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Prognostic Predictors of Tricuspid Regurgitation
Worsening after Mitral Regurgitation Surgery
with Mild Tricuspid Regurgitation
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Clinical outcomes of left atrial volume index for tri-
cuspid regurgitation worsening.

Central Message

Left atrial enlargement in patients with mitral

regurgitation and mild preoperative tricuspid

regurgitation (TR) was significantly associated

with postoperative TR worsening.

Perspective Statement

The present study shows that preoperative left

atrial (LA) volume is a useful surrogate marker

to predict postoperative tricuspid regurgitation
We aimed to investigate the prevalence and predictors of postoperative tri-
cuspid regurgitation (TR) worsening in patients with mitral regurgitation (MR)
and concomitant ≤mild TR. A total of 620 patients underwent surgery for MR
from 2013 to 2017. Of these, 260 had ≤mild preoperative TR and no con-
comitant tricuspid valve surgery and were enrolled in this single-center retro-
spective study. The primary endpoint was postoperative worsening of
≥moderate TR. The primary endpoint occurred in 28 of 260 patients (11%)
during the follow-up period [median: 4.1 years (interquartile range: 2.9�6.1
years)]. In the multivariable analysis, age, female sex, and left atrial volume
index (LAVI) were significant predictors of the primary outcome during inter-
mediate-term follow-up (age: hazard ratio [HR] 1.05 per 1-year increment,
95% confidence interval [CI] 1.02�1.10, P = 0.003; female sex: HR 3.53,
95% CI 1.61�7.72, P = 0.002; LAVI: HR 1.17 per 10-mL/m2 increment, 95%
CI 1.07�1.26, P < 0.001). The optimal LAVI cut-off value for predicting post-
operative TR worsening was 79 mL/m2 (area under the curve: 0.69). A high
LAVI (>79 mL/m2) was significantly associated with a low rate of freedom
from postoperative TR worsening compared with a low LAVI (≤79 mL/m2)
(82.6% vs 93.9% at 5 years, respectively; log-rank P = 0.008). In patients
with ≤mild preoperative TR and no concomitant tricuspid surgery, the rate of
postoperative TR worsening was 11% during intermediate-term follow-up.
LA enlargement in patients with MR and ≤mild preoperative TR was signifi-
cantly associated with postoperative TR worsening.
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(TR) worsening in the clinical setting. A larger

preoperative LA volume may be useful, sug-
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Keywords: Valvular heart disease, Tricuspid regurgitation, Mitral
regurgitation, Echocardiography, Left atrial volume
 gesting that clinicians should pay attention to

postoperative follow-up after surgery in

patients with mitral regurgitation with mild pre-
operative TR.
INTRODUCTION
The prognosis of patients with progressive tricuspid regurgi-

tation (TR) during long-term follow-up after left-sided valve
surgery, especially surgery for mitral regurgitation (MR), is
poor.1-4 Atrial fibrillation (AF), tricuspid annulus (TA) dilata-
tion, and right ventricular dysfunction have been reported as
prognostic predictors in these patients.2-6 Therefore, the cur-
rent guidelines of American College of Cardiology (ACC) /
American Heart Association (AHA) and European Society of
Cardiology (ESC) for valvular heart diseases recommend the
aggressive concomitant surgical intervention for significant TR
with Class I (severe TR) or IIa (moderate TR with TA dilata-
tion) when a left-sided valve surgery is performed.7,8 However,
these guidelines have not reached a consensus in terms of the
usefulness of concomitant surgery for mild TR because of the
limited evidence.

Specifically, concomitant surgery for mild TR is recom-
mended for Class IIa in 2021 ESC guidelines and for Class IIb
in 2020 JCS guidelines with TA dilation, while there are no rec-
ommendations in 2020 ACC/AHA guidelines.7-9 A recent ran-
domized controlled trial that investigated the necessity of
concomitant tricuspid annuloplasty in patients with severe
degenerative MR and ≤moderate TR reported that postopera-
tive TR worsening occurred almost exclusively in patients with
moderate preoperative TR, but not in those with ≤mild TR and
TA dilatation. Thus, they called into question reliance on the
measurement of the TA diameter (TAD) to decide whether to
perform concomitant tricuspid valve surgery at the time of
mitral valve surgery in patients with mild TR.10 No studies
have reported the prevalence and predictors of postoperative
TR worsening after surgery for MR specifically in patients with
≤mild preoperative TR. The JCS recommendation is based on
previous data demonstrating the relationship between persis-
tent AF or TA dilatation and postoperative TR worsening.4,11-
13 On the other hand, whether AF contributes to worsening of
postoperative TR, even after surgery for MR in the era of the
Maze procedure for concomitant AF, remains unclear.14 In cur-
rent guidelines, the TA dilatation cut-off value for concomitant
surgery on the tricuspid valve is a TA diameter (TAD) of
>40 mm and/or a TAD index of >21 mm/m2, as measured in
the apical 4-chamber view on transthoracic echocardiogra-
phy.7-9 However, the data supporting the use of these values
are limited,15 and other studies have suggested that a TAD of
>40 mm is not a predictor of postoperative TR worsening after
mitral valve surgery.16,17 Thus, the usefulness of a TAD of
>40 mm and/or a TAD index of >21 mm/m2 for predicting
postoperative TR worsening is controversial, especially in
patients with ≤mild preoperative TR.18,19 To address this issue,
we aimed to investigate the prevalence and predictors of
2 Seminars in Th
postoperative TR worsening in patients with MR and concomi-
tant ≤mild preoperative TR.

METHODS

Study Population
A total of 620 consecutive patients who underwent mitral

valve surgery for MR from January 2013 to December 2017
were retrospectively enrolled. Patients who underwent previ-
ous open-heart surgery (n = 78) or with concomitant ≥moder-
ate mitral stenosis (n = 51), active infective endocarditis
(n = 23), pacemaker implantation (n = 20), systolic anterior
motion of the mitral valve (n = 14), acute MR (n = 7), or con-
comitant congenital heart disease (n = 5) were excluded. Of
the 422 remaining patients, 260 patients with ≤mild preopera-
tive TR who did not undergo concomitant tricuspid valve sur-
gery were enrolled (Figure 1). The demographic and baseline
clinical data of the patients were collected just before surgery.

This study was approved by the institutional review board of
the National Cerebral and Cardiovascular Center, Suita, Japan
(R19095; approval number: 19-322; approval date: December
28, 2019). This study was classified as a noninterventional
study because it did not use invasive procedures or human-
derived specimens; thus, the requirement for informed consent
was waived. However, the details of the study were dissemi-
nated to patients and their families/caregivers, with the oppor-
tunity for patients to decline study participation (opt-out).

Surgical Indication and Procedure
The surgical indications for MR were determined according

to current guidelines, and all procedures were performed by
experienced surgeons. A full median sternotomy or minimally
invasive cardiac surgery was performed. Mitral valve replace-
ment or mitral valve repair using an approved rigid or semi-
rigid annuloplasty ring was performed according to the
etiology and the degree of dysfunction. In patients with AF, a
modified Cox maze procedure was performed using a cryoa-
blator prior to mitral valve surgery, if indicated.20 Concomitant
coronary artery bypass grafting was also performed with the
use of standard techniques.

Echocardiographic Evaluation and Clinical Outcome
Echocardiography data before surgery; at discharge follow-

ing surgery; and at 1, 3, 5, and 7 years after surgery were ana-
lyzed. Two-dimensional echocardiography and Doppler
imaging were performed in all patients in accordance with the
guidelines of the American Society of Echocardiography.21-24

Left atrial (LA) volume was calculated using the biplane modi-
fied Simpson method and indexed to body surface area. MR
oracic and Cardiovascular Surgery � Volume 00, Number 00



Figure 1. Flowchart of the study population. MR, mitral regurgitation; TR, tricuspid regurgitation.
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severity was assessed qualitatively and quantitatively, and the
regurgitant volume was measured using the proximal isoveloc-
ity surface area method or the Doppler volumetric method. TR
severity was evaluated by color jet qualitative assessment on a
4-point scale, as follows: none (0), mild (1+), moderate (2+),
and severe (3+), according to guidelines.9,22 TAD was mea-
sured at late diastole in the apical 4-chamber view on transtho-
racic echocardiography. The TAD was also indexed to body
surface area (TAD index) and the square root of body surface
area. RA end-systolic area was measured according to the
guidelines for the echocardiographic assessment of the right
heart.24

Endpoints
The primary endpoint was postoperative worsening of

≥moderate TR. The secondary endpoint was cardiac events,
Seminars in Thoracic and Cardiovascular Surgery � Volume 00
defined as a composite of cardiac death, hospitalization due to
heart failure, and postoperative worsening of ≥moderate TR.
Death was regarded as being of cardiac origin unless obvious
noncardiac causes were identified. Hospitalization for heart
failure was defined as hospitalization due to worsening left-
sided or right-sided heart failure requiring intravenous drug
therapy. The TR grade was evaluated at discharge following
surgery, and at 1, 3, 5, and 7 years postoperatively. Data collec-
tion was censored in February 2021.

Statistical Analysis
Continuous variables are presented as mean § standard

deviation or median (interquartile range) and were compared
between the 2 groups using the Wilcoxon rank-sum test. Cate-
gorical data are presented as number (percent) and were com-
pared using Pearson’s x2 test or Fisher’s exact test. Two-sided
, Number 00 3



Table 1. Patients’ Characteristics

WTR Group (n = 28) NWTR Group (n = 232) P value

Clinical backgrounds
Age, years 66 § 9 59 § 14 0.006
Sex (female), n (%) 15 (54) 53 (23) <0.001
Body surface area, m2 1.57 § 0.22 1.68 § 0.19 0.007
NYHA class Ⅲ/Ⅳ, n (%) 3 (11) 14 (6) 0.34
Hypertension, n (%) 17 (61) 120 (52) 0.37
Diabetes mellitus, n (%) 3 (11) 20 (9) 0.71
Dyslipidemia, n (%) 11 (39) 77 (33) 0.52
Smoking habits, n (%) 9 (32) 108 (47) 0.15
AMI, n (%) 1 (4) 10 (4) 0.85
Post-PCI, n (%) 2 (7) 16 (7) 0.96
Atrial fibrillation, n (%) 7 (25) 45 (19) 0.48
Paroxysmal atrial fibrillation, n (%) 3 (11) 25 (11) 0.99

MR etiology
Degenerative, n (%) 25 (89) 200 (86) 0.83
Ventricular functional, n (%) 3 (11) 30 (13)
Atrial functional, n (%) 0 (0) 2 (1)

TR etiology
Functional, n (%) 28 (100) 232 (100) �

Laboratory data
Hemoglobin, g/dL 13.2 (12.1�13.9) 13.8 (12.7�14.6) 0.015
Creatinine, mg/dL 0.85 (0.64�1.15) 0.89 (0.76�1.02) 0.52
Brain natriuretic peptide, pg/mL 87 (56�208) 56 (25�125) 0.005

Medication
ACE-I/ARB, n (%) 3 (11) 69 (30) 0.034
Beta-blocker, n (%) 20 (71) 155 (67) 0.62
MRA, n (%) 21 (75) 183 (79) 0.64
Loop diuretic, n (%) 26 (93) 199 (86) 0.30

ACE-I, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin Ⅱ receptor blocker; MR, mitral regurgitation;
MRA, mineralocorticoid receptor antagonist; NWTR, nonworsening TR; NYHA, New York Heart Association; PCI, percutaneous coronary interven-
tion; TR, tricuspid regurgitation; WTR, worsening TR.
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P values of <0.05 were considered statistically significant. The
Cox regression analysis was used to estimate the hazard ratios
(HRs) in the worsening TR (WTR) group and in the nonwors-
ening TR (NWTR) group. The variables to be analyzed were
selected based on the factors with significant differences in
baseline echocardiographic data and the previous reported factors
for surgical indication (AF and TAD/TAD index). As the indicator
of LA size, LA volume index (LAVI) was selected because of the
3-dimensional evaluation. The best multivariable model was
selected by backward selection with the Akaike information crite-
rion using variables in the univariable analysis after excluding the
factors with VIF (variance inflation factor) >10 due to collinearity.
The receiver operating characteristic curve analysis was performed
to investigate the sensitivity and specificity of TR worsening dur-
ing follow-up after surgery and to determine the best cut-off value
for LAVI. The Kaplan�Meier method was used to estimate cumu-
lative event-free survival, and the survival curves were compared
between the 2 groups using the log-rank test. All statistical analy-
ses were performed using JMP software, version 15 (SAS Institute
Inc., Cary, NC, USA) and R 4.1.3 (The R Foundation for Statisti-
cal Computing, Vienna, Austria).
4 Seminars in Th
RESULTS

Patients’ Baseline Characteristics and Outcomes
The median follow-up period was 4.1 years (IQR: 2.9�6.1

years). Postoperative worsening of ≥moderate TR was detected
in 28 patients (the WTR group). The other 232 patients did
not show postoperative worsening of TR (the NWTR group).

The clinical features of the 2 groups are summarized in
Table 1. Patients in the WTR group were older (66 § 9 years
vs 59 § 14 years, P = 0.006) and had a smaller body surface
area (1.57 § 0.22 m2 vs 1.68 § 0.19 m2, P = 0.007) than
patients in the NWTR group. Moreover, the prevalence of the
female sex and the value of brain natriuretic peptide were
higher in the WTR group than in the NWTR group (female:
54% vs 23%, P < 0.001; brain natriuretic peptide: 87
[56�208] pg/mL vs 56 [25�125] pg/mL, P = 0.005). No sig-
nificant difference in MR etiology was found between the 2
groups. Preoperative TR etiology was functional in all patients,
and no patients with postoperative worsening of moderate TR
got worse to severe TR during the intermediate follow-up peri-
ods.
oracic and Cardiovascular Surgery � Volume 00, Number 00



Table 2. Echocardiographic and Right Heart Catheterization Data

WTR Group NWTR Group P value

Echocardiographic parameters n = 28 n = 232
LV end-diastolic dimension, mm 59 § 7 59 § 7 0.82
LV end-systolic dimension, mm 39 § 9 39 § 8 0.76
LV ejection fraction, % 60 § 11 58 § 12 0.31
LA diameter, mm 51 § 9 46 § 7 0.013
LA volume index, mL/m2 85 (62�117) 67 (54�81) 0.003
TRPG, mm Hg 33 § 9 (n = 27) 28 § 11 (n = 171) 0.003
E-wave velocity, m/s 1.22 § 0.28 1.15 § 0.33 0.26
e’ (average), cm/s 8.7 § 3.7 9.5 § 3.6 0.12
E/e’ (average), unit 15.9 § 6.7 13.5 § 5.6 0.059
MR regurgitant volume, mL 63 § 14 62 § 16 0.38
MR effective regurgitant orifice area, mm2 42 § 13 41 § 14 0.83
TAPSE, mm 21.7 § 5.2 21.7 § 5.5 0.98
RV FAC, % 37 § 7 36 § 7 0.49
RV end-diastolic dimension (PLAX RVOT), mm 29 § 5 31 § 5 0.090
RV end-diastolic dimension (RV inflow mid), mm 33 § 5 34 § 6 0.12
Tricuspid annular diameter, mm 33 § 5 34 § 5 0.49
Tricuspid annular diameter index, mm/m2 21.3 § 3.7 20.2 § 3.6 0.12
Tricuspid annular diameter/xBSA, mm/m 26.4 § 3.7 26.0 § 4.1 0.63
RA end-systolic area, cm2 13.8 § 3.3 14.6 § 3.5 0.28
Right heart catheterization data n = 23 n = 193

Mean PCWP, mm Hg 12 (10�16) 11 (8�16) 0.36
PCWP V wave, mm Hg 18 (15�32) 19 (13�30) 0.90
Systolic PAP, mm Hg 31 (27�44) 29 (24�38) 0.062
Mean PAP, mm Hg 21 (17�24) 18 (14�25) 0.15
Mean RAP, mm Hg 4 (3�6) 4 (2�6) 0.38
Cardiac output (Fick), L/min 4.5 (4.1�5.0) 5.1 (4.0�6.0) 0.14

BSA, body surface area; FAC, fractional area change; LA, left atrial; LV, left ventricular; MR, mitral regurgitation; NWTR, nonworsening TR; PAP,
pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PLAX, parasternal long-axis; RA, right atrial; RAP, right atrial pressure;
RV, right ventricle; RVOT, right ventricular outflow tract; TAPSE, tricuspid annular plane systolic excursion; TRPG, tricuspid regurgitation pressure
gradient; WTR, worsening TR.
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In the overall cohort, the secondary endpoint of cardiac
events occurred in 48 patients, including cardiac death
occurred in 2 patients, hospitalization due to heart failure
occurred in 20 patients with left heart failure, and postopera-
tive worsening of ≥moderate TR occurred in 26 patients.
Preoperative Echocardiography, Right Heart
Catheterization, and Surgical Procedure

The preoperative echocardiographic parameters and right
heart catheterization data are shown in Table 2. The LA diame-
ter (LAD), LAVI, and tricuspid regurgitation pressure gradient
(TRPG) were higher in the WTR group than in the NWTR
group (LAD: 51 § 9 mm vs 46 § 7 mm, P = 0.013; LAVI: 85
[62�117] mL/m2 vs 67 [54�81] mL/m2, P = 0.003; TRPG: 33
§ 9 mm Hg vs 28 § 11 mm Hg, P = 0.003). No significant dif-
ferences in ventricular size and function and in MR severity
were observed between the 2 groups. In terms of the preopera-
tive right heart catheterization data, the mean pulmonary artery
pressure tended to be higher in the WTR group than in the
NWTR group, although no significant differences were noted
in the other parameters, including the V wave of pulmonary
Seminars in Thoracic and Cardiovascular Surgery � Volume 00
capillary wedge pressure, mean right atrial pressure, and car-
diac output.

The surgical procedures are shown in Table 3. Mitral valve
plasty and minimally invasive cardiac surgery were performed
in 24 patients (86%) and 9 patients (32%), respectively, in the
WTR group, and in 218 patients (94%) and 102 patients
(44%), respectively, in the NWTR group (P = 0.10 and
P = 0.23, respectively). There were no significant differences in
concomitant procedures, including the maze procedure,
between the WTR group and the NWTR group (25% vs 16%,
respectively, P = 0.23).

Predictors of Postoperative Worsening of TR
In the univariate Cox regression analysis, age, female sex,

body surface area, LAVI, TRPG, TAD index were predictors of
postoperative worsening of TR, whereas AF and TAD were not
significant predictors (Table 4). In the multivariable Cox
regression analysis adjusted for age and sex, LAVI and TRPG
were significant predictors of postoperative worsening of TR
(LAVI: HR 1.17 per 10-mL/m2 increment, 95% confidence
interval [CI] 1.07�1.26, P < 0.001; TRPG: HR 1.04 per 1-mm
Hg increment, 95% CI 1.00�1.07, P = 0.017). Conversely, AF,
, Number 00 5



Table 4. Cox Regression Analysis for Postoperative TR Worsening

Variables Univariable Analysis Age- and Sex-Adjusted Analysis Multivariable Analysis*

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR
(95% CI)

P value

Age (1-year increment) 1.05 (1.02�1.09) 0.004 1.05 (1.02�1.10) 0.003 1.04 (1.01-1.08) 0.02
Female sex 4.57 (2.13�9.80) <0.001 3.53 (1.61�7.72) 0.002 3.26 (1.47-7.21) 0.004
Body surface area
(1 m2 increment)

0.08 (0.02�0.41) 0.002 1.77 (0.09�39.56) 0.72

Atrial fibrillation 1.33 (0.56�3.16) 0.51 1.02 (0.42�2.45) 0.97
LAVI (10 mL/m2

increment)
1.17 (1.07�1.26) <0.001 1.21 (1.10�1.32) <0.001 1.21 (1.10�1.32) <0.001

LA enlargement
(LAVI >79 mL/m2) y

3.81 (1.78�8.17) <0.001 3.42 (1.59�7.37) 0.002 3.42 (1.59�7.37) 0.002

TRPG (1 mm Hg increment) 1.05 (1.01�1.07) 0.002 1.04 (1.00�1.07) 0.017
TAD (1 mm increment) 1.01 (0.94�1.08) 0.86 1.03 (0.95�1.12) 0.50
TAD index
(1 mm/m2 increment)

1.14 (1.03�1.26) 0.012 1.03 (0.91�1.16) 0.63

LAVI, left atrial volume index; TAD, tricuspid annular diameter; TRPG, tricuspid regurgitation pressure gradient.
*The best model was selected by backward selection with the Akaike information criterion using variables in the univariable analysis after excluding
body surface area, TAD, and TAD index due to collinearity (VIF (variance inflation factor) >10). Regarding LAVI, continuous variables were analyzed
in Model 1 and categorial variables of LAVI >79 mL/m2 or not were analyzed in Model 2 respectively.
yThe cut-off value was analyzed using the receiver operating characteristic curve analysis.

Table 3. Surgical procedures

WTR Group (n = 28) NWTR Group (n = 232) P value

Surgical procedure for the mitral valve
Mitral valve plasty, n (%) 24 (86) 218 (94) 0.10
Mitral valve replacement, n (%) 4 (14) 14 (6) 0.10
MICS, n (%) 9 (32) 102 (44) 0.23

Concomitant procedure
CABG, n (%) 7 (25) 47 (20) 0.56
Maze procedure, n (%) 7 (25) 37 (16) 0.23
Aortic valve surgery, n (%) 2 (7) 17 (7) 0.97

CABG, coronary artery bypass grafting; MICS, minimally invasive cardiac surgery; NWTR, nonworsening TR; WTR, worsening TR.
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TAD, and TAD index were not associated with postoperative
worsening of TR. The receiver operating characteristic analysis
was performed for predicting postoperative worsening of TR
after surgical operation. The area under the curve based on a
LAVI was 0.69, and LAVI >79 mL/m2 predicted prognosis with
a sensitivity of 64.3% and specificity of 72.4%.

In the multivariate analysis using continuous variables of
LAVI, age, female sex, and LAVI were significant predictors of
postoperative worsening of TR (age: HR 1.05 per 1-year incre-
ment, 95% CI 1.02�1.10, P = 0.003; female sex: HR 3.53,
95% CI 1.61�7.72, P = 0.002; LAVI: HR 1.21 per 10 mL/m2

increment, 95% CI 1.10�1.32, P < 0.001) (Table 4; model 1).
In the multivariable analysis using categorial variables of LAVI
>79 mL/m2 or not, age, female sex, and LAVI (>79 mL/m2)
were also significant predictors of postoperative worsening of
TR (age: HR 1.04 per 1-year increment, 95% CI 1.01�1.08,
P = 0.02; female sex: HR 3.26, 95% CI 1.47�7.21, P = 0.004;
LA enlargement [LAVI >79 mL/m2]: HR 3.42, 95% CI
1.59�7.37, P = 0.002) (Table 4; model 2).
6 Seminars in Th
Clinical Outcomes of LAVI and AF
The Kaplan�Meier analysis showed that a high LAVI (>79

mL/m2) was associated with significantly lower rates of free-
dom from postoperative worsening of TR and cardiac events
compared with a low LAVI of ≤79 mL/m2 (postoperative wors-
ening of TR: 82.6% vs 93.9% at 5 years, log-rank P = 0.008;
cardiac events: 68.5% vs 88.0% at 5 years, log-rank P = 0.005)
(Figure 2A and Supplementary Figure 1A, and Figure 2B and
Supplementary Figure 1B, respectively). Conversely, AF was
not associated with postoperative worsening of TR or with the
occurrence of cardiac events (Figure 3A and Supplementary
Figure 2A, and Figure 3B and Supplementary Figure 2A,
respectively).

DISCUSSION
The main findings of the present study are as follows: (1)

postoperative worsening of TR occurred in 11% of patients
with ≤mild preoperative TR without concomitant tricuspid
annuloplasty during an intermediate follow-up period of 4.1
oracic and Cardiovascular Surgery � Volume 00, Number 00



Figure 2. Clinical outcomes of LAVI. Kaplan�Meier curves of the rates of freedom from the primary and secondary endpoints (A, B)
in the 2 groups of patients with LAVI cut-off values of >79 mL/m2 or ≤79 mL/m2. LAVI, left atrial volume index; CI, confidence inter-
val. (Color version of figure is available online.)
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years; (2) age, female sex, and LA enlargement were predictors
of postoperative worsening of TR; and (3) a high LAVI (>79
mL/m2) was associated with a significantly lower rate of free-
dom from postoperative worsening of TR and cardiac events
than a low LAVI (≤79 mL/m2) (Figure 4).

Incidence of TR Worsening After Mitral Valve Surgery
in Patients with ≤Mild Preoperative TR

The incidence of significant TR after left-sided valve surgery
is 7�27% according to previous studies.4,25 However, the inci-
dence is as high as 14�43% in limited patients after mitral
valve surgery, which have demonstrated worsening of signifi-
cant TR in patients after mitral valve surgery during long-term
follow-up.4,26 In the present study, the incidence of postopera-
tive TR worsening was comparatively low (11% during the
Figure 3. Clinical outcomes of AF. Kaplan�Meier curves of the rates
the two groups of patients with or without AF. AF, atrial fibrillation;
online.)
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median follow-up period of 4.1 years) compared with previous
reports, likely because preoperative TR severity was limited to
≤mild and the follow-up period was comparatively short. In a
recent randomized controlled trial investigating the necessity
of concomitant tricuspid annuloplasty in patients with severe
MR and ≤moderate TR, the incidence of TR worsening without
tricuspid annuloplasty was 6.1% over a 2-year follow-up
period.10 Therefore, the results of the present study in the early
term after surgery are permissible.

Relationship Between Clinical Background and TR
Worsening

Previous studies have reported that age and the female sex
are associated with the occurrence of significant TR in patients
with a natural history of TR,1,2,27 as well as in patients after
of freedom from the primary and secondary endpoints (A, B) in
CI, confidence interval. (Color version of figure is available
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Figure 4. The indications for concomitant surgery for ≤mild tricuspid regurgitation (TR) in patients undergoing mitral valve surgery
have not been fully elucidated. The present study evaluated the prevalence and predictors of postoperative TR worsening in
patients with concomitant ≤mild TR undergoing mitral regurgitation surgery. Postoperative worsening of TR occurred in 11% of
patients during intermediate-term follow-up. Age, female sex, and LA volume index (LAVI) were significant predictors of the pri-
mary outcome. A high LAVI (>79 mL/m2) was significantly associated with a low rate of freedom from postoperative TR worsening.
Preoperative LA volume can be a useful surrogate marker to predict postoperative tricuspid regurgitation (TR) worsening in the
clinical setting. MR, mitral regurgitation; TR, tricuspid regurgitation; LAVI, left atrial volume index; CI, confidence interval. (Color
version of figure is available online.)
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mitral valve surgery.12,28 In particular, age is an important fac-
tor because left ventricular diastolic dysfunction and AF with
aging induce pulmonary hypertension and TA dilatation,29,30

resulting in an increase in the rate of TR worsening. In the pres-
ent study, age and the female sex were also associated with
postoperative TR worsening. Therefore, regardless of tricuspid
valve surgery, older females may be at a particularly high risk
of TR worsening.

Relationship Between LAVI and TR Worsening
In patients with significant MR, LA enlargement, especially a

LAVI of ≥60 mL/m2, is associated with a poor prognosis.31,32

The main mechanism of LA dilatation in patients with signifi-
cant MR is long-standing regurgitant flow from the left ventri-
cle into the left atrium. Thus, LA dilatation directly reflects the
severity and duration of MR. A previous report showed that
patients with significant MR and LA enlargement often present
with pulmonary hypertension due to LA dysfunction.33 There-
fore, patients with LA enlargement after MR surgery are more
likely to develop pulmonary hypertension and right ventricular
8 Seminars in Th
dysfunction and dilatation, resulting in postoperative TR wors-
ening due to tricuspid valve tethering and/or TA dilatation. No
reports have investigated the association between LA volume
and postoperative TR worsening, although LAD (>60 mm) is
related to TR worsening after mitral valve surgery.11 In general,
LA volume is a better marker than LAD; thus, the results of the
present study may contribute to establishing a new surgical
indication for concomitant tricuspid valve surgery in patients
with significant MR and mild TR.

AF was not associated with postoperative TR worsening,
although it is a well-known cause of LA dilatation. Previous
studies have shown that AF is associated with TR worsening
after mitral valve surgery,4,11,12,34 but the follow-up periods of
these studies were longer than the follow-up period in the pres-
ent study. Moreover, maze procedures are recommended for
concomitant AF,14 and the procedures are associated with
good postoperative outcomes.35 Therefore, an intermediate-
term follow-up period and the widely used maze procedures
might explain why AF was not a prognostic factor for TR wors-
ening in the present study.
oracic and Cardiovascular Surgery � Volume 00, Number 00
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Validity of TAD and TAD Index Cut-off Values as
Indications for Concomitant Surgery

The validity of a TAD of >40 mm or a TAD index of >21
mm/m2 as the cut-off value for concomitant tricuspid valve
surgery has been controversial. Previous studies17,19 have
shown negative data on the relationship between TAD and
postoperative TR worsening, and the results of the present
study show that postoperative TR worsening cannot be deter-
mined using TAD alone. The recent relevant study have
showed that preoperative TAD of 40�44 mm was not associ-
ated with late recurrent TR excluding patients with ultimately
large TAD of ≥45 mm.34 Conversely, a previous report revealed
that the TAD index (but not TAD) was an independent predic-
tor of postoperative TR worsening (≥moderate) in patients
with preoperative mild-to-moderate TR without concomitant
tricuspid annuloplasty.5,18 In the present study, the TAD index
(but not TAD) was also associated with postoperative TR wors-
ening in the univariable analysis, although it was not an associ-
ated factor after adjustment for age and the female sex. The
TAD index may be strongly affected by body surface area. The
TAD index, in which the distance (TAD) is divided by the area
(body surface area), may be overcorrected by body surface
area, especially in the Asian population and in older females
with a small body surface area. The TAD index cut-off value of
21 mm/m2 is based on data from Europe15; thus, it is doubtful
that the overcorrected value by body surface area can be used
in the Asian population because Asian people tend to be
smaller than their European and American counterparts.
Therefore, a TAD cut-off value of >40 mm or a TAD index cut-
off value of >21 mm/m2 for concomitant tricuspid valve sur-
gery in patients with ≤mild preoperative TR should be used
cautiously in clinical situations.

Study Limitations
The present study had several limitations. First, this study

was a retrospective single-center study, which may have led to
selection bias. Moreover, the sample size was small. Thus, a
randomized, multicenter, prospective study is needed to inves-
tigate whether LA volume can determine the usefulness of tri-
cuspid valve surgery in patients with MR and concomitant
≤mild TR. Second, the interval of follow-up echocardiography
was not determined, so the results may not reflect the exact
onset of TR worsening, and the incidence of TR worsening
may have been underestimated. Third, because the follow-up
period was relatively short, other parameters may be related to
TR worsening in studies with longer follow-up periods.
Fourth, the TR grade was not quantified in this study, and
qualitative assessment of TR severity based on TR color jet was
used. However, this qualitative assessment is widely used in
the clinic. Finally, TRPG could not be measured in all patients
due to the targeting of patients with ≤mild TR.

CONCLUSIONS
In this study, the incidence of postoperative TR worsening

was 11% in patients with ≤mild preoperative TR without
Seminars in Thoracic and Cardiovascular Surgery � Volume 00
concomitant tricuspid annuloplasty. LA enlargement was sig-
nificantly associated with postoperative worsening of TR.
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