3%) 3 (4.8%) 0.64

Postop renal failure 2 (4.7%) 5 (8.0%) 0.70

Postop atrial fibrillation 11 (25.6%) 18 (29.0%) 0.83

Postop LOS 1 (2.3%) 4 (6.5%) 0.65

Postop LV rupture 1 (2.3%) 0 0.41

Postop NYHA 1.00 ± 0.37 1.06 ± 0.41 0.39

Hospital mortality 0 2 (3.2%) 0.51

Late mortality 2 (4.7%) 5 (8.2%) 0.70

Late MACE 3 (7.0%) 3 (4.8%) 0.69

Late atrial fibrillation 14 (32.6%) 21 (33.0%) 0.83

 
Survival curve stratified by the groups 

0    0.5    1    1.5   2    2.5    3    3.5
Years after surgery 

0.2 

1 

0.8 

0.6 

0.4 

Group A 

Group B 

P = 0.309

100% 

 

Figure 2. Survival curve. 
 

Freedom from MACE stratified by the groups

0   0.5  1  1.5   2   2.5  3  3.5   4  4.5
Years after surgery 

0 
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Group B 

P = 0.872

100% 

 

Figure 3. Freedom from MACE. 
 
disease [4]. Atrial enlargement has also been considered 
to occur as a consequence of atrial fibrillation [5]. While 
left ventricular reverse remodeling after mitral valve sur- 
gery has been widely reported, left atrial remodeling has 
not been well studied [1]. 

Left atrial volume rather than left atrial dimension or 
size has traditionally been considered important [6,10- 

14]. Recently, left atrial volume and function have been 
reported to be important for atrial fibrillation and left 
ventricular dysfunction [6,13,15-17]. Left atrial enlarge- 
ment is common and is associated with various adverse 
cardiovascular outcomes, including atrial fibrillation and 
thromboembolic events [13,18]. Osnranek et al. reported 
that patients with a left atrial volume > 32 mL/m2 had an 
almost 5-fold increased risk of postoperative atrial fibril- 
lation after cardiac surgery [18]. Left atrial volume is a 
more robust marker of cardiovascular events than either 
left atrial area or diameter [15]. Left atrial enlargement 
can also be induced by acceleration of mitral valve pa- 
thology, a process known as left atrial remodeling. Left 
atrial remodeling leads to left atrial enlargement, left 
atrial dysfunction, and left atrial failure [6,7]. Recently, 
left atrial remodeling has also been associated with left 
ventricular diastolic dysfunction [19-21]. This process is 
commonly associated with pressure overload in mitral 
stenosis or volume overload in mitral regurgitation. 

Mitral valve surgery has already been reported to in- 
duce left ventricular reverse remodeling and left atrial 
reverse remodeling [2,17,22,23]. However, factors pre- 
dictive of mid- or long-term left atrial reverse remodeling 
after mitral valve surgery have not been clarified. This is 
the first report on the mid-term left atrial reverse remod- 
eling after mitral valve surgery. Although we did not find 
any difference in mid-term survival or freedom from 
MACE, long-term follow-up studies are needed to prove 
that better clinical outcomes are associated with left atrial 
reverse remodeling. We also found a correlation between 
left atrial reverse remodeling and left ventricular reverse 
remodeling. The mechanisms by which reverse remodel- 
ing of the left atrium and left ventricle occur have not 
been clarified, and the relationship and correlation be- 
tween left atrial and ventricular reverse remodeling have 
not been documented previously. There is no clear patho- 
logical explanation for our findings, and further studies 
are needed to clarify the mechanism responsible for this 
correlation. 

Cho et al. studied left atrial reverse remodeling occur- 
ring immediately after mitral valve surgery [24]. They re- 
ported that a larger preoperative left atrial volume, mitral 
regurgitation rather than stenosis, younger age at the time 
of surgery, and sinus rhythm were predictive of left atrial 
reverse remodeling after mitral valve surgery. In com- 
parison, our study supported the findings of younger age 
and larger preoperative left atrial volume being predic- 
tive of left atrial reverse remodeling, but we found no 
such association for sinus rhythm or mitral pathology. 

Most patients with preoperative atrial fibrillation have 
already undergone significant left atrial remodeling be- 
fore surgery (atrial enlargement has been considered a 
consequence of atrial fibrillation for at least 2 decades)  
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[5]. The preoperative left atrial volume is thus signifi- 
cantly larger than normal in this patient group and so for 
these patients 2 preoperative factors, namely, preopera- 
tive rhythm and preoperative left atrial size, are strongly 
associated with each other. Reant et al. reported that re- 
stored sinus rhythm appears to be associated with left 
atrial reverse remodeling and reserved left ventricular 
diastolic function [25]. In our study, multivariate analysis 
eliminated the influence of preoperative rhythm. How- 
ever, we still think that the preoperative sinus rhythm 
could be a preoperative predictor. However, we also be- 
lieve that even patients with atrial fibrillation could have 
left atrial reverse remodeling if they have a large preop- 
erative left atrial volume. Tsang noted that left atrial vol- 
ume is an important predictor of cardiovascular events 
among patients with sinus rhythm, but not among pa- 
tients with atrial fibrillation [15]. Our study suggests that, 
in patients with atrial fibrillation, mid-term left atrial re- 
verse remodeling after mitral valve surgery could lead to 
better mid-term clinical outcomes. 

Left atrial reverse remodeling after mitral repair has 
been reported by several authors [2,22,23]. Westenberg 
reported that restrictive annuloplasty for patients with di- 
lated cardiomyopathy resulted in significant left atrial 
and left ventricular reverse remodeling [22]. Camterin et 
al. reported on left atrial reverse remodeling early after 
mitral valve repair for mitral regurgitation [2]. They con- 
cluded that left atrial reverse remodeling is common and 
that a larger left atrium, lower blood pressure, and younger 
age preoperatively and lower trans-mitral mean pressure 
gradient and smaller residual mitral regurgitation post- 
operatively, were predictors of left atrial reverse remod- 
eling [2]. Our findings support the predictive ability of a 
larger left atrium and younger age preoperatively and a 
lower trans-mitral mean pressure gradient postopera- 
tively. Whether a procedure is performed for repair or re- 
placement, and whether the preoperative diagnosis is mi- 
tral regurgitation or stenosis, could also be predictive of 
left atrial remodeling after mitral valve surgery. 

7. Limitation 

There were several limitations to the present study. This 
was a single-institution, non randomized, retrospective, 
observational clinical study. The sample size was small. 
We cannot, therefore, exclude a possible bias due to in- 
stitutional standards or the patient population. Larger 
prospective studies are required to offset these limita- 
tions. 

8. Conclusion 

Age was the only predictor of mid-term left atrial reverse 
remodeling. There was a weak correlation between 
changes in LVDd and left atrial volume. 
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