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Impact of Tricuspid Annuloplasty on Postoperative Changes in The Right Ventricular Systolic and Diastolic Function: A Retrospective Cohort Study
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ABSTRACT

Objectives: To elucidate the impact of regulation of tricuspid regurgitation (TR) using tricuspid annuloplasty on postoperative changes in right ventricular (RV) systolic and diastolic functions.
Methods: We enrolled 69 patients who underwent aortic or mitral valve surgery between July 2016 to March 2018 without recurrence. Patients with concomitant coronary artery bypass grafting or a history of previous cardiovascular surgery were excluded, remaining 45 patients enrolled. Patients were divided into 2 groups according to concomitant tricuspid annuloplasty (T: n=12 vs non-T: n=33). RV global longitudinal strain (RVGLS), RV fractional area change (RVFAC), tricuspid annular plane systolic excursion (TAPSE) and early tricuspid inflow velocity/early diastolic tricuspid annular velocity ratio (tricuspid E/e') were assessed as functional indices at preoperative, postoperative and 1-year follow-up periods.
Results: RVFAC deteriorated postoperatively but recovered at follow-up in group T, whereas that in group non-T showed gradual deterioration overtime. RVGLS and TAPSE showed similar temporary deterioration  and recovery between groups. Tricuspid E in group T increased postoperatively and showed significant difference, which was kept until follow-up period. Tricuspid e' decreased postoperatively, and recovered slightly in both groups. As a result, postoperative RV diastolic function (tricuspid E/e') showed significant difference between groups. This difference was maintained until follow-up.
Conclusions: RV systolic function deteriorated postoperatively, but there was a tendency to improve at follow-up regardless of tricuspid annuloplasty. RV diastolic function may potentially be impaired when TR was regulated by tricuspid annuloplasty.
Word counts of abstract:  232 words
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1 INTRODUCTION

Tricuspid annuloplasty concomitant with left-sided valve surgery is the gold standard for regulating functional tricuspid regurgitation (TR) 1-4. This procedure has demonstrated favorable outcomes in terms of freedom from recurrent TR. It has been clarified that untreated TR is associated with not only symptoms but also geometric and functional deterioration and mortality 5-8; therefore, the influence of tricuspid valve surgery has become the focus of investigations. However, there is no standardized method to evaluate right ventricular (RV) function, and previous reports have utilized various parameters to assess postoperative functional changes 1,3,9,10,11. Moreover, the process of functional improvement is poorly documented in the literature. To the best of our knowledge, there is no publication that has reported postoperative changes in RV systolic and diastolic functions separately, following tricuspid annuloplasty. The aim of this study was to elucidate the influences of tricuspid annuloplasty on postoperative changes in RV systolic and diastolic functions.
2 MATERIALS AND METHODS

2.1 Study Population

This retrospective cohort study was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. And the study was approved by the Research Ethics Committee in our institute (approval No. 29-7; 26th June, 2017), and was conducted in accordance with the principles of the Declaration of Helsinki. With permission from our institutional review board, we reviewed patients prospectively and retrospectively. The need for individual patient consent was waived. From July 2016 to March 2018, 103 patients underwent left-sided valve surgery. Among them, patients with primary TR, active infective endocarditis, previous pacemaker lead implantation, tricuspid valve replacement, history of previous cardiac surgery, and missing data were excluded. Among the 65 remaining patients, patients undergoing concomitant coronary artery bypass grafting were also excluded because revascularization may influence on postoperative changes of RV function. At the follow-up period, one patient developed recurrent severe MR after mitral valve repair and was also excluded. There was no recurrence of more than moderate left-sided valve disease or prosthetic valve failure in other patients. The 45 remaining patients after exclusion were enrolled. They were divided into two groups: the group T included 12 patients who underwent left-sided valve surgery with tricuspid annuloplasty and the group non-T included 33 patients without tricuspid annuloplasty. The endpoint of this study was the improvement in RV systolic and diastolic functions over time.
2.2 Data Collection and Assessment of Echocardiographic Parameters

Patient characteristics, operative and in-hospital outcomes and follow-up data were extracted from hospital electronic medical records. Preoperative, postoperative and follow-up transthoracic echocardiography data were recorded. Follow-up echocardiography was obtained between 6-months and 1-year follow-up periods (median 351 days, interquartile 221-366 days). Left and right heart parameters and TR severity were assessed. In this study, we recorded TR grade as none to trivial, mild, moderate, and severe. To assess RV function precisely, systolic and diastolic functions were evaluated separately as follows; RV global longitudinal strain (RVGLS), RV fractional area change (RVFAC), and tricuspid annular plane systolic excursion (TAPSE) were evaluated as systolic function, whereas early tricuspid inflow velocity/early diastolic tricuspid annular velocity ratio (tricuspid E/e’) was evaluated as diastolic function. In general, right heart parameters are significantly influenced by respiration because the right heart is a volume-dependent chamber. Therefore, patients were asked to stop respiration in the end-inspiration phase while right heart parameters were being recorded. The measurement method was standardized on the basis of current guidelines 12,13. Right heart parameters were obtained from a RV-focused 4-chamber view, which was available in all patients. RVGLS was obtained using the 2D speckle tracking method, excluding the septal segment. 
2.3 Surgical Procedure

All operations were performed through median sternotomy with standard cardiopulmonary bypass with mild hypothermia. Myocardial protection was achieved with antegrade and/or retrograde cold crystalloid cardioplegia. When patients had moderate or severe TR, we added tricuspid annuloplasty according to current guidelines 14,15. In addition, tricuspid annuloplasty was also considered in patients with mild TR if they had previously reported risk factors for recurrent TR, including atrial fibrillation and pulmonary hypertension 16-18.


For the 12 patients who underwent tricuspid annuloplasty, the repair was performed using Physio Tricuspid prosthetic ring (Edwards Lifescience Corporation, Irvine, CA) of sizes 26 or 28. We usually used a 28-mm ring on the principle of correcting the dilated annulus to the normal size; however, sometimes, a 26-mm ring was used according to the body surface area. Firstly, anterior-posterior and posterior-septal commissure were identified and a ring suture was placed on each commissure. Next, two or three sutures were added to the annulus of each leaflet except for the medial side of the septal annulus. Nine to eleven ring sutures were placed carefully to avoid injury to the conduction system.
2.4 Statistical Methods

Categorical variables were presented as numbers and percentages, and compared using Fisher's exact test. Continuous variables were presented as median and interquartile range, and compared using Mann Whitney U-test. We calculated the difference in echocardiographic parameters of right heart from preoperative to follow-up periods, using linear mixed models for repeated measures. We constructed the model with a random effect for patients. This model also included fixed effects for assigned treatment. Interaction terms for time by treatment were included. All analyses were conducted with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and p < 0.05 was the criterion for significance.

3 RESULTS

3.1 Patients' Characteristics

Table 1 presents the preoperative and surgical characteristics of overall patients and both groups. The median age was 70 (64-78) years and 17 (38%) of them were women. At baseline, the prevalence of atrial fibrillation tended to be higher in the group T. There was no difference in age, sex, or New York Heart Association classification between groups.


Preoperative echocardiographic data showed no significant difference in left ventricular parameters. TR parameters were more severe in the group T. In terms of RV function, TAPSE tended to be lower in the group T. There was no significant difference in the functional parameters.

There tended to be more aortic valve surgery in group non-T, whereas there were significantly more mitral valve surgery on group T. Aortic cross-clamp time was significantly longer in the group T.
3.2 Changes in Right Ventricular Functions

Table 2 and Figure 1 present the results of linear mixed model for repeated measures from preoperative to follow-up periods. In the group T, RVFAC showed transient reduction postoperatively, and recovered to the same level as that of the group non-T. Parallel changes were observed in RVGLS and TAPSE between groups over time. In the group T, the velocity of tricuspid E increased postoperatively and remained significantly higher than that of the group non-T until the follow-up period, which resulted in significant differences between groups at postoperative and follow-up periods. The velocity of tricuspid e' decreased postoperatively, and remained unchanged between the postoperative and follow-up periods in the both groups. However, there was no significant difference observed between groups. As a result, tricuspid E/e' ratio was significantly higher in the group T in the postoperative and follow-up periods. 
3.3 Changes in Tricuspid Regurgitation Grade

In the group non-T, TR severity was none-trivial in 25 patients and mild in 8 other patients when they underwent preoperative echocardiography. At the follow-up, these became none-trivial, mild, and moderate in 24, 7, and 2 patients, respectively. In the group T, TR severity was mild in 6 patients and moderate in 6 patients during preoperative echocardiography. At the follow-up, these became none-trivial, mild, and moderate in 9, 2, and 1 patients, respectively (Figure 2). The only patient with moderate TR at the follow-up in the group T underwent mitral valve replacement and tricuspid annuloplasty for severe mitral regurgitation and moderate TR. However, TR remained moderate even after the operation. 

4 DISCUSSION
4.1 Main Findings of This Study

The main findings of this study were firstly, that RV systolic function in patients with left-sided valve surgery deteriorated postoperatively but recovered at 1-year follow-up regardless of tricuspid annuloplasty, and secondly that RV diastolic function deteriorated in both groups postoperatively, remaining impaired in patients with tricuspid annuloplasty at the follow-up, while recovering in patients without tricuspid annuloplasty.


Tricuspid annuloplasty concomitant with left-sided valve surgery is commonly used to control functional TR and has shown favorable outcomes in terms of the freedom from recurrent TR 1-4. Recent reports have shown that tricuspid annuloplasty can promote improvement of RV dimension and function 1,3,5,9,19. In those studies, the parameters for RV systolic function were utilized as a representative of “RV function”. However, it remains controversial which parameter is most appropriate to evaluate RV function. On the other hand, RV diastolic function has hardly come up in the topic except for patients with repaired tetralogy of Fallot or pulmonary hypertension 20-22. To the best of our knowledge, there is no study which separately assessed RV systolic and diastolic functions in patients undergoing cardiac surgery, and this is the first study reporting changes in RV function precisely in patients with or without tricuspid annuloplasty.
4.2 Functional Changes Due to Tricuspid Annuloplasty

Mitral regurgitation and stenosis cause volume and pressure overload on the left atrium, leading to pulmonary hypertension. That becomes an afterload of the right ventricle and the RV function subsequently deteriorates 23. Aortic valve disease, similarly to mitral valve disease, impairs RV function via pulmonary hypertension 8. Moreover, with regard to aortic stenosis, a pressure overload on left ventricular wall causes hypertrophy and subsequent septal dysfunction. Right and left ventricles share the septum, therefore, septal dysfunction affects RV function with interventricular dependence 24-26. In this study, RVGLS and TAPSE changed in parallel in both groups over time. RVFAC was reduced postoperatively in the group T and showed significant difference. However, it got recovered to the same level as in the group non-T at the follow-up. Considering these results, we could not observe the effect of tricuspid annuloplasty on systolic functions. Desai et al. reported a continuous improvement of TAPSE in patients with 3+ or 4+ TR, if tricuspid annuloplasty was performed concomitantly with mitral valve repair 3. This effect persisted, and RV function recovered, up to almost normal level, at 2 to 3 years following operation. According to their study, our result might show the recovery process. Even though our result was only an early outcome, it implies that postoperative RV systolic dysfunction is temporary and reversible.


Tricuspid E/e' became significantly worse in the group T postoperatively and this significant difference was maintained until the follow-up. This result was mainly because of a sudden increase in velocity of tricuspid E. In this study, a rigid ring was implanted in all cases with tricuspid annuloplasty. The ring immobilizes the annulus to a fixed size and reduces its radial motion throughout a cardiac cycle. Tricuspid inflow passes through the ring in diastole. Although the preload of the right ventricle decreases by regulating TR, tricuspid inflow is drawn through the narrower annulus by ventricular relaxation in early diastole, and this phenomenon leads to increase in the velocity of tricuspid E. As a result, the change of tricuspid inflow presented as “diastolic dysfunction”.

Malinowski et al. reported that tricuspid annular dynamics and geometry were preserved after suture annuloplasty in acute ovine right heart failure model19. Although there are some differences in situations (animal or human research, acute or chronic heart failure, suture or ring annuloplasty), their result and ours may imply that tricuspid annuloplasty itself may not affect annular kinetics. On the contrary, the opposite result was reported in the mitral situation. Schiros et al. assessed the mitral annular motion in 35 patients undergoing mitral valve repair 27. All patients underwent annuloplasty using flexible Duran band (Medtronic, Minneapolis, MN), and underwent cardiac magnetic resonance imaging at preoperative and 1-year follow-up periods. The velocity of mitral annular motion in early diastolic phase was impaired postoperatively in all of anterior, lateral, septal and inferior portions. This results implies that the mitral e' can be impaired by annuloplasty. As early diastolic rebound of mitral annulus has significant contribution to early left ventricular filling, impairment of this process may lead to reduction of left ventricular diastolic function 28. In the present study, we utilized rigid ring in all cases, and could not observe the similar phenomenon in the right heart. Considering its unique shape of right ventricle, however, it remains to be clarified whether these results lead to the impairment of RV diastolic function by the same mechanism as the left heart.
5 LIMITATIONS

This study is limited by its observational nature, as well as the small sample size. Although echocardiographic data were reviewed prospectively, the readers could not be blinded to which procedures were performed in the postoperative and follow-up assessments. Moreover, we did not evaluate an extent of adhesion. Some concomitant procedures might cause heavy adhesion of the right atrial and ventricular wall. Next, the numbers of enrolled patients in each group were 33 and 12. The sample size was too small to adjust their baseline characteristics for statistical analyses. Atrial fibrillation, which is thought to cause TR progression or right atrial dilatation, might have had an impact on postoperative changes of the right ventricle. To elucidate suitable parameter for RV systolic function, we assessed various parameters. The annular motion can be affected by various factors including inadequate myocardial protection, epicardial adhesion, and loss of pericardial support. Therefore, if we regard TAPSE as a representative parameter of systolic function, that would potentially be misleading postoperatively. Another limitation is that we could not detect an association between RV diastolic dysfunction and clinical outcomes due to the small sample size and short follow-up period. Nevertheless, the findings of this study underscore the fact that tricuspid annuloplasty has both positive and negative effects on RV function and this is the first study to examine the precise change in RV systolic and diastolic function in patients undergoing left-sided valve surgery. There is a requirement for further studies to test our findings in a larger population in the future.
6 CONCLUSION

RV systolic function deteriorated postoperatively, but there was a tendency to improve at the follow-up period regardless of tricuspid annuloplasty, whereas diastolic function worsened in patients with tricuspid annuloplasty. RV diastolic function may potentially be impaired when TR was regulated by tricuspid annuloplasty at the time of left-sided valve surgery.
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FIGURE LEGENDS
Figure 1

Changes in right ventricular systolic and diastolic functions. The least-square means and standard error were estimated using the linear mixed model for repeated measures. The results were represented by an asterisk if there was a significant difference between groups. RVGLS, right ventricular global longitudinal strain; RVFAC right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; Tricuspid E, early tricuspid inflow velocity; Tricuspid e', early diastolic tricuspid annular velocity.
Figure 2

Changes in tricuspid regurgitation grade between preoperative and follow-up periods in both groups.
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