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Background: Tricuspid annuloplasty (TAP) is accepted as the standard technique for correcting tricuspid regurgitation (TR). We conducted the present study to provide an overview of the contemporary results of 3D rigid ring annuloplasty for TR.

Methods: A systematic literature search was carried out in eight databases to collect all relevant studies on the three-dimensional (3D) rigid ring annuloplasty treatment of TR published before October 1, 2020. The main outcomes of interest were postoperative TR grade, perioperative mortality, and recurrent TR.

Results: A total of eight studies were included, all of which were retrospective observational studies. Rigid 3D rings were compared with flexible bands, and there was no difference in perioperative mortality [odds ratio (OR) = 1.02; 95% CI (0.52, 2.02); p = 0.95], late mortality [OR = 0.99; 95% CI (0.28, 3.50); p = 0.98], or recurrent TR [OR = 0.59; 95% CI (0.29, 1.21); p = 0.15]. The postoperative TR grade associated with 3D rigid rings was 0.12 lower [mean difference (MD) = −0.12; 95% CI (−0.22, −0.01); p = 0.03], which indicated that 3D rigid rings result in better postoperative outcomes than flexible bands. Compared with suture annuloplasty, the postoperative TR grade of the 3D rigid ring group was 0.51 lower [MD = −0.51; 95% CI (−0.59, −0.43); p < 0.05]. Within the 5 years of follow-up, patients who underwent 3D rigid ring annuloplasty had lower TR recurrence [OR = 0.26; 95% CI (0.13, 0.50); p < 0.05].

Conclusions: Compared with suture annuloplasty, 3D rigid rings present early advantages. The 3D rigid rings provide an acceptable short-term effect similar to that of the flexible bands, and a significant difference between these approaches was not discovered. However, the conclusion was based on the limited, short-term data available at the time of the study. Further research on the long-term effects of 3D rigid ring annuloplasty for TR is clearly needed.

Systematic Review Registration: https://inplasy.com/inplasy-2021-3-0105/, identifier: 202130105.
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INTRODUCTION

Tricuspid regurgitation (TR) is a common valvular heart disease (VHD) that occurs in 65–85% of the population (1). Mild TR with a normal structure can be regarded as a normal variant. Moderate to severe TR is usually pathological (2) and is an independent risk factor for progressive heart failure and increased mortality (3–6). TR is divided into primary TR and functional TR (FTR). FTR is caused by the abnormal anatomy and function of the tricuspid valve due to dilation and dysfunction of the right ventricle. It is usually secondary to left heart disease, such as mitral regurgitation, mitral stenosis, and aortic stenosis (7). A total of 30–50% of patients with severe mitral regurgitation have obvious (moderate and severe) TR (8), and the incidence of TR in patients with severe aortic stenosis also exceeds 25% (9). In addition, atrial fibrillation may be an important cause of TR. In the absence of pulmonary hypertension or left-side heart disease, isolated TR can appear in elderly patients with a high incidence of atrial fibrillation (10–12). At present, FTR is considered to be a continuous process. If it is not treated, disease progression will lead to gradual dilation and dysfunction of the right ventricle, which will seriously affect the prognosis (13–15).

The American Heart Association (AHA) and European Society of Cardiology (ESC) guidelines recommend that patients with severe TR should be treated with the tricuspid valve at the same time as left heart valve surgery (Class I recommendation). For patients with mild to moderate TR and tricuspid annulus dilation, tricuspid valve surgery should be considered during the same period of left heart valve surgery (Class IIa recommendation) (16, 17). At present, transcatheter tricuspid valve intervention (TTVI) is developing rapidly, but the technology has not been fully popularized in clinical practice. Tricuspid valve plasty (TVP) is still the main method of surgical treatment of tricuspid regurgitation, mainly including suture annuloplasty and prosthetic tricuspid annuloplasty (18–20). Suture annuloplasty, such as the Kay method (21) and De Vega method (22), has the advantages of simple technology and low patient economic burden but also has a relatively high recurrence rate (23, 24). Compared with sutures, prosthetic tricuspid annuloplasty can better prevent annular dilatation, right ventricular volume overload, and right heart failure (25). Currently, a large number of studies have shown that the ability of prosthetic tricuspid annuloplasty to restore the tricuspid valve is better than that of suture annuloplasty, so tricuspid annuloplasty (TAP) using various commercially available rings is accepted as the standard technique for correcting TR (26–28).

According to the rigidity, TAP rings are divided into flexible bands and rigid rings. The former can adapt to the cyclical movement of the heart, whereas it cannot be maintained for a long time. Long-term right ventricular hypertension and valve movement will gradually expand the annulus and produce regurgitation. The latter is not well-adapted to the anatomical characteristics of the tricuspid valve annulus but maintains a relatively long time (29). Due to the unique dynamic three-dimensional (3D) structure of the tricuspid valve, many 3D rigid rings have been developed in recent years. It is believed that the 3D rigid ring can adapt well to the anatomical structure of the tricuspid valve, correct the expansion of the annulus, and prevent further expansion of the annulus (30). Studies have pointed out that it can enhance the joint force of the valve leaflets and reduce the tension of the suture, thereby reducing the possibility of long-term recurrence of tricuspid regurgitation (31).

In the past few decades, the surgical results of many types of annuloplasty have been reported clinically, but only a few studies have compared and evaluated these devices (32, 33). Therefore, it is still inconclusive which tricuspid annuloplasty ring should be chosen in clinical practice. Although the 3D rigid ring has been widely used in clinical practice, there is no relevant research to systematically explain whether it has advantages compared with suture, flexible band, and standard rigid ring TAP. Based on this, we conducted this systematic review and meta-analysis to compare the effects of 3D rigid annulus and other methods in TAP and provide a reference for selecting the appropriate annulus type during tricuspid annuloplasty.



MATERIALS AND METHODS


Protocol and Registration

This systematic review and meta-analysis was performed according to the preferred reporting items for the systematic reviews and meta-analyses (PRISMA) statement. The protocol was registered on INPLASY (202130105) and is available in full on the inplasy.com (https://inplasy.com/inplasy-2021-3-0105). Ethical approval was not required for this work because this was an analysis of previously published data.



Literature Search

We conducted a systematic literature search on eight databases, such as PubMed, the Cochrane Library, Web of Science, EMBASE, China National Knowledge Infrastructure (CNKI), China Biology Medicine disc (CBM), Wan Fang, and VIP, to retrieve all related articles before October 1, 2020. At the same time, we traced the references of the included literature and found documents through Google Scholar and manual search of related articles. Similarly, we searched the references of the included literature through the snowball method to maximize the sensitivity of retrieval as much as possible. Taking PubMed as an example, the specific retrieval strategy is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Search strategies for this study in PubMed.




Inclusion and Exclusion Criteria

The inclusion criteria of this study were determined before the literature search. The included studies met the following inclusion criteria: (1) comparison of 3D rigid rings and sutures, flexible bands, flat rigid rings, and other shaping techniques in the treatment of TR, (2) randomized Controlled Trial (RCT) or cohort study, and (3) if several studies conducted by the same institution have overlapping samples, only the latest research literature will be included.

The exclusion criteria were as follows: (1) TR surgery with no direct comparison between 3D rigid ring and other plastic surgeries, (2) report on the combination of different forming technologies, (3) unable to obtain surgical information and other outcome indicators, (4) reviews, comments, letters, expert opinions, and case reports, and (5) animal-based studies.



Data Extraction

Two reviewers (Yu-Hu Ma and Kang Yi) independently screened the literature according to the inclusion and exclusion criteria and cross-checked the literature. By reading the titles and abstracts of the obtained literature, trials that did not meet the inclusion criteria were excluded, and then, the full text of the suspected literature was read through to determine whether the study was included. If disagreement arose, the two people first had a discussion. If disagreement still existed, a third reviewer (Tao You) read the full text and participated in the discussion until an agreement was reached. According to the developed data extraction table, the data were extracted by using Microsoft Office Excel 2019. The extracted content mainly included the following. (1) Basic information of the included research was used, such as the first author, the year of publication, the country and region of the research object, and the duration of the research. (2) Basic information of patients was used, such as the follow-up time, sample size, type of forming ring, age, heart function grade, and tricuspid regurgitation grade of the two groups. (3) Outcome indicators included aortic cross-clamp (ACC) time, cardiopulmonary bypass (CPB) time, post-operative TR grade (defined as TR grade within 1 week after surgery), perioperative mortality (defined as hospital mortality or 30-day death rate), late mortality rate (defined as the total mortality rate during follow-up), early complication rate (defined as the rate of complication within 30 days after surgery), and recurrent TR [defined as postoperative moderate and above TR (grade 2–4)].



Risk Assessment of Bias in Included Studies

The risk of bias in the included studies was referenced to the Newcastle–Ottawa Scale (NOS). Evaluation items included the following: (1) representativeness of the exposed cohort, (2) selection of the non-exposed cohort, (3) ascertainment of exposure, (4) outcome of interest not present at the start of the study, (5) comparability of cohorts on the basis of the design or analysis, (6) assessment of outcome, (7) long enough follow-up for outcomes to occur, and (8) adequacy of follow-up of cohorts (34). Among them, the fifth item is 2 points, and the remaining 7 are 1 point. The score of the scale is 0–9, and when the score is ≥7, it is considered to be a study with a low risk of bias (35). The risk deviation assessment was completed by two authors independently, and when differences arose, they were resolved through discussion or negotiated by a third author until agreement was reached.



Statistical Analysis

All data analyses were performed using RevMan5.3 software and Stata16. We chose unadjusted raw data because various studies did not adjust for the same set of confounding factors. Binary variables are represented by odds ratios (ORs), continuous variables are represented by mean differences (MDs) for consistent measurement units, and standardized mean differences (SMDs) are used for inconsistent measurement units. All variables were calculated with 95% CIs. All reported values of p are two-sided, and p < 0.05 was considered statistically significant. Heterogeneity tests were performed on the included studies using the Q-test and I2 test. The fixed effect model was used for analysis only when p > 0.10 and I2 ≤ 50%. Otherwise, the heterogeneity of the study was considered significant, and the random effects model (D-L method) was used for analysis.




RESULTS


Characteristics of the Included Studies

The literature search identified 1,781 studies, and 1,653 remained after deleting duplicates. By reading the titles and abstracts, 1,626 irrelevant documents were eliminated, and the remaining 27 documents were read in full. Among them, 19 articles were excluded because they did not involve the 3D rigid ring. Finally, eight studies (36–43) that met the inclusion criteria were included in our systematic review and meta-analysis (as shown in Figure 2). All the included studies were retrospective cohort studies, of which five studies (36–40) compared 3D rigid ring annuloplasty with flexible band annuloplasty (flexible band group) and four studies (39, 41–43) compared 3D rigid ring annuloplasty with suture annuloplasty (suture group). The types of 3D rigid rings were all Edwards MC3, and the suture group all underwent De Vega annuloplasty. The severity of TR was evaluated using an apical four-chamber view and graded from 0 to 4+ (0: none, 1+: mild, 2+: moderate, 3+: moderate-to-severe, and 4+: severe). Two studies (38, 43) were adjusted using propensity-score matched (PSM) analysis. Table 1 summarizes the characteristics of all included articles. Table 2 shows the risk of bias results of the eight included studies.


[image: Figure 2]
FIGURE 2. Flowchart of study selection for the present study.



Table 1. Baseline characteristics of individual studies.
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Table 2. Results of NOS included in the study.
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Baseline Characteristic Analysis

Wang et al. (40) did not report whether it was combined with atrial fibrillation, and patients from other studies in both groups had atrial fibrillation. The vast majority of patients had moderate to severe TR (TR ≥ 2). Only in the flexible band group were patients with 3D rigid rings older than those with flexible bands [SMD = 0.22; 95% CI (0.09, 0.35); p < 0.05], and there was no difference in other baseline information. The baseline information was comparable (as shown in Figures 3, 4).


[image: Figure 3]
FIGURE 3. Pooled baseline characteristics and dichotomous variables.



[image: Figure 4]
FIGURE 4. Pooled baseline characteristics and continuous variables.




Perioperative Characteristics and Outcomes
 
3D Rigid Ring vs. Flexible Band

In this group, 453 patients underwent 3D rigid ring annuloplasty, and 606 patients underwent flexible band annuloplasty. In the two groups of 3D rigid rings and flexible bands, there was no significant difference in operation time [mean difference (MD) = 14.81; 95% CI (−19.33, 48.96); p = 0.4]. Compared with the flexible band, the CPB time of the 3D rigid ring was longer, with an average of 8.54 min longer [MD = 8.54; 95% CI (1.13, 15.95); p = 0.02]. However, the hospital stay of the rigid 3D ring was 0.44 days shorter than that of the flexible band [MD = −0.44; 95% CI (−0.82, −0.06); p = 0.02]. There was no discrepancy in aortic cross-clamp time [MD = 2.97; 95% CI (−3.67, 9.62); p = 0.38], intensive care unit (ICU) stay [MD = −0.56; 95% CI (−5.78, 4.67); p = 0.83] or ventilator time [MD = −0.32; 95% CI (−1.99, 1.36); p = 0.71]. The main heart surgeries included mitral valve surgery [OR = 0.97; 95% CI (0.67, 1.41); p = 0.88], aortic valve surgery [OR = 1.14; 95% CI (0.79, 1.65); p = 0.49], coronary artery bypass grafting (CABG) [OR = 1.19; 95% CI (0.68, 2.08); p = 0.53], and maze procedure [OR = 0.79; 95% CI (0.40, 1.56); p = 0.50], but the results were not statistically obvious. There was no diversity in combined surgery between the two groups. The results are shown in Figures 5–8.


[image: Figure 5]
FIGURE 5. Meta-analysis of 3D rigid ring and flexible band annuloplasty, continuous variable, and random effects model.
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FIGURE 6. Meta-analysis of 3D rigid ring and flexible band annuloplasty, continuous variable, fixed effects model.
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FIGURE 7. Meta-analysis of 3D rigid ring and flexible band annuloplasty, dichotomous variables, and fixed effects model.



[image: Figure 8]
FIGURE 8. Meta-analysis of 3D rigid ring and flexible band annuloplasty, dichotomous variables, and random effects model.


Regarding perioperative mortality [OR = 1.02; 95% CI (0.52, 2.02); p = 0.95] and late mortality [OR = 0.99; 95% CI (0.28, 3.50); p = 0.98], the results were not statistically significant. The postoperative TR grade of 3D rigid ring annuloplasty was 0.12 lower than that of flexible band annuloplasty [MD = −0.12; 95% CI (−0.22, −0.01); p = 0.03], and the 3D rigid postoperative treatment effect was better. However, there was no divergence in the TR level at the last follow-up [MD = 0; 95% CI (−0.33, 0.33); p = 0.99]. Early complications mainly included bleeding requiring surgery, low cardiac output syndrome, acute kidney injury, stroke, and arrhythmia requiring pacemakers, and the above indicators were not statistically significant. During the follow-up, there was no great discrepancy in recurrent TR [OR = 0.59; 95% CI (0.29, 1.21); p = 0.15] (as shown in Figures 5–8).



3D Rigid Ring vs. Suture

In this group, 338 patients underwent 3D rigid ring annuloplasty, and 552 patients underwent suture annuloplasty. Most patients underwent other heart surgeries at the same time. The main heart surgeries included mitral valve surgery [OR = 2.55; 95% CI (0.47, 13.90); p = 0.28], aortic valve surgery [OR = 1.05; 95% CI (0.70, 1.58); p = 0.80], and CABG [OR = 2.30; 95% CI (0.73, 7.23); p = 0.15], and the results were not statistically significant. There was no difference in the combined cardiac surgery between the two groups. Compared with the suture group, the CPB time of the 3D rigid ring group was 10.66 min longer on average [MD = 10.66; 95% CI (4.10, 17.22); p = 0.001]. However, the hospital stays of the 3D rigid ring group were 1.08 days shorter than those of the suture group, and the ventilator time was 0.5 h shorter. There was no evident diversity in ACC time [MD = −0.31; 95% CI (−4.09, 3.47); p = 0.87], ICU stay [MD = 0; 95% CI (−1.93, 1.93); p = 1], perioperative mortality [OR = 1.01; 95% CI (0.44, 2.37); p = 0.97] or late mortality [OR = 0.69; 95% CI (0.41, 1.16); p = 0.16] between the two groups. The results are summarized in Figures 9–12.


[image: Figure 9]
FIGURE 9. Meta-analysis of 3D rigid ring and suture annuloplasty, continuous variable, and fixed effects model.



[image: Figure 10]
FIGURE 10. Meta-analysis of 3D rigid ring and suture annuloplasty, continuous variable, and random effects model.



[image: Figure 11]
FIGURE 11. Meta-analysis of 3D rigid ring and suture annuloplasty, dichotomous variables, and fixed effects model.



[image: Figure 12]
FIGURE 12. Meta-analysis of complications in the two groups.


The postoperative TR grade of 3D rigid ring annuloplasty was 0.51 lower than that of suture annuloplasty [MD = −0.51; 95% CI (−0.59, −0.43); p < 0.05]. Within the 5-year follow-up, patients who underwent 3D rigid ring annuloplasty had a lower TR recurrence than those who underwent suture annuloplasty [OR = 0.26; 95% CI (0.13, 0.50); p < 0.05]. The early incidence of low cardiac output syndrome [OR = 0.30; 95% CI (0.15, 0.63); p < 0.05] and respiratory complications [OR = 0.30; 95% CI (0.15, 0.63); p < 0.05] in the 3D rigid ring group was lower than that of suture annuloplasty, and there was little divergence in other early complications (as shown in Figures 9–12).





DISCUSSION

Pathological TR is more often secondary due to right ventricle (RV) dysfunction following pressure and/or volume overload in the presence of structurally normal leaflets (44). A large number of studies have found that the incidence of TR is high after cardiac surgery. In a study by Yilmaz et al. (45), progression of TR occurred in 67% of patients with rheumatic mitral valve (MV) disease after MV replacement (15) and in 74% of patients with ischemic mitral regurgitation (MR) after MV repair (46). In a study assessing the progression of TR in patients undergoing MV repair for functional MR in dilated cardiomyopathy, 18% of patients without TVA developed late TR progression. Patients with severe TR after MV replacement usually have a poor outcome after TV surgery. The perioperative mortality rate is 11–20%, even as high as 50% (47, 48). The tricuspid annulus and the mitral annulus are very close in anatomical position, and the movement of the tricuspid annulus may be affected by the mitral annulus (49). Studies have suggested that the imbalance of cardiac fiber skeleton stability may be an initiating factor of TR. After MV operation, although the artificial valve is still “normally” opened and closed, the fibrous skeleton between the MV device and the TV device has difficulty in maintaining the stability due to the destruction of cardiac biomechanics. The relatively strong movement of the TV device causes the annulus to gradually expand, which may eventually lead to TR (50). Tricuspid annuloplasty is accepted as the standard technique for correcting TR. However, the clinical choice of tricuspid annuloplasty has not yet been determined.

This study is a systematic review and meta-analysis to explore the efficacy of 3D rigid ring annuloplasty and other TAPs for the treatment of tricuspid regurgitation. We used the 3D rigid ring as an independent treatment method, summarized the current research status of the 3D rigid ring, and provided a reference for the clinical selection of an appropriate TAP.

In this meta-analysis, the results of the suture group collected from four studies showed that the post-operative TR grade of 3D rigid ring annuloplasty was 0.51 lower than that of suture annuloplasty, and the incidence of early postoperative complications was also lower. The 3D rigid ring showed early advantages. Compared with suture annuloplasty, the recurrent TR of 3D rigid rings within 5 years was significantly reduced, which indicated the advantages of 3D rigid rings over sutures. A meta-analysis published by Parolari A (26) in 2014 demonstrated that the all-cause mortality of ring and suture annuloplasty was similar, but the recurrent TR of ring annuloplasty remained lower, which is consistent with the results of our meta-analysis. In fact, there have been a large number of clinical studies exploring the ring and suture annuloplasty, and most of the studies supported that ring annuloplasty was better than suture. Therefore, ring annuloplasty is considered to be the standard technique for correcting TR and is widely used in clinical practice (25, 27, 28, 51). The results of this meta-analysis support 3D rigid ring annuloplasty, which has better curative effects than suture and can bring ideal early results to patients.

Over the years, ring annuloplasty has designed and implemented three types of equipment, such as soft flexible bands, standard rigid rings, and 3D rigid rings (52). The results of studies comparing the flexible band and the rigid ring (53, 54) proclaimed that both have clinically acceptable early and late mortality, and compared with the rigid ring, the total TR of the flexible band was higher. However, a network meta-analysis conducted by Yokoyama (55) did not observe a difference in the recurrence rate of TR between the two types of annuloplasty. The results indicated that there was no significant difference between the flexible band and the rigid ring approaches. We believe that these two contradictory results may be related to the spatial structure of the rigid ring, and it is necessary to explore the 3D rigid ring approach separately. Filsoufi et al. (56) suggested using a 3D rigid ring, believing that it has a three-dimensional structure, is easy to implant, and can significantly reduce FTR. Additionally, there are studies showing that the flexible band that could keep the tricuspid valve annulus in good physiological movement during the cardiac cycle is not easy to split and has an excellent effect (57). In this meta-analysis, the results of the flexible band group from five studies showed that the postoperative TR grade of 3D rigid ring annuloplasty was 0.12 lower than that of the flexible band overall, while the operation time was longer, with an average of 8.54 min longer. Apart from this, there were no significant differences between the other results. In other words, the 3D rigid ring was only slightly stronger than the flexible band in reducing the TR ability, and there was no advantage in other aspects. The results of our research did not support the claim that the 3D rigid ring was superior to the flexible band due to the three-dimensional structure. In addition, considering the economic burden of patients, the cost of 3D rigid ring annuloplasty is generally higher than that of flexible band annuloplasty, while the early and long-term effects of the two procedures are similar to those of patients. It seems that a flexible band should be recommended to patients.

We searched all the available literature, and we did not find studies comparing the 3D rigid ring annuloplasty with Kay annuloplasty. Jung et al. (58) compared the early efficacy of Edwards MC3 annuloplasty ring and Tri-Ad Adams tricuspid ring (Tri-Ad; Medtronic, Minneapolis, MN, USA) in repairing the tricuspid valve in 2018, and its results indicated that the two have similar effects in the treatment of TR. The Tri-Ad ring, which consists of a large open area to protect the conduction system and flexible ends combined with a 3D semirigid midportion could not be categorized, so it was not included.

In clinical practice, treating or interfering with TV insufficiency has become an inevitable procedure after left-sided heart surgery because the progression of TR increases postoperative mortality and ultimately defeats the purpose of corrective heart surgery. Significant TR occurring late after left heart surgery is observed in up to 40% of patients, with a median survival of 5 years (59). An increase of >2 grades in TR with respect to preoperative echocardiography is reported in ~50% of patients who undergo isolated MV repair (15, 60). The latest ESC/EACTS (17) and ACC/AHA (61) guidelines both agree that patients undergoing left valve surgery should be treated for severe TR. For patients with mild or moderate TR with a dilated annulus (ECG ≥ 40 or >21 mm/m2), tricuspid annuloplasty should be considered at the same time. A recent meta-analysis (62) supports this view, which shows that patients with mild to moderate TR undergoing tricuspid annuloplasty during MV repair can significantly reduce all-cause mortality and cardiovascular death. Safe and effective TAP is the focal point for the effective treatment of heart valve disease.

Observational studies have compared different TAPs, but no randomized trials have yet been conducted. Although most surgeons currently believe that the 3D rigid ring annuloplasty is more durable and is associated with better long-term and event-free survival, there is still a lack of high-quality evidence (20, 63). This systematic review explored the efficacy of 3D rigid ring annuloplasty and other tricuspid annuloplasties in the treatment of TR. Compared with sutures, the 3D rigid ring holds obvious advantages. Its early effect is better than that of sutures, and it has an acceptable early mortality rate. Both 3D rigid rings and flexible bands have good short-term effects in the treatment of TR, but the long-term effects are still uncertain. Obviously, it is necessary to further study the long-term effects of 3D rigid ring annuloplasty on TR. In addition, according to the evidence we obtained, the 3D rigid ring and the flexible band have similar effects. One of the influencing factors may be the lack of attention to TR classification in the included studies. Patients with mild, moderate, and severe TR were uniformly analyzed. Future research should consider mild/moderate TR or only tricuspid annulus expansion without TR as the research focus and explore whether the TV should be treated at the same time when left heart valve surgery is combined with the above conditions. If these issues are dealt with, then the question of what measures should be recommended should be addressed.

In recent years, TTVI has gradually developed to treat TR, and several TTVI devices have also appeared, such as the Mitra Clip NT system (64). However, these technologies are still in the development stage, and there is no evidence that percutaneous intervention for advanced TR is beneficial. Therefore, a systematic evaluation of tricuspid valvuloplasty is necessary. This meta-analysis summarizes the current status of the 3D rigid ring and provides clinical information for the surgical treatment of TR for TTVI. The 3D rigid ring annuloplasty may be used as a benchmark for evaluating the performance of TTVI to explore whether the efficacy of TTVI is comparable with that of tricuspid annuloplasty, which may be an important direction for future research on TR.



LIMITATION

Our research also has some limitations. Therefore, a large number of clinical studies are all case reports, and there is little evidence for comparison between TAPs, which leads to insufficient sample size and affects the potency of the results. Furthermore, all included studies were retrospective observational studies. Their follow-up time was inconsistent, which may have selection bias and data aggregation bias. Some of the included studies did not conduct a detailed follow-up on the postoperative status of patients; for example, the long-term TR grade and New York Heart Association (NYHA) grade of patients were not reported, which led to the inability to know whether the patients benefited from the operation. Finally, the studies report fewer long-term results whose differences may not be detected. Considering these limitations, the results of this study should be interpreted carefully. In future studies, detailed follow-up information should be collected. As a minimum requirement, the NYHA grade should be proposed or displayed during follow-up. Long-term follow-up studies are needed to verify the findings of this study in the future.



CONCLUSIONS

Compared with suture annuloplasty, the postoperative TR grade and the recurrent TR of 3D rigid ring annuloplasty are significantly reduced, which has early advantages. The 3D rigid rings provide an acceptable short-term effect similar to that of the flexible bands, and a significant difference between the approaches is not observed. Although 3D rigid rings have been widely favored in clinical applications, the existing evidence shows that they do not present significant advantages. This conclusion is based on the limited, short-term data available at the time of the study. Further research is clearly needed on the long-term effects of 3D rigid ring annuloplasty for TR.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

KY, Y-HM, and TY: conceptualization and validation. Y-HM, WW, J-GX, and JG: data collection. TY, Y-HM, S-EH, X-MX, and MJ: formal analysis. TY: funding acquisition. TY, Y-HM, JG, S-EH, and MJ: investigation. KY, Y-HM, WW, and TY: methodology. TY and Y-HM: software, supervision, and writing—original draft. TY, Y-HM, KY, JG, J-GX, X-MX, S-EH, WW, and MJ: writing—review and editing. All authors contributed to the article and approved the submitted version.



FUNDING

This work was funded by the Natural Science Foundation of Gansu Province (21JR1RA027) and the Health Industry Scientific Research Project of Gansu Province (GSWSKY2016-04).



REFERENCES

 1. Arsalan M, Walther T, Smith RL II, Grayburn PA. Tricuspid regurgitation diagnosis and treatment. Eur Heart J. (2017) 38:634–8. doi: 10.1093/eurheartj/ehv487

 2. Braunwald NS, Ross J Jr, Morrow AG. Conservative management of tricuspid regurgitation in patients undergoing mitral valve replacement. Circulation. (1967) 35 (4 Suppl):I63–9. doi: 10.1161/01.CIR.35.4S1.I-63

 3. Koelling TM, Aaronson KD, Cody RJ, Bach DS, Armstrong WF. Prognostic significance of mitral regurgitation and tricuspid regurgitation in patients with left ventricular systolic dysfunction. Am Heart J. (2002) 144:524–9. doi: 10.1067/mhj.2002.123575

 4. Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation on long-term survival. J Am Coll Cardiol. (2004) 43:405–9. doi: 10.1016/j.jacc.2003.09.036

 5. Antunes MJ, Barlow JB. Management of tricuspid valve regurgitation. Heart. (2007) 93:271–6. doi: 10.1136/hrt.2006.095281

 6. Filsoufi F, Anyanwu AC, Salzberg SP, Frankel T, Cohn LH, Adams DH. Long-term outcomes of tricuspid valve replacement in the current era. Ann Thorac Surg. (2005) 80:845–50. doi: 10.1016/j.athoracsur.2004.12.019

 7. Elgharably H, Harb SC, Kapadia S, Svensson LG, Navia JL. Transcatheter innovations in tricuspid regurgitation: navigate. Prog Cardiovasc Dis. (2019) 62:493–95. doi: 10.1016/j.pcad.2019.11.004

 8. Shiran A, Sagie A. Tricuspid regurgitation in mitral valve disease incidence, prognostic implications, mechanism, and management. J Am Coll Cardiol. (2009) 53:401–8. doi: 10.1016/j.jacc.2008.09.048

 9. Généreux P, Pibarot P, Redfors B, Mack MJ, Makkar RR, Jaber WA, et al. Staging classification of aortic stenosis based on the extent of cardiac damage. Eur Heart J. (2017) 38:3351–58. doi: 10.1093/eurheartj/ehx381

 10. Mutlak D, Lessick J, Reisner SA, Aronson D, Dabbah S, Agmon Y. Echocardiography-based spectrum of severe tricuspid regurgitation: the frequency of apparently idiopathic tricuspid regurgitation. J Am Soc Echocardiogr. (2007) 20:405–8. doi: 10.1016/j.echo.2006.09.013

 11. Topilsky Y, Khanna A, Le Tourneau T, Park S, Michelena H, Suri R, et al. Clinical context and mechanism of functional tricuspid regurgitation in patients with and without pulmonary hypertension. Circ Cardiovasc Imaging. (2012) 5:314–23. doi: 10.1161/CIRCIMAGING.111.967919

 12. Park JH, Shin SH, Lee MJ, Lee MD, Shim HI, Yoon J, et al. Clinical and echocardiographic factors affecting tricuspid regurgitation severity in the patients with lone atrial fibrillation. J Cardiovasc Ultrasound. (2015) 23:136–42. doi: 10.4250/jcu.2015.23.3.136

 13. 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. doi: 10.1016/j.athoracsur.2004.06.057

 14. De Bonis M, Lapenna E, Sorrentino F, La Canna G, Grimaldi A, Maisano F, et al. Evolution of tricuspid regurgitation after mitral valve repair for functional mitral regurgitation in dilated cardiomyopathy. Eur J Cardiothorac Surg. (2008) 33:600–6. doi: 10.1016/j.ejcts.2008.01.011

 15. Porter A, Shapira Y, Wurzel M, Sulkes J, Vaturi M, Adler Y, et al. Tricuspid regurgitation late after mitral valve replacement: clinical and echocardiographic evaluation. J Heart Valve Dis. (1999) 8:57–62.

 16. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP III, Fleisher LA, et al. 2017 AHA/ACC focused update of the 2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the American college of cardiology/American heart association task force on clinical practice guidelines. Circulation. (2017). 135:e1159–95. doi: 10.1161/CIR.0000000000000503

 17. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017 ESC/EACTS guidelines for the management of valvular heart disease. Rev Esp Cardiol. (2018) 71:110. doi: 10.1016/j.rec.2017.12.013

 18. Voci D, Pozzoli A, Miura M, Gavazzoni M, Gülmez G, Scianna S, et al. Developments in transcatheter tricuspid valve therapies. Expert Rev Cardiovasc Ther. (2019) 17:841–56. doi: 10.1080/14779072.2019.1699056

 19. Sales VL, McCarthy PM. Durability of functional tricuspid valve repair. Semin Thorac Cardiovasc Surg. (2010) 22:97–103. doi: 10.1053/j.semtcvs.2010.05.003

 20. 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) 127:674–85. doi: 10.1016/j.jtcvs.2003.11.019

 21. Kay JH, Maselli-Campagna G, Tsuji KK. Surgical treatment of tricuspid insufficiency. Ann Surg. (1965) 162:53–8. doi: 10.1097/00000658-196507000-00009

 22. Suture NG. La anuloplastia selectiva, regulable y permanente. Una técnica original para el tratamiento de la insuficiencia tricúspide [Selective, adjustable and permanent annuloplasty. An original technic for the treatment of tricuspid insufficiency]. Rev Esp Cardiol. (1972) 25:555–6. doi: 10.1016/S1134-0096(12)70015-3

 23. Ren WJ, Zhang BG, Liu JS, Qian YJ, Guo YQ. Outcomes of tricuspid annuloplasty with and without prosthetic rings: a retrospective follow-up study. J Cardiothorac Surg. (2015) 10:81. doi: 10.1186/s13019-015-0281-2

 24. Bernal JM, Pontón A, Diaz B, Llorca J, García 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. doi: 10.1161/CIRCULATIONAHA.109.894873

 25. Tang GH, 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 (1 Suppl):I577–81. doi: 10.1161/CIRCULATIONAHA.105.001263

 26. Parolari A, Barili F, Pilozzi A, Pacini D. Ring or suture annuloplasty for tricuspid regurgitation? A meta-analysis review. Ann Thorac Surg. (2014) 98:2255–63. doi: 10.1016/j.athoracsur.2014.06.100

 27. Algarni KD, Alfonso J, Pragliola C, Kheirallah H, Adam AI, Arafat AA. Long-term outcomes of tricuspid valve repair: the influence of the annuloplasty prosthesis. Ann Thorac Surg. (2021) 112:1493–500. doi: 10.1016/j.athoracsur.2020.09.038

 28. Rivera R, Duran E, Ajuria M. Carpentier's flexible ring versus De Vega's annuloplasty. A prospective randomized study. J Thorac Cardiovasc Surg. (1985) 89:196–203. doi: 10.1016/S0022-5223(19)38814-2

 29. Hata H, Fujita T, Miura S, Shimahara Y, Kume Y, Matsumoto Y, et al. Long-Term outcomes of suture vs. ring tricuspid annuloplasty for functional tricuspid regurgitation. Circ J. (2017) 81:1432–8. doi: 10.1253/circj.CJ-17-0108

 30. De Bonis M, Lapenna E, Taramasso M, Manca M, Calabrese MC, Buzzatti N, et al. Mid-term results of tricuspid annuloplasty with a three-dimensional remodelling ring. J Card Surg. (2012) 27:288–94. doi: 10.1111/j.1540-8191.2012.01443.x

 31. Starck CT, Kempfert J, Falk V. Tricuspid valve interventions: surgical techniques and outcomes. EuroIntervention. (2015) 11(Suppl. W):W128–32. doi: 10.4244/EIJV11SWA36

 32. Zhu TY, Wang JG, Meng X. Is a rigid tricuspid annuloplasty ring superior to a flexible band when correcting secondary tricuspid regurgitation? Interact Cardiovasc Thorac Surg. (2013) 17:1009–14. doi: 10.1093/icvts/ivt363

 33. Pfannmüller B, Doenst T, Eberhardt K, Seeburger J, Borger MA, Mohr FW. Increased risk of dehiscence after tricuspid valve repair with rigid annuloplasty rings. J Thorac Cardiovasc Surg. (2012) 143:1050–5. doi: 10.1016/j.jtcvs.2011.06.019

 34. Wells G. The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses. In: Symposium on Systematic Reviews: Beyond the Basics. Ottawa, ON (2014).

 35. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–5. doi: 10.1007/s10654-010-9491-z

 36. Ito H, Mizumoto T, Sawada Y, Fujinaga K, Tempaku H, Shimpo H. Determinants of recurrent tricuspid regurgitation following tricuspid valve annuloplasty during mitral valve surgery. J Card Surg. (2017) 32:237–44. doi: 10.1111/jocs.13117

 37. Izutani H, Nakamura T, Kawachi K. Flexible band versus rigid ring annuloplasty for functional tricuspid regurgitation. Heart Int. (2010) 5:e13. doi: 10.4081/hi.2010.e13

 38. Lee SI, Kim HJ, Kim JB, Jung SH, Choo SJ, Chung CH, et al. Medtronic duran AnCore versus edwards MC3 rings for tricuspid annuloplasty. Interact Cardiovasc Thorac Surg. (2017) 24:848–54. doi: 10.1093/icvts/ivx005

 39. Lin Y, Wang Z, He J, Xu Z, Xiao J, Zhang Y, et al. Efficiency of different annuloplasty in treating functional tricuspid regurgitation and risk factors for recurrence. Int J Cardiol Heart Vasc. (2014) 5:15–9. doi: 10.1016/j.ijcha.2014.10.013

 40. Wang H, Liu X, Wang X, Lv Z, Liu X, Xu P. Comparison of outcomes of tricuspid annuloplasty with 3D-rigid versus flexible prosthetic ring for functional tricuspid regurgitation secondary to rheumatic mitral valve disease. J Thorac Dis. (2016) 8:3087–95. doi: 10.21037/jtd.2016.11.97

 41. Hou XD, Ding F, Wang XK, Liu XG, Yi K, Zhang P, et al. Concomitant mitral valve replacement and tricuspid valvuloplasty for severe mitral stenosis. Eur Rev Med Pharmacol Sci. (2017) 21:3436–40.

 42. Jiang W, Long XM, Li SC, Zhong YL, He BF, Lin H. Preliminary evaluation of autologous pericardium ring for tricuspid annuloplasty: a two-year follow-up study. J Cardiothorac Surg. (2019) 14:195. doi: 10.1186/s13019-019-1017-5

 43. Sohn SH, Kim KH, Lee Y, Choi JW, Hwang HY. Long-term outcomes of rigid ring versus De Vega annuloplasty for functional tricuspid regurgitation: a propensity score-matching analysis. J Thorac Cardiovasc Surg. (2021) 161:1788–98.e5. doi: 10.1016/j.jtcvs.2019.11.049

 44. Lancellotti P, Tribouilloy C, Hagendorff A, Popescu BA, Edvardsen T, Pierard LA, et al. Scientific document committee of the european association of cardiovascular imaging. Recommendations for the echocardiographic assessment of native valvular regurgitation: an executive summary from the European association of cardiovascular imaging. Eur Heart J Cardiovasc Imaging. (2013) 14:611–44. doi: 10.1093/ehjci/jet105

 45. Yilmaz O, Suri RM, Dearani JA, Sundt TM III, Daly RC, Burkhart HM, et al. Functional tricuspid regurgitation at the time of mitral valve repair for degenerative leaflet prolapse: the case for a selective approach. J Thorac Cardiovasc Surg. (2011) 142:608–13. doi: 10.1016/j.jtcvs.2010.10.042

 46. Matsunaga A, Duran CM. Progression of tricuspid regurgitation after repaired functional ischemic mitral regurgitation. Circulation. (2005) 112(9 Suppl):I453–7. doi: 10.1161/CIRCULATIONAHA.104.524421

 47. Mangoni AA, DiSalvo TG, Vlahakes GJ, Polanczyk CA, Fifer MA. Outcome following isolated tricuspid valve replacement. Eur J Cardiothorac Surg. (2001) 19:68–73. doi: 10.1016/S1010-7940(00)00598-4

 48. Kwon DA, Park JS, Chang HJ, Kim YJ, Sohn DW, Kim KB, et al. Prediction of outcome in patients undergoing surgery for severe tricuspid regurgitation following mitral valve surgery and role of tricuspid annular systolic velocity. Am J Cardiol. (2006) 98:659–61. doi: 10.1016/j.amjcard.2006.03.047

 49. Emilsson K, Egerlid R, Nygren B. Tricuspid annulus motion and mitral annulus motion: anatomical intimacy causing a good correlation? Exp Clin Cardiol. (2005) 10:111–5.

 50. Cheng XS. Study on the pathogenesis of late tricuspid regurgitation after mitral valve surgery. Chin Circ J. (2015) 2015:932–5. doi: 10.3969/j.issn.1000-3614.2015.10.002

 51. Navia JL, Nowicki ER, Blackstone EH, Brozzi NA, Nento DE, Atik FA, et al. Surgical management of secondary tricuspid valve regurgitation: annulus, commissure, or leaflet procedure? J Thorac Cardiovasc Surg. (2010) 139:1473–82.e5. doi: 10.1016/j.jtcvs.2010.02.046

 52. Gatti G, Dell'Angela L, Morosin M, Maschietto L, Pinamonti B, Benussi B, et al. Flexible band versus rigid ring annuloplasty for functional tricuspid regurgitation: two different patterns of right heart reverse remodelling. Interact Cardiovasc Thorac Surg. (2016) 23:79–89. doi: 10.1093/icvts/ivw047

 53. Wang N, Phan S, Tian DH, Yan TD, Phan K. Flexible band versus rigid ring annuloplasty for tricuspid regurgitation: a systematic review and meta-analysis. Ann Cardiothorac Surg. (2017) 6:194–203. doi: 10.21037/acs.2017.05.05

 54. Veen KM, Etnel JRG, Quanjel TJM, Mokhles MM, Huygens SA, Rasheed M, et al. Outcomes after surgery for functional tricuspid regurgitation: a systematic review and meta-analysis. Eur Heart J Qual Care Clin Outcomes. (2020) 6:10–8. doi: 10.1093/ehjqcco/qcz032

 55. Yokoyama Y, Takagi H, Kuno T. Impact of different annuloplasty methods for tricuspid regurgitation: a network meta-analysis. Ann Thorac Surg. (2021) 111:2004–10. doi: 10.1016/j.athoracsur.2020.07.044

 56. Filsoufi F, Salzberg SP, Coutu M, Adams DH. A three-dimensional ring annuloplasty for the treatment of tricuspid regurgitation. Ann Thorac Surg. (2006) 81:2273–7. doi: 10.1016/j.athoracsur.2005.12.044

 57. Rogers JH, Bolling SF. Valve repair for functional tricuspid valve regurgitation: anatomical and surgical considerations. Semin Thorac Cardiovasc Surg. (2010) 22:84–9. doi: 10.1053/j.semtcvs.2010.05.001

 58. Jung W, Choi JW, Hwang HY, Kim KH. Early clinical outcomes of tricuspid valve repair with a Tri-Ad annuloplasty ring in comparison with the outcomes using an MC3 ring. Korean J Thorac Cardiovasc Surg. (2018) 51:92–9. doi: 10.5090/kjtcs.2018.51.2.92

 59. Taramasso M, Vanermen H, Maisano F, Guidotti A, La Canna G, Alfieri O. The growing clinical importance of secondary tricuspid regurgitation. J Am Coll Cardiol. (2012) 59:703–10. doi: 10.1016/j.jacc.2011.09.069

 60. Matsuyama K, Matsumoto M, Sugita T, Nishizawa J, Tokuda Y, Matsuo T. Predictors of residual tricuspid regurgitation after mitral valve surgery. Ann Thorac Surg. (2003) 75:1826–8. doi: 10.1016/S0003-4975(03)00028-6

 61. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, et al. 2020 ACC/AHA guideline for the management of patients with valvular heart disease: executive summary: a report of the American college of cardiology/American heart association joint committee on clinical practice guidelines. Circulation. (2021) 143:e35–71. doi: 10.1161/CIR.0000000000000932

 62. Cao JY, Wales KM, Zhao DF, Seco M, Celermajer DS, Bannon PG. Repair of less than severe tricuspid regurgitation during left-sided valve surgery: a meta-analysis. Ann Thorac Surg. (2020) 109:950–8. doi: 10.1016/j.athoracsur.2019.08.101

 63. Onoda K, Yasuda F, Takao M, Shimono T, Tanaka K, Shimpo H, et al. Long-term follow-up after Carpentier-Edwards ring annuloplasty for tricuspid regurgitation. Ann Thorac Surg. (2000) 70:796–9. doi: 10.1016/S0003-4975(00)01681-7

 64. Ho EC, Ong G, Fam NP. Transcatheter tricuspid valve intervention: a practical algorithm for patient selection. Curr Opin Cardiol. (2019) 34:164–72. doi: 10.1097/HCO.0000000000000607

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 You, Ma, Yi, Gao, Xu, Xu, He, Wang and Ji. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-09-725968-t001.jpg
References Year Country Period
3D-rigid vs. flexible
Ito et al. (36) 2017 Japan 2006.4-2015.4
Izutani et al. (37) 2010 Japan 2005.5-2007.12
Lee etal. (38) 2017 SouthKorea 2001.1-2012.12
Lin etal. (39) 2014 China 2006.1-2011.6
Wang et al. (40) 2016 China 2000.9-2013.12
3D-rigid vs. suture
Houet al. (41) 2017 China 2012.1-2015.1
Jiang etal. (42) 2019 China 2010.12-2012.12
Linetal. (39) 2014 China 2006.1-2011.6
Sohn etal. (43) 2019 SouthKorea 2003.3-2017.3
References Age (years)

3D-Rigid Control 3D-Rigid
3D-rigid vs. flexible
Ito et al. (36) 676+89 686102 22
izutanietal. (37)  72.4+10 726 11 53
Leeetal. (38) 585+£127  544+128 135
Linetal. (39) 477£163 464 £147 31
Wang et al. (40) 58+4.8 56462 29
3D-rigid vs. suture
Houetal. (41) 527142 516135 18
Jiangetal (42) 41281113 4345+ 12.18 18
Lin et al. (39) 4774163 462+ 154 31
Sohnetal. (43) 682129 606111 127

Total (1) 3D-Rigid (n) Control (n) Type of control group

98
17
581
167
106

85
69
301
435

Control

Female gender

30
18
236
52
27

20
17
128
146

41
82
21
59
60

40
35
59
204

NYHA functional class

3D-Rigid

2.44+054
292408
/
293+0.78
3.17 £ 067

27+£06
254405
293£0.78
/

57
35
370
98
46

45
34
242
231

Control

258+0.72
3.08+0.7

29078
3.15£0.66 3.47 031

Tailor flexible ring
Cosgrove-Edwards

Duran AnCore

Duran ring or cosgrove band
Cosgrove-Edwards

DeVega
DeVega
Traditional or modiified DeVega
DeVega

Pre-Operative TR grade

3D-Rigid Control

156 +0.66
268+0.7
/ 3091
3+£086

1,65+ 1.02
28+067
328£0.77
3+0.88
3.31+039

25+07 # /

2694049 216+ 145
29+078

216+ 1.46
3088
2.03+1.09

3£086
/ 1.46 £1.03

3D, Three-Dimensional: NYHA, New York heart association; TR, Tricuspid regurgitation; LVEF, Left ventricular ejection fractions.

Follow-Up(month)

3D-Rigid  Control
656216 34+128
217 3469
28(20-42) 71 (36-100)
30.6(6-66)  39.6 (6-66)
305+93 34593
32(8-45)  32(8-45)
24 24
306(6-66)  39.6 (6-66)

102 (63-141) 102 (63-141)

LVEF (mm)

3D-Rigid Control

/ VA
575+ 13 568

/ /
562+59 534+4.1
50+76 5163

522+£66 514+67
/ /

562+59 55159

664+89 673+85





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of 3D Rigid Ring Annuloplasty for Tricuspid Regurgitation: A Systematic Review and Meta-Analysis



		Introduction



		Materials and Methods



		Protocol and Registration



		Literature Search



		Inclusion and Exclusion Criteria



		Data Extraction



		Risk Assessment of Bias in Included Studies



		Statistical Analysis







		Results



		Characteristics of the Included Studies



		Baseline Characteristic Analysis



		Perioperative Characteristics and Outcomes



		3D Rigid Ring vs. Flexible Band



		3D Rigid Ring vs. Suture













		Discussion



		Limitation



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/fcvm-09-725968-g012.gif
omavsseme
Becang g st
Loncaa: ey
e rney oy

e

Ml“ .M.

o
o
o6
o2
o

<05
o
o
@05
[y S —
S

[ S ———

e —

ORERC

1005300
asqs. 0
oz020)
10,705
12000379
ao00%
ass0w 16y
15808289

asse 150
020506
oz 20)
ou ey
as0s 41
anems
o000
as0s62n
o
oz ez
assoe.e
assases
135008 3369
%0266






OPS/images/fcvm-09-725968-t002.jpg
Inclusion study Selection Comparability Outcome Total (minutes)

® @ ® ® ® ® [} ®
Ito et al. (36) % * * % * % * * 8
Wang et al. (40) e hAe % ke * * * e 8
Lin etal. (39) * * * * * * * * 8
Lee et al. (38) Ag Y * * Yeke Ag Ag Ag 9
lzutani et al. (37) * * * * hAd * * * 8
Jiang et al. (42) Ag * * * 1AS * / Ag 7
Sohn et al. (43) Ag RAe * * Yede hAg hAg Y 9
Hou et al. (41) * * Y * * * * * 8

® Representativeness of the Exposed Cohort ® Selection of the Non-Exposed Cohort ® Ascertainment of Exposure ®Demonstration That Outcome of nterest Was Not Present at
Start of Studly ® Comparabilty of Cohorts on the Basis of the Design or Analysis ® Assessment of Outcome @ Was Follow-Up Long Enough for Outcomes to Occur ® Adequacy of
Follow Up of Cohorts. The symbol ¥< indicates one point and the symbol % X indicates two points.





OPS/images/fcvm-09-725968-g011.gif
O aas Rt h ey
P
o © o om0 s wnomin
S w0 o e e
S o IS e S ——
Taatenris w
T onte 116 o1 010 3%

rowrn st 7410 01170
232anciomssuer
oo oo nom s resemis f 3
Seuaosncn T e ot
Taatenris “ n
e etsicle
Tebc ot 72075 P80
e 1oa 30w wnn e
s T 3 rom donsom -
Saossn EER T e T
Taatewris s ¢
T cn 2025010206217 0%
Tes w251 P 115
234posopentvmoratey
S s omorm —————|——
i e =4
S i oo -
S [ttt
Taatenris
et O 034 e 20
Tesowr sk 22003 P16
e ——
St R
somsn % @ om e osswan il b
Sosscn D" e sl
Tatenris »
T ch 0001 B 0817 0%
Teit oo s 2 2B 1010
238
st s u o w ;e v =
S S oW ogm non oneros =
Seaalomcn o7& e wened
Toatewrts » .
e s 00 e 1 2070 0%

s s 20398 <0000

I E e ——]





OPS/images/fcvm-09-725968-g010.gif
mr e s e e s issone ——
S8R B Cdnrien -
B o om wom e pensmam —_—
o S oo tossito —-
eoatrey T 24010 83 20 00
Ter o e 243186020
2221ccumime)
fraees 10 o s e s wes ompoanm
ey [ I g -]
S T W oa m W m Tebmm
Seessner kY B oo o iaoh s

oty T 810 O 850801001 645
oo st 22018y










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





OPS/images/fcvm-09-725968-g005.gif
s oa om0 9w
e e mia s
Sl - 5
By TaeTASE o 130,020

e e 05040

12 i)

e W on R RN
e i R
e T @ W 8
Sl P

Pewoney T dsticoe 1108 1
e e 2 036 130

-
B W% e om % %o

rosadeuirity

194K say e

e 9 0 a
e B s eg
S

ekt T 355 e 21,k 210
T e 2 1 5

Nl T 105,00 388 21 000

3% 0
& o
w0

et 211306 <36

R

o s en w om o

ey B Rt

oo

Heoten T DO 37k 000
et B 1 035

prd

Moan Difterence

w0
i 0

0opsea sy
acofioas 1o
s
it
Tesnacizon
ok

mpo.a
Sovtear e
ieaptr0sn

ntaneon
st izen
ptieied)

a0z
smisesins
e

amtomos
aisais
adeisn

asogoanam
ntouson)
aators oo
st a2
P

aragornam

e






OPS/images/fcvm-09-725968-g006.gif
054

e I8 15514 % 9155 08K
Ve WIAOB 093 6 65% 0XHIIS -,

oo Uaoseace bpetrpoyed






OPS/images/fcvm-09-725968-g003.gif
-
Femsogong
Arorcason
Mo yshecion

Puinaany o

D suro
Femdogong
Mt o ashocien

"

101079.130)
—_ 0w 35,159
— o501, 180
_ 053022129
N 302,04

osss 130

—_— om0, 169

— > ennm

- 13708210

J—— om o140






OPS/images/fcvm-09-725968-g004.gif
Pa—

[Ren———
e e
s sy

soamsan

Pressne e
oy san o)
[ ——

||}|¥ A

o

on

—_ oz0m o3,
[ aoromom
— aosomom
L exemom

anionom

— owscarsom
r amcomozm

owcomom
— @z
— owcomozn

2
]





OPS/images/fcvm-09-725968-g009.gif
S, s

27 corston e
Sty @
ooy st

e omeh sk 2413 201
212105ty 0ous)

e s 72 @ oas
S H
Hessrmsy s soone

T ek 72 330100
243t ar)

Hovo. a0 e 2
S o

ety D4k 1 P P08,
Ttk 24 §0 <0500

244wt v sty

e s woaou

e B

e o 220 0200

235pomeasne TRt

e H
o

et ek 211520 <0100

0

00

o

e s

s30t208 1505
Sotisnises

aogean 151
Swotienien

ampaon0sn
ot o
Setasien

astomoin
ianes






OPS/images/fcvm-09-725968-g007.gif
jeed W e e
Sewmmcn E T
Teiewis o 7w
Tty e 1253007 156
rraeniertibitiy
[reT—

o L
Saaoman BN EaR
T o 5
Tty e 024010080 .
L tant Ry

23080

e Te 1R
Somen EEE-T
Tt ot 07383008 0.

T on e 2180
124peteersthe sy

e "n oo
ey oo e
Shamomen ot I
Tabomoes; e 410403 e 0P 0%
e e £ 446658,
[rr——

waste SB3m
Swilomen @ ieow

et et 006 1 p-om 0.
Tt oo ek 24 G101 050

assprezon mie
aispacazy mis
S5penrag
sersivaa o7
s

1pi27 000
Tansti o
iismer s o
iR

1p2.21 200
e o
psiria o1
s B
iz

owpas,
smpn i B
Aot adn o
Tanssa o
e

assprssg o






OPS/images/fcvm-09-725968-g008.gif
o oo mow o
oo 5@ %
ey e o s
o) BT R e

tpetat T 023, O 41,0230 007, 635
Tes it ot v 2010 =056

o 9w o @ omos
oo 2 8 o % ne
ey R I
Ve ERC I
S a0 o 00

petaty T 033, o180, =30 =005, 61%
e ot thc 4572019

[Oads Rato|

aspar 1
a2
T2
omioan1se

172003
d2inonoey
assnas s
aisnaion
assio 120

Oads Ratio






OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Impact of 3D Rigid Ring Annuloplasty
for Tricuspid Regurgitation: A
Systematic Review and
Meta-Analysis





OPS/images/fcvm-09-725968-g001.gif
n
3
3
"
s
I3
"
3
o
0
n1
12
"3
4
#s
6
7
8
9
#20
21

"Tricuspid Valve Insufficiency”(Mesh]
“Tricuspid Valve Insufficiency”
“tricuspid regurgitation"

“Tricuspid Valve Regurgitation"

Trcuspid Valve Incompetencs
"Tricuspid Incompetence”
"Right atrioventricular valve regurgitation”
#1.0R #2 OR #3 OR #4 OR #5 OR #6 OR #7

"tricuspid valvoplasty”
"tricuspid valvuloplasty"
“ticuspid annuloplasty”
"tricuspid valve prosthesi
"Tricuspid valve plasty"

vicuspid valve repair”
ticuspid valve reconstruction”

"tricuspid ring annuloplasty”

™A

e

"Cardiac valve annuloplasty"

"Cardiac Valve Annuloplasty [Mesh]

#9 OR #10 OR #11 OR #12 OR #13 OR #14
OR #15 OR #16 OR #17 OR 418 OR 19
or#20

#BAND #21






OPS/images/fcvm-09-725968-g002.gif
g p——— Prep—
i pheetiions eien
- e s

— Records afte duplicatesremoved

(n=1781)
£
4 [rom— [y~
(n=1653)
Fulltextatides assessed. Fulltextartices exduded,
— with reasons
(n=19)

- Studies incudedin
aualitatie synhesis

Studies incuded in
quantiative synthesis
(meta-aalyss)
=8)

Included






