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1. Introduction

  Rheumatic heart disease is often associated with functional 

tricuspid regurgitation, which is also known as secondary tricuspid 

regurgitation. Tricuspid valve diseases frequently coexist with 

mitral and aortic valve diseases caused by many reasons, in which 

the incidence of tricuspid regurgitation is far higher than tricuspid 

stenosis. Functional tricuspid regurgitation is common, and mostly 

occurs secondarily in mitral valve disease due to pulmonary 

hypertension and right ventricular dilation[1,2]. When performing 

left cardiac valve replacement, rational treatment of tricuspid valve 

disease is extremely important for the postoperative recovery of 

heart functions. Inappropriate intraoperative treatment techniques 

could cause recurrence and progressive aggravation of tricuspid 

regurgitation in a short term, which would ultimately seriously 

affect the patients’ perioperative restoration and long-term quality of 

life, and may even result in death[3].

Objective: To investigate the mid- and long-term clinical effects of tricuspid valvuloplasty 
with the implantation of an artificial plastic ring. Methods: Data of 677 patients who had 
functional tricuspid regurgitation and left cardiac valve disease and underwent tricuspid 
valvuloplasty and left cardiac valve surgery were retrospectively. Among these patients, 353  
underwent simple suture annuloplasty (group A) while the rest 324 patients underwent artificial 
plastic ring annuloplasty (group B). The two-year and more-than-two-year clinical and 
ultrasonocardiograph (UCG) follow-up data of the two groups were obtained and compared. 
Results: A total of 600 patients (88.6%) completed the long-term follow-up (more than two 
years). The two-year follow-up showed no significant difference in the incidence of mild 
tricuspid regurgitation between the two groups (82.2% vs. 92.7%, P=0.37). However, there 
were significantly more cases that developed into moderate to severe tricuspid regurgitation 
in group A than in group B (17.8% vs. 7.3%, P=0.031). The long-term follow-up revealed 
that the recurrence rate of tricuspid regurgitation in group B was significantly lower than that 
in group A (11.0% vs. 25.0%, P=0.029), and the ratio of cases developing into moderate to 
severe tricuspid regurgitation in group A was significantly higher than that in group B (28.9% 
vs. 9.9%, P=0.007). The comparison between the two intra-group time segments showed that 
the development of tricuspid regurgitation in group A was significantly increased (28.9% vs. 
17.8%, P=0.022), but in group B it was relatively stable (9.9% vs. 7.3%, P=0.52). Conclusions: 
Artificial ring annuloplasty is associated with significantly less tricuspid regurgitation than 
simple suture annuloplasty.
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  Currently, relevant reports about the intraoperative treatment 

principles and methods toward functional tricuspid regurgitation are 

divergent[4]. Some authors believe that if no serious organic valvular 

damage occurs, simple suture annuloplasty to narrow the annulus 

could achieve satisfactory result[5,6], because the tricuspid valve 

lies in the right low-pressure chamber. Meanwhile, others believe 

that no matter what degree of functional tricuspid regurgitation is 

present, as long as left cardiac valve surgery is performed, tricuspid 

annuloplasty should be performed simultaneously[7], and an artificial 

plastic ring(s) should be implanted to improve the long-term 

results[8,9]. Currently, the Chinese socio-economic level still has a 

wide gap compared to the developed countries. Artificial plastic ring 

annuloplasty performed for all functional tricuspid regurgitation 

might cause the controversy of ‘over treatment’ and increase the 

patients’ economic burdens in vain. On the other hand, a simple 

strategy might reduce the maintenance of long-term functions. So, 

clinical studies on the comparison of these two methods are urgently 

needed.

  We retrospectively reviewed 677 patients with left cardiac valve 

disease and tricuspid regurgitation from March 2005 to September 

2015. These patients underwent left cardiac valve surgery and one of 

two different tricuspid annuloplasty techniques. By comparing and 

summarizing the patients’ mid- and long-term follow-up results, we 

aimed to obtain the strategy and method of tricuspid annuloplasty 

that is suitable for Chinese patients with left cardiac valve diseases.

2. Materials and methods

2.1. General information

  From March 2005 to September 2015, a total of 677 patients with 

left cardiac valve diseases and functional tricuspid regurgitation were 

surgically treated in our hospital. Tricuspid valvuloplasty and left 

cardiac valve surgery were simultaneously performed. Left cardiac 

valve diseases were mainly rheumatic (503 cases), accounting for 

74.3%; the remainder included mitral valve degeneration (73 cases), 

coronary heart disease mediated mitral regurgitation (42 cases), 

infective endocarditis and trauma mediated mitral valve injury (53 

cases), and cardiac tumors, which had affected the mitral valve 

(6 cases). The mean age of these patients (46±20), ranging from 

14 to 76 years old, and a total of 376 males and 301 females were 

included. 

  According to NYHA, 287 patients were categorized as functional 

class II, 302 as functional class III, and 88 as functional class IV. 

Preoperatively, 371 cases had atrial fibrillation, and 306 cases 

were in sinus rhythm. Twenty-two patients had ‘cerebrovascular 

embolism’ due to preoperative left atrial thrombus shedding, the 

time interval between embolism treatment and heart surgery was 

more than three months, during which the cardiotonic and diuretic 

treatments were strengthened to maintain the heart functions. The 

preoperative tricuspid regurgitation grading was measured and 

evaluated by echocardiography: mild (the area of the regurgitant 

current was less than 20% of the right atrial area) in 164 cases; 

moderate (20%-40% regurgitant current area) in 332 cases; and 

severe (over 40% regurgitant current area) in 181 cases. 

  Before the operation, left ventricular systolic functions were as 

follows: mean ejection fraction was (55%±17%) and long axial 

fractional shortening was (30%±8%). The concomitant left cardiac 

procedures included 356 cases of mitral valve replacement (MVR), 

98 cases of mitral valvuloplasty (MVP), 181 cases of MVR plus 

aortic valve replacement (MVR+AVR), 15 cases of coronary artery 

bypass graft (CABG) with MVR, and 27 cases of CABG with MVP. 

This study was conducted in accordance with the declaration of 

Helsinki, and with approval from the Ethics Committee of Henan 

Provincial People’s Hospital. Informed consents were obtained from 

the participants or the family members.

2.2. Surgical treatment

  After the left heart procedures, the tricuspid valvuloplasty was 

performed under aortic cross-clamping and cardiac arrest. A total of 

353 cases were subjected to the simple suture annuloplasty (group 

A) while the other 324 cases were subjected to artificial plastic 

ring annuloplasty (group B). The selection of the tricuspid surgery 

techniques was mainly based on the degree of tricuspid regurgitation 

judged by the preoperative cardiac ultrasound, as well as by 

intraoperative direct observation of tricuspid valve disease.

  The patients preoperatively evaluated as mild (with tricuspid 

annular dilation) and moderate degree of tricuspid regurgitation were 

more likely to undergo simple suture annuloplasty using one of the 

following methods: 

  (1) The Kay annuloplasty (the two-valve method): this method was 

performed to suture and close the posterior annulus with two figure-

of-8 sutures, and then followed by a closure of the anterior leaflet to 

eliminate the regurgitation. 

  (2) The De Vega annuloplasty: a 3-0 polypropylene pledgeted 

suture with bipitch needle was used. The first suture was started 

from the anterior antero-septal commissure, running in a clockwise 

direction along the anterior annulus and the posterior annulus until 

the posterior antero-septal commissure, and the second suture was 

located parallel and outside of the first suture, passing the pledget. 

The suture was then ligated after suturing twice to narrow the 

annulus, which was attached to the right ventricular free wall. In 

addition, the segmental De Vega annuloplasty was performed to 

selectively shorten the annulus at the antero-septal commissure 

and near the postero-septal commissure, while maintaining the 

intermediate portion of the anterior annulus; the modified De Vega 

annuloplasty was performed by suturing along the annulus while 

adding one gasket into each suture to reduce the shear stress on the 

suture toward the tissues. 

  (3) The ‘edge to edge’ method with/without the De Vega constrictor 
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ring: the valve free edge in the regurgitantregion was marked with 

the suture. Mattress apposition technique using 5-0 polypropylene 

sutures and the pericardial gasket to form two or three holes to 

eliminate the regurgitation were performed; as for the patients with 

obvious annular dilatation, the constrictor ring should be added to 

reduce the valve tension. 

  Artificial annuloplasty ring implantation was performed using one 

of the three rings: 1) the domestic BalMed C-shaped elastic ring 

(3D ring), 2) the Edwards MC3 elastic ring, or 3) the S-J Tailor 

semi-rigid ring. The last two were both 3D structure. The suturing 

technique was similar, regardless of the ring used: starting from the 

anterior antero-septal commissure, suturing was performed along the 

antero-posterior valve until the posterior antero-septal commissure. 

Interrupted mattress technique or annulus-parallel non-pledgeted 

interrupted suture technique using pledgeted 2-0 suture was 

performed to suture the tricuspid annulus along the aforementioned 

range to ensure that the suture pitches on the tissues were wider than 

those on the artificial ring so as to effectively constrict the ring and 

fix the tricuspid annulus.

  Intraoperative examination was performed last. Prior to unclamp 

the aorta, the pulmonary artery was temporarily occluded, and the 

right ventricular cavity was injected with water for observation. After 

the aorta has been unclamped and the heart resuscitated, the tricuspid 

valve should be able to open and close under direct vision, and the 

right atrial incision was sutured only if the tricuspid valve exhibited 

good closure.

2.3. Follow-up

  The follow-up approaches included telephone follow-ups and 

regular clinic visits. All cases completed the two-year follow-up, 

and a total of 600 patients (88.6%) completed the mid-term (2 years) 

to long-term follow-up (5 years). The data of these patients during 

follow-up were obtained from the final color Doppler ultrasound 

images. This method was also adapted for the postoperative cardiac 

function determination. The postoperative cardiac surgery-related 

complications were not included in this study, and they did not affect 

the results. All data were recorded into one computer for the final 

statistical analysis. Follow-up periods were 2.0-10.5 years, with an 

average of (6.5±3.9) years. All patients alive underwent echo and 

clinical examination at the two-year and five-year time points.

2.4. Statistical analysis

  SPSS18.0 statistical software was used for data processing. The 

data were expressed as mean±standard deviation (mean±SD). The 

counting data were expressed as percentage. Analysis of variance 

was used for the intra-group comparison; the Chi-square test or the 

corrected Chi-square test was used for the intergroup comparison. 

P<0.05 was considered to indicate a significant difference.

3. Results

3.1. Demographic results

  There were no significant differences in the general demographic 

patient data between these two groups, including age, gender, 

concomitant left heart procedure, cardiac function, inner diameter of 

right ventricle (RV), and tricuspid regurgitation grading. The general 

demographic data of the patients were shown in Table 1.

Table 1 
General demographic data of the patients.

Item
Group A

(n=353)

Group B

(n=324)
P 

Age (year) 50.8±7.2 51.5±5.3 0.31
Gender (female/male) 151/202 150/174 0.61
LVEF (%)   54.0±17.2   53.0±14.8 0.53
Diameter of RV (mm) 21.3±5.4 23.5±6.2 0.65
Tricuspid regurgitation grading (n): 
Mild   90   74 0.28
Moderate 178 154 0.77
Sever   85   96 0.38
Concomitant procedure:
MVR 176 180 0.91
MVP   55   43 0.38
MVR+AVR   97   84 0.67
CABG+MVR     9     6 0.33
CABG+MVP   16    11 0.26

3.2. Perioperative results

  Five cases (1.5%) died in group A during the perioperative period, 

and seven cases (2.2%) died in group B. There was no significant 

difference between the two groups (P=0.062). On the day of 

surgery, all the patients were diagnosed as mild or slight tricuspid 

regurgitation by transthoracic or intraoperative transesophageal 

ultrasound in the intensive care unit (ICU).

3.3. Results of mid-term follow-up

  During the two-year follow-up, no death occured. The tricuspid 

valve functions of the two-year follow-up patients were shown in 

Table 2. There was no significant difference in the incidence of mild 

tricuspid regurgitation between the two groups (P=0.37), but the 

cases that developed into moderate to severe tricuspid regurgitation 

in group A were significantly more than those in group B (P=0.031).

Table 2
Tricuspid valve functions in the 2-year follow-up [n(%)].

Group  n
Non/slight 

regurgitation

Mild 

regurgitation

Moderate to severe 

regurgitation
Group A 348 84(24) 202(58) 62(18)*

Group B 317 82(26) 212(67) 23(7)

Note: compared to group B, *P<0.05.
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3.4. Results of long-term follow-up

  Five-year follow-up revealed that group A had five cases 

of re-hospitalization due to intractable heart failure, and 

ultrasonocardiograph revealed that they were with severe tricuspid 

regurgitation. Among these, three cases died of heart failure 

(mortality, 0.97%), and the other two cases underwent reoperation 

(tricuspid valve replacement) and were discharged after treatment. 

The rest of the cases in these two groups all survived with grade 

II-III heart function (NYHA), and the patients with poor cardiac 

function were usually associated with severe tricuspid regurgitation. 

The tricuspid valve functions in the two groups were shown in Table 

3: group B exhibited significantly better tricuspid regurgitation 

improvement than group A (P=0.029), and the ratio of developing 

into moderate to severe tricuspid regurgitation in group A was 

significantly higher than cases in group B (P=0.007). Furthermore, 

the long-term follow-up revealed that compared with the two-year 

follow-up results, the recurrence rate of moderate to severe tricuspid 

regurgitation in group A was significantly increased (P=0.022), 

while the increase in group B has no statistic difference (P=0.52). 

Table 3
Tricuspid valve functions and survival rate according to the 5-year follow-up 

[n(%)].

Group n Total cases 

(survival rate)

Slight/mild 

regurgitation

Moderate 

regurgitation

Severe 

regurgitation
Group A 348   345(98)  34(11)* 185(60)    89(29)**

Group B 317 317(100) 73(25) 190(65) 29(10)

Note: compared to group B, *P<0.05, **P<0.01.

4. Discussion

  Rheumatic heart disease is often associated with functional 

tricuspid regurgitation, which is also known as secondary tricuspid 

regurgitation. Many studies have shown that[1,2] the main reason for 

functional tricuspid regurgitation is left heart valve disease mediated 

pulmonary hypertension and right ventricular enlargement, in which 

the tricuspid annulus dilates, leading to a change of the mechanical 

direction of the tendons’ tractions toward the valve. This change 

results in a dislocation from the normal tricuspid valve’s identical 

point[10]. The tricuspid valve itself and the subvalvular structures 

do not have organic disease, hence, it is also known as secondary 

tricuspid regurgitation. Many other studies found that when mitral 

valve disease was effectively treated and the pulmonary artery 

pressure was maintained at normal level or slightly higher than 

normal level, tricuspid regurgitation would still occur and continue 

to develop[11-13]. The exact mechanism should be further clarified.

  The tricuspid annuloplasties, such as the De Vega method, the Kay 

method, or the artificial ring implantation method, aim to constrict 

the valve annular and leaflets. The Kay annuloplasty is mainly 

suitable for patients with significant valve expansion, but this surgery 

would change the natural anatomic relationship of the tricuspid valve 

orifice, leading to a risk of valve stenosis. Because the expansion of 

the right ventricular free wall is not dealt with, the rest of the dilated 

tricuspid annulus might still result in residual tricuspid regurgitation 

or persistent tricuspid annular dilatation. The disadvantage of the 

De Vega method is the annular suture may not be strong due to 

exclusion of the septum, resulting in the ‘guitar string’ phenomenon, 

namely, the sutures might be torn from the annulus, leading to one or 

two strings stretching over the center of the annulus. In these cases, 

the postoperative residual tricuspid regurgitation and the long-term 

tricuspid regurgitation recurrence rate would be higher. Our study 

also showed that the suture annuloplasty was a type of temporary 

support, and its long-term recurrence rate of tricuspid regurgitation 

was higher. 

Artificial ring plasty could not only reduce the tricuspid annulus 

expansion, but also be more structurally suitable for the repair of the 

expanded tricuspid annulus, especially with the use of elastic rings 

with different 3D shapes in the recent years, such as Edwards MC3 

ring. These rings could be better to retain the physiological shape 

of the tricuspid annulus and to maintain the normal morphological 

changes generated with heart constriction, and could also correct 

the deformation of the tricuspid valve[14]. Filsoufi[15] observed 

a group of 75 cases who underwent Edwards MC3 annuloplasty 

and found good early results. The 3D structure was in line with 

the physiological structure of the tricuspid valve, therefore, the 

likelihood of postoperative annulus breaking was low and the 

possibility of long-term recurrence of tricuspid regurgitation was 

also decreased. However, that study was not able to provide long-

term follow-up results. In this study, the 2- to 5-year follow-up also 

showed good results of ring implantation. Compared with the simple 

suture annuloplasty, artificial ring annuloplasty not only reduced the 

recurrence of tricuspid regurgitation, but also significantly delayed 

the progression of the recurrent tricuspid regurgitation. 

  Meanwhile, it should be noted that due to lack of early recognition 

and high attention toward tricuspid valvuloplasty, the clinical patients 

undergoing artificial ring annuloplasty in this study mostly had 

worse preoperative regurgitation. However, the mid- and long-term 

prognoses of the patients, as well as the progression of the recurrent 

tricuspid regurgitation, in group I were still significantly better than 

those in group A.

  The annular expansion might recur due to the suture-cutting, 

especially in patients without ring implantation. The strengthening 

of the annulus is significantly improved with the ring, which could 

block the feedback chain of annulus dilatation-tricuspid regurgitation 
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-right atrioventricular expansion-annulus dilatation to some extent 

to protect the right heart functions. In a related study, Tang et al[16] 

found that tricuspid ring implantation could indeed significantly 

reduce the recurrence of tricuspid regurgitation via their multivariate 

regression analysis. Furthermore, this method was the only 

independent preventive factor for improving the long-term survival 

without complications.

  As mentioned above, simple tricuspid valvuloplasty could not 

eliminate functional tricuspid regurgitation permanently. Meanwhile, 

improper intraoperative processing of mild tricuspid regurgitation 

would cause short-term recurrence and progressive aggravation 

of tricuspid regurgitation, eventually decreasing the quality of 

the patient’s life, as well as causing right heart failure and death. 

Therefore, some scholars have suggested that when performing left 

cardiac valve surgery, a synchronous tricuspid annuloplasty should 

be performed regardless of whether the tricuspid regurgitation 

exists or not and the degree of tricuspid regurgitation, especially for 

patients with high-risk factors and annular dilatation. Simultaneous 

performance of the two surgeries does not increase the perioperative 

mortality[17]. Taking into account the good short- and long-term 

results of the artificial ring annuloplasty, it has been recommended 

that this method should be used as the routine procedure for tricuspid 

valvuloplasty[18].

  In summary, our study demonstrated that artificial ring annuloplasty 

results in significantly less tricuspid regurgitation than simple suture 

annuloplasty. Thus, artificial ring annuloplasty would be used as 

good substitute of simple suture annuloplasty for tricuspid annulus 

constriction. 
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