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Abstract
Background: The efficacies of tricuspid valve repair, risk factors for treatment failure and postoperative quality of
life have not been thoroughly evaluated in patients with tricuspid insufficiency associated with rheumatic heart
disease (RHD). We therefore reviewed our experience with ring and non-ring tricuspid annuloplasty for the treatment
of functional tricuspid insufficiency (TI) in RHD.
Methods: This retrospective, follow-up study involved 74 RHD patients who underwent either non-ring annuloplasty
(De Vega procedure; 34 patients, 45.95 %) or ring annuloplasty (40 patients, 54.05 %) along with concurrent mitral
or/and aortic valve replacement. Operation time, cardiopulmonary bypass time, aortic clamping time, intensive care
unit stay and extubation time were recorded. Echocardiographic findings and Short Form (SF)-36 scores were
compared between the two groups.
Results: In hospital mortality and complications were similar in the two study groups (P = 0.6755). At 1 week,
1 month, 6 months, 1 year, 2 years and even longer after the operation, the Kaplan–Meier curve of freedom
from mild and above recurrent TI showed significantly better efficacy in the ring annuloplasty group than the
De Vega procedure group (log rank P = 0.0377). Risk factors for recurrent TI included high pulmonary artery
systolic pressure (PASP) and non-ring annuloplasty (PASP: hazard ratio = 1.52; non-ring: hazard ratio = 1.42). The
mental component summary score at 1 year after the operation did not significantly differ between the two
groups (P = 0.6446), but the physical component summary score was significantly better in the ring annuloplasty
group (P = 0.0037).
Conclusion: Compared with non-ring annuloplasty, ring annuloplasty was associated with improved survival,
decreased TI recurrence and higher quality of life in RHD patients undergoing tricuspid valve repair combined
with mitral and/or aortic valve replacement.
Keywords: Rheumatic heart disease, Tricuspid insufficiency, Tricuspid annuloplasty, Prosthetic ring, Quality of life

Background
Despite the recent dramatic decline in rheumatic fever
in developed countries, rheumatic heart disease (RHD)
is still associated with significant morbidity and mortality in developing countries which accounts for more
than 200,000 deaths annually [1]. Without treatment,
the tricuspid valve insufficiency in RHD patients may
worsen over time, leading to severe symptoms, advanced
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congestive heart failure and even death [2]. Tricuspid
insufficiency (TI) secondary to left heart lesions such as
chronic mitral or/and aortic valve disease, which causes
pulmonary hypertension, right ventricular volume overload, is mostly functional in nature and was associated
with annular dilation/remodeling. Therefore, correction
of the left heart lesion and strengthening of the tricuspid
annulus in this situation removes the impetus for progressive insufficiency [3].
Tricuspid valve repair is beneficial for treating severe TI
in patients requiring mitral valve surgery, according to the
2006 guidelines of the American College of Cardiology/
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American Heart Association for the management of
patients with valvular heart disease [4]. Recently, bicuspidization has since been superseded by other techniques
that aim to remodel the annulus by maintaining a trileaflet valve with a more physiological and stable annulus
[5]. “Non-ring” annuloplasties (such as the De Vega and
Peri-Guard procedures) have the advantages of simplicity
and low cost; however, some longitudinal studies have
showed a higher risk of recurrent TI after the De Vega
techniques than after ring annuloplasty [6]. Novel techniques of tricuspid valve repair include the use of flexible
and rigid prosthetic rings or three-dimensional rings, and
flexible prosthetic bands [7]. According to Tang et al., the
advantages of rigid or flexible prosthetic rings may be
related to the prevention of annular dilation, right ventricular volume overload and right ventricular failure [8].
Although studies on the repair of functional TI have
shown potential advantages of ring annuloplasty [9], the
efficacy of these techniques in rheumatic TI, the risk
factors for treatment failure and the resultant quality of
life have not yet been thoroughly evaluated.
The purpose of this study was therefore to review our
experience with patients who had undergone different
tricuspid valve repair procedures (De Vega procedure or
ring annuloplasty) for the treatment of TI.

Methods
Patients

From March 2009 to September 2012, a total of 74
patients diagnosed with valve disease of rheumatic etiology, significant heart failure (New York Heart Association [NYHA] class, II–IV) and marked TI underwent
tricuspid annuloplasty, which was performed by the same
surgeon, in our institution. There were 11 male patients
and 63 female patients, whose ages ranged from 33 to
66 years (mean, 48.4 years). All patients underwent preoperative echocardiography during the 3 months preceding the surgery. The De Vega procedure was performed in
34 (45.95 %) patients, and Cosgrove-Edwards flexible
bands (Edwards Lifesciences, Irvine, California, United
States) were used in 40 (54.05 %) patients. All the TIs were
functional, so patients with tricuspid stenosis, leaflet
calcification or severe leaflet thickening were excluded
from our analysis. Preoperative, operative and postoperative data were collected into a professional database.
All patients provided informed consent for inclusion in
the study. The study protocol was approved by the ethics
committee of our hospital.
Prior to the surgery, echocardiographic assessments
were performed to grade the severity of TI according
to color Doppler flow criteria [8], evaluate ventricular
function and estimate pulmonary artery systolic pressure (PASP) on continuous Doppler scanning [10].
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Operative techniques

All tricuspid valve surgery was performed after concomitant cardiac procedures, including aortic and/or mitral
valve surgery with median sternotomy and moderately
hypothermic cardiopulmonary bypass (CPB). Tricuspid
valve repair was performed under cardiac arrest. In the
case of the De Vega technique, a 2–0 pledget-supported
Ethibond mattress suture (Ethibond Excel 2–0 sutures,
Johnson & Johnson Intl., USA) was placed at the junction
of the annulus and right ventricular free wall, running
from the anteroseptal commissure to the posteroseptal
commissure [11]. This operation was performed in our
hospital until June 2010. Since June 2010, we switched to
ring annuloplasty, which employs multiple interrupted,
pledgeted 2–0 Ethibond sutures placed at the atrioannular
junction. After the flexible band was placed, the sutures
were tied [12]. All prosthetic valves (left-sided valve replacement) were St. Jude Medical (SJM) mechanical prosthesis (St. Jude Medical, St. Paul. Mn, USA).
Follow-up

All surviving patients were followed up at 1 week,
1 month, 1 year, 2 years and even longer after the surgery. All follow-up data were collected on a data collection sheet and entered into a professional database
between March 2009 and March 2014. Postoperative
echocardiogram reports were available for all patients
(1 week, 1 month, 6 months, 1 year and 2 years after the
operation). The mean follow-up was 2.83 years (range,
2–4 years). Follow up of 94.6 % was achieved. Follow-up
was performed via telephone interviews and the collection of echocardiographic data.
The primary clinical end points of this study were defined as the all-cause mortality rate and operative-related
or cardiac-related severe morbidity rates. The secondary
clinical end point was recurrent TI on postoperative echocardiographic examination.
Quality of life

The Short Form (SF)-36 Health Survey is one of the
most extensive, standardized, self-administered, generic
questionnaires produced within the framework of the
International Quality of Life Assessment [13, 14]. The
responses to each question on the survey were summed
and transformed to give eight scores between 0 and 100,
with higher scores indicating a better state. We collected
the SF-36 questionnaires (in Chinese) before and at 1 year
after the surgery [15].
Statistical analysis

Categorical variables (Fisher exact test) were expressed
as percentages, and continuous variables (Student t-test)
were expressed as mean ± standard deviation. The Wilcoxon rank sum test was used for variables with non-
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parametric distribution. The rates of TI recurrence (including mild, moderate and severe degree TI) were compared using the Kaplan–Meier curve and log-rank test.
Significance was assumed for P < 0.05. We performed
mixed-model repeated-measures analysis and longitudinal
ordinal logistic regression for each tricuspid annuloplasty
technique. To determine the risk factors for postoperative
TI recurrence, we performed multivariate Cox regression.
All statistical analyses were performed using the Statistical Package for Social Sciences, version 17.0 (SPSS Inc.,
Chicago, IL, USA).
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Table 1 Characteristics of the patients
Characteristic

Age (yr ± SD)
Male
Preoperative NYHA
ClassIII-IV

None (n)
Mild (n)

The 30-day mortality rate was 2.9 % (one patient) in the
non-ring annuloplasty (De Vega procedure) group; the
cause of death was sudden cardiac arrest. In addition,
there were three late deaths: one cardiac failure and two
severe bleeding associated with warfarin. In the ring
annuloplasty group, one patient (2.5 %) died of cardiac
rupture within 30 days after the surgery, and there was
one late death that was caused by warfarin overdose.
The Kaplan–Meier survival rates were 88.2 % at 2 years
in the De Vega procedure group and 95.0 % in the ring
annuloplasty group (Fig. 1a, log rank P = 0.6755). In two
patients, severe postoperative complications occurred:
reoperation due to surgical bleeding (one patient, ring
annuloplasty group) and atrioventricular dissociation
requiring pacemaker implantation (one patient, ring
annuloplasty group). The rate of severe postoperative
complications was slightly, but not significantly, greater
in the ring annuloplasty group (5.8 %) than in the De
Vega procedure group (0 %; P = 0.208).

4 10.0 %

0.326

33

97.1 %

38 95.0 %

0.945

0

0.0 %

0 0.0 %

0.131

23.5 %

14 35.0 %

52.9 %

23 57.5 %

Severe (n)

8

23.5 %

3 7.5 %

Preoperative TS

0

0

0

0

Preoperative mitral
valve disease
None (n)
Stenosis (n)
Insufficiency (n)
Stenosis and insufficiency (n)

Mortality, reoperations and complications

0.241

20.6 %

8

Baseline characteristics

The mean aortic clamping time in all patients was 88.0 ±
25.9 min. It was slightly, but not significantly, shorter
in the ring annuloplasty group (86.9 ± 25.3 min) than in
the De Vega procedure group (89.3 ± 26.8 min; P = 0.897).
The mean CPB time was 125.7 ± 31.2 min in the ring
annuloplasty group and 125.3 ± 31.0 min in De Vega
procedure group (P = 0.701). In addition, the duration of
intensive care unit stay and extubation time did not
significantly differ between the two study groups (ICU
stay P = 0.471, extubation time P = 0.610).

49.5 ± 8.7

7

18

Moderate (n)

CPB, aortic clamping time and intensive care unit stay

47.2 ± 7.3

Preoperative TI grade

Results
The preoperative and surgical characteristics of the patients are shown in Table 1. The two groups were well
matched and similar with regard to all pretreatment
characteristics. Furthermore, no significant difference was
found between the groups in terms of age, NYHA class,
left atrial size, left ventricular ejection fraction, PASP, and
occurrence rate of TI.

Annuloplasty
Annuloplasty P value
without ring
with ring
(De Vega procedure) (n = 40)
(n = 34)

0

0.0 %

0 0.0 %

21

61.7 %

24 60.0 %

2

5.8 %

4 10.0 %

11

32.4 %

12 30.0 %

17

50.0 %

21 52.5 %

0.808

Preoperative aortic valve
disease
None (n)
Stenosis (n)

1

2.9 %

1 2.5 %

Insufficiency (n)

7

20.6 %

9 22.5 %

Stenosis and insufficiency (n)

9

26.5 %

9 22.5 %

0.98

Preoperative
LVEF

55.9 ± 9.1

58.1 ± 7.1

0.253

RVD

22.9 ± 5.1

21.9 ± 3.4

0.29

LVD

49.6 ± 6.66

47.9 ± 8.8

0.351

PASP

51.5 ± 16.6

49.9 ± 14.2

0.668

61.9 ± 10.0

61.0 ± 8.8

0.733

1 year Postoperative
LVEF
RVD

20.7 ± 2.9

20.0 ± 2.2

0.277

LVD

44.5 ± 5.6

45.6 ± 4.1

0.37

PASP

36.5 ± 7.4

36.0 ± 8.3

0.903

32 80.0 %

0.132

Concomitant procedures
MVR (n)

22

64.7 %

AVR (n)

0

0

12

35.3 %

MVR + AVR (n)

0

0

8 20.0 %

AVR aortic valve replacement, LVEF left ventricular ejection fraction, LVD left
ventricular diameter, RVD right ventricular diameter, MVR mitral valve
replacement, NYHA New York Heart Association, PASP pulmonary arterial
systolic pressure, SD standard deviation, TI tricuspid valve insuffiency,
TS tricuspid valve stenosis

Evaluation of tricuspid annuloplasty

To determine the overall efficacy of the two annuloplasty techniques, we determined the TI grade at the last
follow-up and assessed freedom from recurrence of
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But the moderate-to-severe TI recurrence was comparable among each group (2.9 % in the De Vega procedure
group, 2.5 % in the ring annuloplasty group; P = 0.907),
Meanwhile, decreased PASP and anteroposterior diameters of the right atrium and right ventricle were observed
in both groups, but not significant (P > 0.05). At 1 month
after the operation, TI recurrence (including Mild degree
above) was also significantly higher in the De Vega procedure group (46.4 %) than in the ring annuloplasty
group (23.5 %; P = 0.030). Meanwhile the moderate-tosevere TI recurrence was just equal to the data at 1 week
after the operation (2.9 % in the De Vega procedure
group, 2.5 % in the ring annuloplasty group; P = 0.907).
The decrease in PASP and anteroposterior diameters of
the right atrium and ventricle was similar in both groups
(P > 0.05). At 1 year postoperatively, the rate of TI recurrence (including mild degree or above) was still significantly greater in the De Vega procedure group (58.0 %)
than in the ring annuloplasty group (27.5 %; P < 0.001),
and the rate of moderate-to-severe TI recurrence was
significantly more common in the De Vega procedure
group (17.6 %) than in the ring annuloplasty group
(2.5 %; P = 0.043). None of the patients had severe TI at
this time. At 2 years postoperatively, among all the alive
patients, mild, moderate and severe TI were present in
59.3 %, 18.0 % and 0 % patients, respectively, in the De
Vega procedure group and 42.3 %, 2.7 % and 0 % patients, respectively, in the ring annuloplasty group. The
rate of moderate-to-severe TI recurrence was still significantly more common in the De Vega procedure group
(18.0 %) than in the ring annuloplasty group (2.7 %) Both
in terms of efficacy and duration, ring annuloplasty surpassed the De Vega procedure for the treatment of
functional TI associated with RHD.
Risk factors for TI recurrence

Fig. 1 Kaplan–Meier curves after surgery. a Survival curves in the
De Vega procedure group and the ring annuloplasty group. (log rank
P = 0.6755) b Freedom from mild and above recurrence of tricuspid
insufficiency in the De Vega procedure group and the ring
annuloplasty group. (log rank P = 0.0377) c Freedom from
moderate-to-severe recurrence of tricuspid insufficiency in the
De Vega procedure group and the ring annuloplasty group
(log rank P = 0.0970)

more than mild degree and only moderate-to-severe
degree TI by using the Kaplan–Meier survival curve
(Fig. 1b, c) from 1 week to more than 2 years after the
operation.
At 1 week after the operation, the overall TI recurrence
(including Mild degree above) differed significantly between the two groups (45.5 % in the De Vega procedure
group, 17.5 % in the ring annuloplasty group; P <0.01).

The following variables were entered in the multivariate Cox regression model to identify significant independent predictors of survival and event-free survival:
type of tricuspid valve repair surgery, age, gender, preoperative NYHA class, preoperative PASP, preoperative
right ventricular dysfunction, preoperative TI, tricuspid
valve repair type, preoperative mitral insufficiency or/and
stenosis, preoperative left ventricular ejection fraction,
concomitant mitral valve surgery and concomitant aortic
valve surgery. According to the Cox model, annuloplasty
type (De Vega procedure) and high preoperative PASP
were risk factors for TI recurrence (including mild to
severe TI; Table 2). Low left ventricular ejection fraction
was also a risk factor for TI recurrence. In patients with
better left heart function, preoperative TI may indicate a
greater degree of valve dysfunction, such as annular dilation or valve tethering, which may hamper tricuspid valve
repair. Preoperative and follow-up NYHA classes were
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Table 2 Multivariate regression analysis of the risk factors for
TI recurrence

Table 3 Comparison of pre-and postoperative SF-36 scores
between the ring and non-ring annuloplasty groups

B value

P value

Hazard ratio

Preoperative PASP

0.51

0.018

1.52

0.22

Non-ring Annuloplasty,
(De Vega procedure)

0.46

0.051

1.47

0.24

Variable

SE

PASP pulmonary arterial systolic pressure, SE standard error, TI tricuspid
insufficiency

not found to be significant factors. Similarly, right ventricular dysfunction (high right ventricular diameter and
body edema) was not a risk factor for TI recurrence.

Domain and summary scores

De Vega
procedure

Physical Functioning

Pre

33.60 ± 10.86

Post

46.11 ± 13.84

P Value

<0.001

Role-physical Problem

Body Pain

Quality of life assessment

The preoperative parameters on the SF-36 scale did not
significantly differ between the two groups (physical functioning, P = 0.917; role-physical, P = 0.555; bodily pain,
P = 0.216; general health, P = 0.592; vitality, P = 0.416; social functioning, P = 0.085; role-emotional, P = 0.332; mental health, P = 0.142). At the 1-year follow-up, the mean
physical component summary (PCS) score was significantly higher in the ring annuloplasty group (52.58 ±
1.258) than in the De Vega procedure group (47.40 ±
1.163; P = 0.0037). The mean mental component summary
(MCS) score did not significantly differ between the De
Vega procedure group (49.64 ± 1.048) and the ring annuloplasty group (48.98 ± 0.9682; P = 0.6446).
The comparison of the pre- and postoperative data
between the two study groups has been shown in Table 3.
Subgroup analysis revealed that patients in the De Vega
procedure group experienced significant improvement in
five of the eight health domains on the SF-36: physical
functioning, role-physical, general health, social functioning and role-emotional. Meanwhile, the ring annuloplasty
group patients experienced significant improvement in all
health domains, except for bodily pain (P = 0.204).

Discussion
Most studies of tricuspid valve repair have focused on
the indications for intervention, the technique of surgery, survival rates and reoperation rates [10, 16]. Few
studies have evaluated the clinical outcomes and quality
of life after tricuspid valve annuloplasty in RHD patients
[17]. Functional TI with concomitant left-sided lesions,
such as mitral or aortic valve disease in RHD, is associated with high mortality and increased risk of adverse
events. In the western region of China, TI associated
with RHD often occurs in younger patients (in our
study, the mean age was 48.4 years) than does TI related
to other causes. Our study has shown that although the
use of a prosthetic ring did not significantly decrease
the incidence of adverse clinical outcomes and midterm mortality, it effectively alleviated TI recurrence and

General Health Perception

Vitality

Social Functioning

Role-emotional Problem

MCS

52.67 ± 11.04
<0.001

Pre

30.34 ± 15.38

32.92 ± 13.00

49.65 ± 14.17

53.75 ± 14.37

P Value

<0.001

Pre

47.46 ± 16.04

<0.001
47.78 ± 14.00

Post

51.16 ± 15.32

52.22 ± 12.75

P Value

0.320

0.204

Pre

39.31 ± 9.19

38.17 ± 15.95

Post

46.39 ± 13.29

51.67 ± 11.32

P Value

<0.001

Pre

42.17 ± 9.16

<0.001
43.89 ± 11.28

Post

46.83 ± 10.87

49.17 ± 9.90

P Value

0.077

0.038

Pre

35.67 ± 9.44

37.50 ± 9.52

Post

46.17 ± 9.35

47.08 ± 9.66

P Value

<0.001

Pre

45.18 ± 9.65

P Value

PCS

34.67 ± 15.31

Post

Post

Mental Health

Ring annuloplasty

57.4 ± 13.71
<0.001

<0.001
43.51 ± 14.64
53.70 ± 11.42
0.002

Pre

47.00 ± 14.36

37.78 ± 12.16

Post

48.17 ± 13.29

45.97 ± 14.48

P Value

0.745

0.011

Pre

38.61 ± 6.55

38.38 ± 8.34

Post

47.40 ± 6.97

P Value

<0.001

Pre

42.50 ± 5.69

40.67 ± 5.73

Post

49.64 ± 5.74

48.98 ± 5.81

P Value

<0.001

52.58 ± 6.89
<0.001

<0.001

MCS mental component summary, PCS physical component summary. Bold
face numbers shows the P < 0.05

improved the quality of life in patients with rheumatic
mitral and/or aortic valve disease.
Bernal et al. believed that annuloplasty rings were
more effective than the De Vega procedure in preventing
late TI after mitral valve repair for RHD [6]. Our study
also demonstrated that ring annuloplasty had more efficacies in restoring and maintaining tricuspid valve function immediate after surgery, this result also duplicated
in 1 month, 1 year and 2 years follow-up which indicating annuloplasty is a more durable method for TI repair.
Different from patient with degenerated heart valve
disease, left-sided valve of RHD is often too difficult to
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repair due to marked thickening and calcification of the
valve tissue. As show in our study, all the patients received prosthetic mitral valve replacement rather than
repair, which could completely change the native ring
structure and subsequently to some extend affect the
geometric shape of native tricuspid annulus. In this condition, rather than constricting of the dilated tricuspid
annulus, better maintaining its geometric shape through
an annuloplasty ring may be of paramount importance
to ensure a durable repair effect. Also, in rheumatic
mitral valve disease, left atrial pressure and PASP increase
over time in nearly all patients; this leads to pressure
overload of the right ventricle and induces right ventricular enlargement [18]. If the PASP is markedly increased,
or the annulus moderately dilated, relatively minor leaflet
disease may lead to functional TI [19]. RHD patients tend
to have poor right heart function even before the occurrence of functional TI; therefore, the correction of even
mild or moderate TI in these patients necessitates a more
stable and durable annuloplasty method. Thus, the prosthetic ring technique may be selected as primary choose
for the correction of functional TI in RHD patients. In
our study, the multivariate Cox regression model revealed that high preoperative PASP and non-ring annuloplasty had a negative impact on rate of freedom from TI
recurrence.
SF-36 scale is a validated measure of the overall physical and mental health status, though it does not contain
disease-specific questions [20]. To our best knowledge,
our study is the first to provide information on changes
in the quality of life of patients after tricuspid valve
repair surgery [21, 22]. An important goal of interventions is to provide a subjective sense of satisfaction with
the treatment. The results of our study demonstrate that
quality of life was significantly improved 1 year after the
surgery as for both group. However, according to the
PCS score, the extent of postoperative physical improvement in health significantly differed between the two
groups. Meanwhile, compared with the De Vega procedure, the ring annuloplasty group patients experienced
more improvement in almost all health domains of SF-36
scale. These results suggest that the fewer TI recurrence
may cause a better symptom, such as fewer edema or
hepatic congestion after the surgery, which affect the subjective sense of patients [19]. These trends require further
research, particularly, with regard to their effects on longterm clinical outcomes.
The limitations of this study include its single-center
design and retrospective nature, with all of the inherent
limitations of such investigations. A non-randomized
study with short duration and small sample size may
generate potential bias. Moreover, we did not record and
analyze the diameter of the tricuspid annulus because
this data was not routinely recorded in our hospital.
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Nevertheless, our results may help cardiac surgeons
select an appropriate repair technique for the treatment
of tricuspid insufficiency due to rheumatic heart valve
disease.

Conclusion
Ring annuloplasty was more effective than the De Vega
procedure in treating functional TI in RHD patients
undergoing tricuspid valve repair combined with mitral
and/or aortic valve replacement. Our study suggests that
tricuspid valve repair surgery, especially ring annuloplasty,
significantly improved the quality of life of the patients.
These findings indicate that prosthetic ring annuloplasty
for the correction of functional TI in RHD may provide a
greater improvement in mid-term clinical outcomes
and quality of life than non-ring annuloplasty (De Vega
procedure).
Consent

Note: Written informed consent was obtained from all
the patients. A copy of the written consent is available
for review by the Editor-in-Chief of this journal.
Abbreviations
CPB: Cardiopulmonary bypass; MCS: Mental component summary;
NYHA: New York Heart Association; PASP: Pulmonary artery systolic pressure;
PCS: Physical component summary; RHD: Rheumatic heart disease; SF-36: Short
Form-36; TI: Tricuspid insufficiency.
Competing interest
The authors declare that they have no competing interests.
Authors’ contributions
These surgeries were done by Guo and his team including Ren, Zhang, Liu,
and Qian. Ren and Zhang participated in the patient’s perioperative care,
drafted and revised the manuscript. Guo also revised the manuscript and all
authors read and approved the final manuscript.
Funding
This work was supported, in part, by grants from the Specialized
Research Fund for the Doctoral Program of Higher Education, PRC.
(Grant No. 20120181120041), and the ‘Five-twelfth’ National Science
and Technology Support Program, PRC (No.2011BAI11B19).
Received: 3 October 2014 Accepted: 27 May 2015

References
1. Pomerantzeff P, Brandao CMA, Faber C, Grinberg M, Cardoso LF, Tarasoutchi
F, et al. Mitral valve repair in rheumatic patients. Heart Surg Forum.
2000;3:273–6.
2. Fadel BM, Alsoufi B, Manlhiot C, McCrindle BW, Siblini G, Al-Halees Z, et al.
Determinants of Short- and Long-Term Outcomes Following Triple Valve
Surgery. J Heart Valve Dis. 2010;19:513–23.
3. He J, Shen Z, Yu Y, Huang H, Ye W, Ding Y, et al. Criteria for determining
the need for surgical treatment of tricuspid regurgitation during mitral
valve replacement. J Cardiothorac Surg. 2012;7:27.
4. Bonow RO, Carabello BA, Chatterjee K, De Leon AC, Faxon DP, Freed MD,
et al. ACC/AHA 2006 guidelines for the management of patients with
valvular heart disease: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (writing
committee to revise the 1998 Guidelines for the Management of Patients
With Valvular Heart Disease): developed in collaboration with the Society of
Cardiovascular Anesthesiologists: endorsed by the Society for Cardiovascular

Ren et al. Journal of Cardiothoracic Surgery (2015) 10:81

5.
6.

7.

8.

9.

10.

11.
12.

13.

14.
15.

16.

17.
18.

19.

20.
21.

22.

Page 7 of 7

Angiography and Interventions and the Society of Thoracic Surgeons.
Circulation. 2006;114:84–231.
Raja SG, Dreyfus GD. Basis for intervention on functional tricuspid
regurgitation. Semin Thorac Cardiovasc Surg. 2010;22:79–83.
Bernal JM, Ponton A, Diaz B, Llorca J, Garcia I, Sarralde JA, et al. Combined
mitral and tricuspid valve repair in rheumatic valve disease: fewer
reoperations with prosthetic ring annuloplasty. Circulation. 2010;121:1934–40.
Dreyfus GD, Corbi PJ, Chan KM, Bahrami T. Secondary tricuspid regurgitation
or dilatation: which should be the criteria for surgical repair? Ann Thorac
Surg. 2005;79:127–32.
Tang GHL, David TE, Singh SK, Maganti MD, Armstrong S, Borger MA.
Tricuspid valve repair with an annuloplasty ring results in improved
long-term outcomes. Circulation. 2006;114:577–81.
McCarthy PM, Bhudia SK, Rajeswaran J, Hoercher KJ, Lytle BW, Cosgrove DM,
et al. Tricuspid valve repair: durability and risk factors for failure. J Thorac
Cardiovasc Surg. 2004;127(3):674–85.
Sultan FAT, Moustafa SE, Tajik J, Warsame T, Emani U, Alharthi M, et al.
Rheumatic tricuspid valve disease: an evidence-based systematic overview.
J Heart Valve Dis. 2010;19:374–82.
DeVega NF. La annuloplastia selectiva, regulable y permanente. Rev Esp
Cardiol. 1972;555:6.
Cosgrove DM, Arcidi JM, Rodriguez L, Stewart WJ, Powell K, Thomas JD.
Initial experience with the Cosgrove-Edwards Annuloplasty System. Ann
Thorac Surg. 1995;60:499–503.
Gandek B, Ware Jr JE. Methods for validating and norming translations of
health status questionnaires: the IQOLA Project approach. International
Quality of Life Assessment. J Clin Epidemiol. 1998;51:953–9.
Ware JE, Kosinski M, Keller SD. SF-36 physical and mental health summary
scales: a user’s manual. Boston: MA:The Health Institute; 1994.
Li L, Wang HM, Shen Y. Chinese SF-36 health survey: translation, cultural
adaptation, validation, and normalisation. J Epidemiol Community Health.
2003;57:259–63.
Bianchi G, Solinas M, Bevilacqua S, Glauber M. Which patient undergoing
mitral valve surgery should also have the tricuspid repair? Interact
Cardiovasc Thorac Surg. 2009;9:1009–20.
Irwin RB, Luckie M, Khattar RS. Tricuspid regurgitation: contemporary
management of a neglected valvular lesion. Postgrad Med J. 2010;86:648–55.
Vigano G, Guidotti A, Taramasso M, Giacomini A, Alfieri O. Clinical mid-term
results after tricuspid valve replacement. Interact Cardiovasc Thorac Surg.
2010;10:709–13.
Han QQ, Xu ZY, Zhang BR, Zou LJ, Hao JH, Huang SD. Primary triple valve
surgery for advanced rheumatic heart disease in Mainland China: a singlecenter experience with 871 clinical cases. Eur J Cardiothorac Surg.
2007;31:845–50.
Ware JE. SF-36 Health Survey update. Spine. 2000;25:3130–9.
Goldsmith IR, Lip GY, Patel RL. A prospective study of changes in the quality
of life of patients following mitral valve repair and replacement. Eur J
Cardiothorac Surg. 2001;20:949–55.
Li ZX, Guo ZP, Liu XC, Kong XR, Jing WB, Chen TN, et al. Surgical treatment
of tricuspid regurgitation after mitral valve surgery: a retrospective study in
China. J Cardiothorac Surg. 2012;7:30.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

