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Abstract

OBJECTIVES: Concomitant tricuspid valve surgery with mitral valve surgery is recommended for patients with severe functional tricuspid
regurgitation (TR). However, the treatment for 2+ TR (mild TR) remains controversial. Here, we evaluated the long-term results of untreated
2+ TR in patients undergoing mitral valve surgery.

METHODS: We retrospectively reviewed the records of 96 patients with untreated 2+ TR among 885 patients who underwent mitral valve
surgery from 2003 to 2010. Exclusion criteria were tricuspid valve surgery (TVS), emergency surgery, primary TR and pacemaker lead
through the tricuspid valve. We assessed survival and freedom from heart failure. The freedom from 3+ (moderate) or 4+ (severe) TR was
investigated by echocardiographic data at pre- and postoperative week 1, then at 1, 3, 5, 7 and 10 postoperative years, which were com-
pared with those in patients who had 2+ TR preoperatively and underwent concomitant TVS in the same period (n = 47).

RESULTS: The mean follow-up was 7.1 ± 2.7 years. There was no 30-day mortality. The survival rate was 97.5% at 5 years and 87.5% at
10 years. The independent risk factors for mortality were age (OR 1.2, P = 0.03) and left ventricular ejection fraction (OR 0.9, P = 0.03).
Untreated 2+ TR improved transiently within the first postoperative year (P < 0.001), but progressed again in the mid- to long term. Freedom
from ≥3+ TR was 64.2% at 5 years and 46.7% at 10 years, which was significantly lower than that from ≥3+ TR in patients who underwent con-
comitant TVS (P = 0.006). The independent risk factors for TR progression (≥3 + TR) were age (OR 1.1, P = 0.005), atrial fibrillation (OR 2.2,
P = 0.04) and tricuspid annular diameter (TAD) index (mm/m2; OR 1.1, P = 0.02). Receiver operating characteristic curves showed that the
optimal TAD index cut-off value was 21.0 for long-term survival [area under the curve (AUC) = 0.72] and 21.2 for TR progression (AUC = 0.64).

CONCLUSIONS: Although untreated, 2+ TR significantly improved after mitral valve surgery, it then progressed again in the mid- to
long term. Therefore, concomitant TVS should be considered in patients with 2+ TR who have dilated tricuspid annulus or atrial fibrillation,
if feasible.
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INTRODUCTION

Functional tricuspid regurgitation (TR) is frequently present in
patients with degenerative mitral valve disease [1]. TR is mainly
caused by dilatation of the tricuspid annulus and tethering of
the tricuspid valve leaflets secondary to right ventricular dys-
function due to chronic pressure and volume overload [2, 3].
Historically, TR secondary to mitral valve disease was thought to
improve after mitral valve surgery [4, 5], which has led to a con-
servative non-surgical approach to TR. However, recent studies
have not supported this concept [6–11]. Indeed, right ventricular
dilatation causes deformity of the tricuspid annulus shape and
displacement of the papillary muscles, which contributes to re-
duction of the tricuspid valve leaflet coaptation and resulting

residual regurgitation [3, 12]. Therefore, mitral valve surgery
alone in a subset of patients cannot be expected to result in
effective TR control.
Survival is worse for patients with moderate and severe TR than

for those without TR [13]. The 2014 American Heart Association/
American College of Cardiology (AHA/ACC) guidelines for
valvular heart disease recommend tricuspid valve surgery (TVS)
for patients with severe TR undergoing left-sided valve surgery
(Class 1), and suggest that TVS can be beneficial for patients with
mild, moderate or greater TR with either tricuspid annular dilata-
tion or prior evidence of right heart failure (Class 2a) [14].
However, there are a few studies showing the long-term outcomes
and prognosis of TR in patients with mild TR (2+ TR). General
agreement regarding appropriate patient selection and optimal
index of surgical treatment is clinically important. Thus, the aim of
the present study was to evaluate the long-term results of untreat-
ed 2+ TR patients undergoing mitral valve surgery.
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MATERIALS ANDMETHODS

Patients

This retrospective study was approved by the Institutional Review
Board of the National Cerebral and Cardiovascular Centre of Osaka,
Japan, and individual patient consent was waived. From 2003 to
2010, 885 patients underwent mitral valve surgery for mitral stenosis
or regurgitation. Of these, 76 patients had primary TR (infectious
endocarditis 58, Marfan syndrome 4, tumour 1, congenital heart
disease 8 and rheumatic disease 5), 30 had emergency surgery and
42 had pacemaker leads through the tricuspid annulus pre- or post-
operatively. Of the remaining 737 patients, 96 2+ TR patients without
concomitant TVS were included for analysis. As a reference, 47
patients with 2+ TR with TVS were also included for analysis (Fig. 1).

Table 1 summarizes the perioperative characteristics of
included 96 2+ TR patients without TVS (TVS− group) and 47 2+
TR patients with concomitant TVS (TVS+ group). The mean age
was 64.4 ± 10.2 years in the TVS− group and 64.3 ± 7.7 in the TVS+
group, respectively, and 51 and 36% were male, respectively.
There were significant differences between the two groups in
body surface area (BSA; 1.55 ± 0.1 vs 1.49 ± 0.2 m2, P = 0.03), mean
disease duration, which indicates the period from diagnosis to
surgery (24 vs 162 months, P < 0.001), preoperative New York
Heart Association (NYHA) class (P = 0.001), preoperative atrial fib-
rillation (55 vs 83%, P = 0.001) and rheumatic mitral aetiology (28
vs 62%, P < 0.001).

In mitral valve disease aetiology, mitral regurgitation was 71% in
the TVS− group and 38% in the TVS+ group, and mitral stenosis
29% in the TVS− group and 62% in the TVS+ group (P < 0.001).

Echocardiography/catheter examination

All patients underwent M-mode two-dimensional and Doppler
transthoracic echocardiography for the measurement of pre-
operative cardiac dimensions, transvalvular pressure gradients and
valve regurgitation severity [15, 16]. The tricuspid annular diameter
(TAD) was measured as the point of attachment of the septal and
posterior leaflets to the atrioventricular junction in the transthor-
acic apical four-chamber view in late diastole at the time of
maximal tricuspid opening [17, 18]. We measured the TAD index,
which is the TAD indexed to the individual’s BSA (mm/m2). TR se-
verity was quantified as none (0+), trivial (1+), mild (2+), moderate
(3+) and severe (4+) [15, 16]. Clinical follow-up data were collected
through routine perioperative surveys, including transthoracic
echocardiography performed within 1 week before and after the
operation and at postoperative 1-, 3-, 5-, 7- and 10-year follow-
up. Cardiac catheter evaluation was also performed preoperative-
ly. All other data were collected from medical records, and all
patients completed the course of follow-up examinations.
On preoperative echocardiographic examination, the mean left

ventricular end-diastolic diameter was 57 ± 8 mm in the TVS−
group and 53 ± 8 in the TVS+ group (P = 0.01), and the left atrial
diameter was 54 ± 11 and 58 ± 11 mm, respectively. There was no
difference in the mean TAD and TAD index (P = 0.5; Table 1).

Surgical procedures

A full median sternotomy was performed in all patients.
Cardiopulmonary bypass was established between the ascending

Figure 1: Study algorithm. MVS: mitral valve surgery; TR: tricuspid regurgitation; TVS+: with concomitant tricuspid valve surgery; TVS−: without concomitant tricuspid
valve surgery; PMI: pre- or postoperative implantation of pacemaker through the tricuspid annulus.
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aorta and both venae cavae. Temperature was normally decreased
to 32–34°C. Tepid blood cardioplegia was administered in an ante-
grade and/or retrograde fashion every 20–30 min. In patients with
atrial fibrillation, a modified Cox maze procedure was performed using
a cryoablator prior to mitral valve surgery, if indicated [19]. Mitral valve
surgery was performed through a right-sided left atriotomy under
cardioplegic arrest. Mitral valve replacement or mitral valve repair
was performed according to the aetiology and dysfunction.

Mitral valve replacement was performed in 47% of TVS− patients
and 66% in TVS+ (P = 0.03), whereas mitral valve repair was
performed in 53 and 34%, respectively (P = 0.03). Concomitant

procedures included coronary artery bypass grafting in 15% of
TVS− and 6% of TVS+ patients (P = 0.2), aortic valve replacement in
18 and 11% (P = 0.3) and a modified Cox maze procedure in 45 and
43% (P = 0.9), respectively. The mean cardiopulmonary bypass time
was 162 ± 59 min in TVS− and 148 ± 38 in TVS+ (P = 0.1), and the
mean aorta cross-clamp time was 114 ± 40 min, 109 ± 34 (P = 0.5),
respectively (Table 1).
TVS was performed according to the surgeons’ decision. But it

was performed in patients who had had severer TR in the past or
would likely develop severe TR, with respect to the duration of
disease or rheumatic aetiology. TVS was performed by annuloplasty
with the De Vega method or ring annuloplasty using prosthesis.

End-points

The primary end-point was 5-year and 10-year survival. The sec-
ondary end-points were freedom from heart failure (defined as
NYHA class 3 or 4) and freedom from 3+ or 4+ TR.

Statistical methods

Statistical analysis was performed, using the non-parametric Mann–
Whitney U-test for continuous variables and ordinal variables
(independent samples), the Wilcoxon signed-rank test for ordinal
variables (paired samples) and Fisher’s exact test for categorical vari-
ables. Results are described as mean ± standard deviation for con-
tinuous variables, and as counts and percentages for categorical
variables. A multivariate analysis with Cox proportional hazards
modelling, using univariate predictors with a P-value of ≤0.1 as the
entry criterion was performed to determine the risks for late mor-
tality, heart failure and postoperative TR progression (≥3+). Time-
to-event data (survival, freedom from heart failure and 3+ or 4+ TR)
were analysed using the Kaplan–Meier method. The curve was dis-
continued, when the patients at risks were less than 10. The receiver
operating characteristic (ROC) curve was presented to determine an
appropriate cut-off value of the TAD index as a predictor of late
mortality and postoperative TR progression. We determined the
optimal cut-off value point by Youden index, which is equivalent
to maximizing the sum of sensitivity and specificity. P-values of
<0.05 were considered statistically significant. All statistical analyses
were performed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, version 3.2.2) [20].

RESULTS

Survival and freedom from heart failure

Follow-up was complete for all included patients, and the mean
follow-up period was 7.1 ± 2.7 years. There were no deaths within
postoperative 30 days. The survival rate was 97.5% at 5 years and
87.5% at 10 years (Fig. 2A). Univariate analysis revealed that long-
term survival was associated with age (P = 0.002), preoperative
NYHA class (P = 0.02), left ventricular ejection fraction (LVEF;
P = 0.09) and TAD index (P = 0.1). Multivariate analysis revealed
that the independent risk factors for long-term survival were age
[OR 1.2, 95% confidence interval (CI) 1.0–1.4, P = 0.03] and LVEF
(OR 0.9, 95% CI 0.9–1.0, P = 0.03; Table 2).
The rate of freedom from heart failure (NYHA class ≥3) was

96.7% at 10 years (Fig. 2B). Univariate analysis revealed that

Table 1: Perioperative characteristics

Variables [mean(±SD) or n (%)] Group P-value

TVS−
(N = 96)

TVS+
(N = 47)

Preoperative
Male sex 49 (51) 17 (36) 0.1
Age (years) 64.4 (10.2) 64.3 (7.7) 1.0
BSA (m2) 1.55 (0.1) 1.49 (0.2) 0.03
Disease duration (m) 24 (30) 162 (151) <0.001
BNP (pg/ml) 406 (743) 217 (213) 0.1
Reoperation 17 (18) 10 (21) 0.7
NYHA class

2 56 (58) 17 (36) 0.001
3 30 (31) 29 (62)
4 10 (11) 1 (2)

CAD 15 (16) 3 (6) 0.2
AF 53 (55) 39 (83) 0.001
Rheumatic aetiology 27 (28) 29 (62) <0.001
MR 68 (71) 18 (38) <0.001
MS 28 (29) 29 (62) <0.001
AR 13 (14) 3 (6) 0.3
AS 9 (9) 3 (6) 0.8
LVEDD (mm) 57 (8) 53 (8) 0.01
LAD (mm) 54 (11) 58 (11) 0.05
LVEDVI (ml/m2) 111 (43) 99 (29) 0.1
LVEF (%) 52 (10) 53 (11) 0.6
C.I. (l/min/m2) 2.6 (0.7) 2.4 (0.8) 0.3
Systolic PAP (mmHg) 36 (12) 34 (10) 0.3
TAD (mm) 31 (4) 32 (4) 0.5
TAD index (mm/m2) 20 (3) 21 (3) 0.06

Operative
MV replacement 45 (47) 31 (66) 0.03
MV repair 51 (53) 16 (34) 0.03
Concomitant procedure

CABG 14 (15) 3 (6) 0.2
AVR 17 (18) 5 (11) 0.3
Maze 43 (45) 20 (43) 0.9

CPB (min) 162 (59) 148 (38) 0.1
AXC (min) 114 (40) 109 (34) 0.5

TVS−: without concomitant tricuspid valve surgery; TVS+: with
concomitant tricuspid valve surgery; SD: standard deviation; BSA: body
surface area; BNP: brain natriuretic peptide; NYHA: New York Heart
Association; CAD: coronary artery disease; AF: atrial fibrillation; MR:
mitral regurgitation; MS: mitral stenosis; AR: aortic regurgitation; AS:
aortic stenosis; LVEDD: left ventricular end-diastolic diameter; LAD: left
atrial diameter; LVEDVI: left ventricular end-diastolic volume index;
LVEF: left ventricular ejection fraction; C.I.: cardiac index; PAP:
pulmonary artery pressure; TAD: tricuspid annulus diameter; TAD
index: TAD/BSA; MV: mitral valve; CABG: coronary artery bypass
grafting; AVR: aortic valve replacement; Maze: modified Cox maze
procedure; CPB: cardiopulmonary bypass time; AXC: aortic
cross-clamping time.
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freedom from heart failure was associated with age (P = 0.1), pre-
operative NYHA class (P = 0.07) and LVEF (P = 0.03). Multivariate
analysis revealed that LVEF was an independent risk factor for
heart failure (OR 0.9, 95% CI 0.8–0.9, P = 0.04, Table 2).

Postoperative tricuspid regurgitation progression

Figure 3A shows the proportion of TR grade at different points
relative to operation. Untreated 2+ TR significantly improved tem-
porarily postoperatively. The mean postoperative TR grade at 1

week and 1 year postoperative TR grade were 1.6 ± 0.7 and
1.7 ± 0.9, respectively (compared with preoperative grade,
P < 0.001 for both). TR grade then progressed again in the mid- to
long term (Fig. 3B). Freedom from 3+ or 4+ TR was 64.2% at 5
years and 46.7% at 10 years (Fig. 4) This was significantly lower
than that from ≥3+ TR in patients who underwent concomitant
TVS (100% at 5 years, P = 0.006). Univariate analysis revealed that
postoperative TR progression (≥3+) was significantly associated
with age, preoperative atrial fibrillation and preoperative TAD
index (all P < 0.05). Multivariate analysis revealed that the inde-
pendent risk factors for postoperative TR progression (≥3+) were
age (OR 1.1, 95% CI 1.0–1.1, P = 0.005), atrial fibrillation (OR 2.2,
95% CI 1.0–4.5, P = 0.04) and preoperative TAD index (OR 1.1, 95%
CI 1.0–1.2, P = 0.02, Table 3).

Cut-off value of tricuspid annular diameter index

TAD index was an independent risk factor for postoperative TR
progression. Hence, the ROC curve was expressed to determine
an appropriate cut-off value of the TAD index as a predictor of late
mortality and postoperative TR progression. The ROC curves
showed an optimal TAD index cut-off value of 21.0 for late mortal-
ity and 21.2 for TR progression. The sensitivities for late mortality
and TR progression were 83 and 46%, respectively, and the specifi-
cities were 64 and 69%, respectively. The areas under the ROC
curves were 0.72 (95% CI 0.48–0.97) for late mortality and 0.64
(95% CI 0.53–0.76) for TR progression (Fig. 5A and B).

DISCUSSION

This study showed that untreated 2+ TR temporarily improved
after mitral valve surgery, but then progressed again in the mid- to
long term. While the freedom from 3+ or 4+ TR was 64.2% at 5
years, it was only 46.7% at the 10-year follow-up. Our early recov-
ery findings support previous reports that TR secondary to mitral
valve disease may improve after mitral valve surgery [4, 5, 21].
However, our data suggest that this effect is reversible in the
mid- to long-term period [7, 22]. On the other hand, there were
no patients who developed ≥3+ TR postoperatively, when

Figure 2: (A) Actuarial survival rate, analysed using the Kaplan–Meier method. (B) Actuarial freedom from heart failure (HF; NYHA class ≥3).

Table 2: Risk factors for long-term survival and heart
failure

Variables Univariate Multivariate 95% CI P-value
P-value Odds ratio

Risk factors for long-term survival
Age (years) 0.002 1.2 1.0–1.4 0.03
NYHA class 0.02 2.4 0.6–8.3 0.2
Male sex 0.4
Mitral stenosis 0.4
Atrial fibrillation 0.7
Disease duration (m) 0.6
LVEDD (ml) 0.4
LAD (mm) 0.2
LVEF (%) 0.09 0.9 0.9–1.0 0.03
TAD index (mm/m2) 0.1 1.0 0.8–1.3 0.9

Risk factors for heart failure
Age (years) 0.1 1.1 0.9–1.3 0.3
NYHA class 0.07 3.5 0.6–19.4 0.2
Male sex 0.6
Atrial fibrillation 0.5
Disease duration (m) 0.6
LVEDD (ml) 0.4
LAD (mm) 0.6
LVEF (%) 0.03 0.9 0.8–0.9 0.04

CI: confidence interval; TR: tricuspid regurgitation; NYHA: New York
Heart Association; LVEDD: left ventricular end-diastolic diameter;
LAD: left atrial diameter; LVEF: left ventricular ejection fraction;
TAD: tricuspid annulus diameter; TAD index: TAD/body surface area.
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concomitant TVS was performed. The freedom from ≥3+ TR in
the TVS+ group was also significantly better even among the
patients who had longer disease duration and more rheumatic
aetiology. Therefore, concomitant TVS is recommended, if ap-
plicable, because the durability of tricuspid valve surgery seems
warranted.

Although the decrease in pulmonary artery pressure after mitral
valve surgery reduces the afterload for the tricuspid valve and
improves untreated TR just after mitral valve surgery, remodelling
of the right ventricle and tricuspid valve is likely to cause TR pro-
gression [10]. As right ventricular remodelling leads to tricuspid
annulus dilatation and the tethering of the tricuspid valve leaflets,

these structural changes can cause TR progression in the mid- to
long term after mitral valve surgery [3]. Previous studies found that
right ventricular dilatation and dysfunction, tricuspid annular dila-
tation (>40 mm or >21 mm/m2), preoperative moderate or
greater TR and atrial fibrillation [6, 8–11, 18] increased the likeli-
hood of TR progression. We presented that the three factors (age,
atrial fibrillation and TAD index) were associated with TR progres-
sion. These phenomena are associated with right ventricular re-
modelling. Remodelling of the right ventricle and tricuspid valve
due to chronic pressure and volume overload may be a key factor
in postoperative TR progression.
As our data showed that age is an independent risk factor for TR

progression, tricuspid valve repair for older patients should be
considered, especially if they are receiving concomitant cardiac
surgery. Tricuspid valve repair concomitant with mitral valve
surgery may provide the prognostic benefits and extend the
patients’ life expectancy. Risk scores such as the EuroSCORE or STS
score and frailty may be useful for deciding whether to indicate
tricuspid valve repair.

Figure 3: (A) The proportion of tricuspid regurgitation (TR) grade at different points relative to operation. (B) Mean tricuspid regurgitation (TR) grade at different
points relative to operation. Follow-up echocardiography examinations were performed at 1 week, and 1, 3, 5, 7 and 10 years postoperative. Pre: preoperative.
*P < 0.001 compared with the preoperative grade.

Figure 4: Comparison of actuarial rate of freedom from postoperative tricuspid
regurgitation (TR) progression (≥3) between the two groups. TVS− group:
without concomitant tricuspid valve surgery, solid line; TVS+ group: with con-
comitant tricuspid valve surgery, dashed line.

Table 3: Risk factors for TR progression (≥3+)

Variables Univariate Multivariate 95% CI P-value
P-value Odds ratio

Age (years) 0.002 1.1 1.0–1.1 0.005
NYHA class 0.9
Atrial fibrillation 0.02 2.2 1.0–4.5 0.04
Rheumatic aetiology 0.2
Disease duration (m) 0.5
TAD index (mm/m2) 0.004 1.1 1.0–1.2 0.02
LVEDD (ml) 0.09 1.0 0.9–1.0 0.2
LAD (mm) 0.8

CI: confidence interval; TR: tricuspid regurgitation; NYHA: New York
Heart Association; LVEDD: left ventricular end-diastolic diameter;
LAD: left atrial diameter; TAD: tricuspid annulus diameter; TAD index:
TAD/body surface area.
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Although there were a few studies regarding 2+ TR prognosis, we
presented that more than half of untreated 2+ TR can progress to 3+
or 4+ TR in the long term. Therefore, even in patients with 2+ TR, tri-
cuspid valve repair should be considered when patients have dilated
tricuspid annulus or atrial fibrillation, or are elderly, if feasible.

The 2014 AHA/ACC guidelines suggest that risk factors for pro-
gression of TR include tricuspid annulus dilatation (>21 mm/m2

diameter indexed to BSA), and that tricuspid valve repair is recom-
mended with dilatation of this size [14]. Although the statistical
power was not strong, ROC data also suggested that the optimal
TAD index cut-off value for late mortality was 21.0, whereas the
optimal TAD index cut-off value for TR progression (≥3) was 21.2.

While there are no established indices in right ventricular re-
modelling or dysfunction, our data suggest that the TAD index
may be a simple and effective indicator, in addition to the mode
of tricuspid leaflet coaptation and tricuspid leaflet tethering [23].
Thus, the TAD index can be used to consider surgical indication
for the tricuspid valve.

Tricuspid valve repair using a prosthesis results in better out-
comes than suture repair, and a three-dimensional prosthetic ring
has provided excellent survival and freedom from recurrence
[10, 18, 24, 25]. Our previous study showed that tricuspid valve
repair using the MC3 annuloplasty ring (Edwards Lifesciences,
Irvine, CA, USA) for moderate to severe TR provided 75% freedom
frommoderate or greater TR 5 years postoperative, with low surgi-
cal mortality [24]. Combined with these results, aggressive tricus-
pid valve repair using a prosthetic ring is reasonable although the
surgical approach for right ventricular remodelling besides annu-
loplasty has not been established.

In conclusion, untreated 2+ TR improved temporarily after
mitral valve surgery, but then progressed in the mid- to long term.
Therefore, concomitant TVS should be considered in patients with
2+ TR if they have dilated tricuspid annulus or atrial fibrillation, or
are elderly, if feasible.

Limitations

This study was a retrospective analysis, and therefore unknown
confounders may have influenced outcomes beyond those con-
trolled in the multivariate analysis. No information was provided
regarding preoperative right atrial dimensions or degree of leaflet
tethering. An important limitation is the relatively small sample

size. Future randomized controlled studies are required to deter-
mine whether tricuspid valve repair is useful to prevent post-
operative TR progression due to right ventricular remodelling.
However, our data showed a relatively long-term outcome for the
patients who did not undergo tricuspid valve repair for 2+ TR.
Although the ESC/EACTS 2012 guidelines recommend tricuspid
annuloplasty in patients with only 1+ TR in the presence of tricus-
pid annulus dilatation, we did not include patients with 0+ or 1+
TR, regardless of the size of the tricuspid annulus. Further studies
including 0+ or 1+ TR with dilated tricuspid annulus are required.

Conflict of interest: none declared.
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Dr M. De Bonis (Milan, Italy): The first consideration I would like to do is a sugges-
tion. I would like to suggest that you limit your analysis, in terms of Kaplan-Meier
curves for survival and freedom from events to five years rather than ten years,
because the number of patients at risk you do have at ten years is very small. So
really, you cannot draw any conclusion at such long-term follow-up.

Having said that, I would say that a major limitation of the study is the fact
that most of the patients, preoperatively had 2+ tricuspid regurgitation and very
few of them, seventeen patients indeed, had 3+ tricuspid regurgitation. Now,
the problem with this small sample size is, that when you do the comparative
analysis between the two groups, actually you have many doubts in terms of its
statistical significance because of the very small number of patients in the tri-
cuspid regurgitation subgroup. Moreover, those seventeen patients were very

different from the 3+ tricuspid regurgitation, because they had a longer dur-
ation of the disease, they had more advanced pathology. So my suggestion
would be possibly to remove those seventeen patients and just focus all the
analysis on the 2+ moderate tricuspid regurgitation and I would like to have
your comment on that.
Then the other point is, that half of your patients did have rheumatic mitral

valve disease. This was not really addressed in your analysis. Of course, you
might have had a significant progression of tricuspid regurgitation mainly
because of the aetiology of tricuspid regurgitation, which was rheumatic in
most of them. So why you did not include the aetiology among the predictors
of progression of tricuspid regurgitation, and if you did that afterwards, did you
find any correlation?
Dr Kusajima: We indicated tricuspid regurgitation due to rheumatic disease

as primary tricuspid regurgitation, therefore, those patients were excluded from
this study. However, rheumatic heart disease is sometimes associated with
advanced tricuspid regurgitation; in fact, 27% of our cohort was rheumatic
disease. As you implied, it is sometimes difficult to distinguish between primary
tricuspid regurgitation and secondary tricuspid regurgitation with rheumatic
mitral valve disease. Maybe by eliminating primary rheumatic tricuspid regurgi-
tation there was no significant difference between the two groups.
Dr M. Salehi (Tehran, Iran): Is there any difference between the method of

repair according to the severity of tricuspid regurgitation?
Dr Kusajima: Pardon?
Dr Salehi: Is there any difference between the method of the repair accord-

ing to the severity of tricuspid regurgitation? Is there any difference between
the method that you do for severe tricuspid regurgitation or mild tricuspid
regurgitation?
Dr O. Alfieri (Milan, Italy): It is not related directly to this paper, but he asked

whether you do a different type of repair according to the severity of tricuspid
regurgitation.
Dr T. Fujita (Osaka, Japan): This is a good point. This cohort of patients didn’t

have tricuspid repair. In our institute, though, we historically did a De Vega
repair and then changed to a ring repair for tricuspid regurgitation despite the
severity of tricuspid regurgitation. Also to answer the first question for Dr De
Bonis, why did we include moderate tricuspid regurgitation patients? Of
course, the patients who had moderate tricuspid regurgitation were the sicker
patients due to bad left ventricle function and the long disease duration.
Therefore the survival curve was different in the two groups.
But the progression of the tricuspid regurgitation is quite similar in the two

groups, even with mild tricuspid regurgitation patients deteriorated in the long
term, meaning that this is important in comparing these two groups.
Dr Alfieri: Would you change the recommendation of the guidelines on the

basis of your study suggesting a repair even if with mild tricuspid regurgitation
and dilated annulus?
Dr Fujita: You are quite right, because this is long-term follow-up, so starting

2003. In this time the guidelines changed. So we started aggressively to treat
moderate tricuspid regurgitation during that period. Regarding the concept of
dilated annulus, more than 21 mm/m2 and these data were corrected from
relatively large body surface area patients. In our data in which cohort the
average body surface area was only 15.5, the cut-off point of TAD index for
better long-term survival was 20.8 mm/m2. Even with a small patient, the TAD
index works for leading to this result, which means this study was important,
I think.
Dr R. Sharony (Tel Aviv, Israel): In our centre, we are very liberal intervening

on tricuspid incompetence while performing left heart valve surgery.
According to the current guidelines it is recommended to perform annulo-
plasty, if the annulus diameter is more than 40 mm. However, in our centre,
even in the presence of mild to moderate functional tricuspid regurgitation,
while the annulus size is measured between 35 and 40 mm by echocardiog-
raphy, we generally use to perform annuloplasty. This ‘aggressive’ approach is
mainly applied for patients with rheumatic aetiology of mitral valve disease.
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