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Abstract
Background: This study aims to determine the hemodynamic performance of double valve prostheses and its effects on long
term outcomes of tricuspid regurgitation(TR) following double valve replacement (DVR). Methods: Between January 2014September 2017, all patients undergoing concomitant aortic and mitral valve replacement with or without concomitant tricuspid valve repair at the same center were reviewed. All patients were divided into three groups according to interventions
tricuspid valve(TVI), that is no-tricuspid annuloplasty(TAP), tricuspid ring annuloplasty and tricuspid de-vega annuloplasty
(TDVA).Results: The study included 179 patients, of whom 52% were women(with mean age 51.7±13.7 years). Of 179 patients,
100 were in the no-TAP group, 39 were in the ring annuloplasty group and 40 were in the TDVA group. There was no statically
significant difference among the groups with regard to potential complications, in-hospital mortality and the survival rates. The
degree of TR decreased with TVI. The rates of moderate and severe TR were significantly lower in in the ring annuloplasty
group (P = 0.04 and 0.004). Female gender (OR = 4.0, 95%CI: 1.0-15.5, p = 0.05) and preoperative TR degree(OR = 2.9,
95%CI: 1.1-7.3, p = 0.01) were an independent predictors for the development of postoperative severe TR. Conclusion: Although
the degree of postoperative TR varies according to whether to perform a TVI, DVR can be safe due to low operative mortality
independently from TVI. The rates of moderate and severe TR were significantly lower in the ring annuloplasty group and
female gender was an independent risk factor of TR progression.

Introduction
Double valve replacement (DVR) is a more complex procedure than isolated aortic or mitral valve replacement
(1). In patients with DVR, the presence of a mitral valve prosthesis may be related to adverse effect of
aortic valve prostheses (2). Following left-sided valve surgery, left sided valve dysfunction with tricuspid
regurgitation(TR) may occur owing to the fact that progression of the rheumatic process in native heart
valves or prosthetic valve dysfunction(3). Recently, studies have shown that DVR was more strongly related to
the late severe tricuspid regurgitation (3, 4). Functional tricuspid regurgitation (TR) is usually accompanied
by mitral valve (MV) diseases, and the presence of a serious TR is associated with unfavorable prognosis
followed by mitral valve surgery (5). Tricuspid valve annuloplasty (TVA) using annuloplasty bands or rings
has more satisfactory outcomes of recurrent tricuspid regurgitation (TR) than suture annuloplasty(6–8).
It is of clinical significance to prevent late TR, since TR has negative impacts on long term morbidity and
mortality, surgical intervention of TR following mitral valve surgery results in greatly increased morbidity
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and mortality (9-11). Elevated TR after DVR is commonly encountered (12, 13), but its underlying causes
remain to be refined.
This study aims to determine the hemodynamic performance of double valve prostheses and its effects on
long term outcomes of TR following DVR.
Materials and Methods
Between January 2014 and September 2017, all patients undergoing concomitant aortic and mitral valve
replacement, double valve replacement (DVR), with or without concomitant tricuspid valve repair at the
same center were reviewed retrospectively. The inclusion criteria were only the cases who electively underwent
DVR with no other concomitant cardiac intervention except tricuspid valve repair. The exclusion criteria
were patients undergoing emergency surgery, mitral or aortic valve repair surgeries, concomitant cardiac
surgeries, patients with unstable cardiac condition, patients who required care in the intensive care unit
(ICU) before surgery and those with infective endocarditis. As a result, a total of 179 consecutive patients
were included into the study. All patients were divided into three groups according to interventions tricuspid
valve that is no-tricuspid annuloplasty (TAP), tricuspid ring annuloplasty and tricuspid de-vega annuloplasty
(TDVA).
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Surgical procedure
All surgeries were performed using aortic arterial and bi-caval venous cannulations for cardiopulmonary
bypass (CPB). Myocardial protection with mild hypothermia was achieved by intermittent antegrade cardioplegia and /or retrograde cardioplegia. While the mechanical prosthetic valve was the most commonly
used material as the artificial valve, biological prosthetic valve replacement was performed for patients with
elderly or women considering pregnancy. After the completion of aortic and mitral valve replacement, in patients undergoing TDVA, tricuspid annuloplasty was performed using double row-pledgeted stitching through
right atriotomy. Surgeon decided to technique of tricuspid intervention. When the ring annuloplasty was
planned for tricuspid valve repair we used a 3D rigid tricuspid ring for all patients. After the operation,
all patients were transferred to the cardiac intensive care unit for the postoperative management. During
the postoperative period, warfarin was recommended as a lifelong oral anticoagulant treatment to the all
patients with a mechanical prosthetic valve.
Evaluation of tricuspid regurgitation
All patients had an echocardiographic examination before and after the operation. The echocardiographic
findings were evaluated by echocardiographic cardiologists. The degree of TR was evaluated using the apical
four-chamber view on postoperative period. The severity of tricuspid regurgitation (TR) was defined as 0
for no-TR, as 1 for trivial TR, as 2 for mild TR, as 3 for moderate TR and as 4 for severe TR. Surgeons
performed to tricuspid valve intervention in TR patients who has moderate and severe TR or dilated annulus
(>_40 mm).
Outcomes and follow-up
All patients were followed-up by physical and echocardiographic examination in the postoperative period.
The valve functions and the presence of TR regurgitation were evaluated. The other outcome of interest was
to compare the groups in terms of postoperative outcomes and long-term survival rates. We included last
postoperative echocardiographic results of patients.
Statistical analyses
Statistical analyses were performed by using SPSS (Statistical Package for the Social Sciences) software.
Parametric continuous data were expressed as mean and standard deviation, while non-parametric continuous data as median and interquartile ranges. Besides the categorical data were defined as frequency and
percentage. For the independent group comparisons, one-way analysis of variance (ANOVA) was used for
parametric continuous data, while Kruskal Wallis test for non-parametric continuous data and Pearson ChiSquare test for categoric data. ‘Post Hoc tests’ were utilized for checking the analyses. For the dependent
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group comparisons, Paired sample T test was used for parametric continuous data, while Wilcoxon test for
non-parametric continuous data. To determine independent predictors for dependent variable, multivariate
logistic regression analysis was used. The appropriateness of model was tested using Backward: Wald approach. Long-term survival curves were computed using Kaplan-Meier method and Log-rank test was used
to compare survival rates of the groups. For all statistical analyses, p value less than 0.05 was defined as a
statistical significance.
Results
The study included 179 patients, of whom 52% were women (with mean age 51.7±13.7 years). Of 179 patients,
100 were in the no-TAP group, 39 were in the ring annuloplasty group and 40 were in the TDVA group. The
characteristics of the groups are shown in Table 1 . The demographic data and findings were mostly similar
among the groups. The only parameter of atrial fibrillation (AF) was significantly lower in no-TAP group
(p = 0.001). Table 2 shows preoperative echocardiographic findings.
Table 1: Preoperative Patient Characteristics
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Table 2: Preoperative Echocardiographic Findings
No-TAP group had significantly lower levels of maximum mitral gradient, PAP and degree of TR compared with the other two groups (P = 0.04, <0.001 and <0.001 respectively). Additionally, No-TAP group
had significantly shorter tricuspid valve diameter and left atrial diameter (LAD) than the other groups (P
<0.001 and 0.01). The other parameters were similar among the groups. In terms of operative findings, CPB
duration increased with tricuspid intervention. In particular, CPB duration was significantly longer in ring
annuloplasty group (P = 0.001). Looking at the postoperative outcomes (Table 3 ), there was no statically
significant difference among the groups with regard to potential complications and in-hospital mortality. On
the other hand, the durations of mechanical ventilation and ICU stay were significantly shorter in no-TAP
group (P = 0.02 and 0.001). This may possibly be related to the fact that no-TAP had shorter CPB time.
Table 3: Postoperative Outcomes
Table 4 shows postoperative echocardiographic findings. The degree of TR decreased with tricuspid intervention. Furthermore, the ring annuloplasty group had significantly lower TR degree than the other two
groups (P = 0.01). Meanwhile, the rates of moderate and severe TR were significantly lower in in the ring
annuloplasty group (P = 0.04 and 0.004). 91 of patients were rheumatic valvular pathologies and 88 of patients were degenerative valvular pathologies. Following DVR, degree of postoperative TR was not significant
difference according to ethology (p=0.05). However female patients have more rheumatic valvular pathologies
than male patients (male patients, n: 37(%43), female patients; n: 54(%58), p: 0.04).
Table 4: Postoperative Echocardiographic Findings
On the other hand, LAD was shown to be significantly larger in the TDVA group (P = 0.04). The possible
reason may be related to the fact that in the TDVA group had a large LAD before the surgery and there
was no significant regression on LAD after the surgery.
Looking at the comparison of pre- and postoperative echocardiographic findings in terms of groups it was
observed that all echocardiographic parameters mostly regressed for all groups. However, the degree of TR
did not decrease significantly in the no-TAP group (P = 0.1). In contrast, the degree of TR decreased
significantly both in the ring annuloplasty and in the TDVA groups (P <0.001 for both). BMI, degree of
preoperative TR and diameter of tricuspid annulus were not significantly difference according to gender.
As a result of multivariate analysis, no-TAP during surgery was associated with severe TR (OR = 27.5,
95%CI: 3.9-193.2, p = 0.01). In addition to this, female gender (OR = 4.0, 95%CI: 1.0-15.5, p = 0.05) and
preoperative TR degree (OR = 2.9, 95%CI: 1.1-7.3, p = 0.01) were the other independent predictors for the
development of postoperative severe TR.
In the long term, 1, 3 and 5 year survival rates for all patients were 85.5, 83.7 and 80.7% respectively. The
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survival rates in terms of procedural groups, there was no significant difference among the groups (P = 0.71,
Fig. 1 ).
Discussion
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We investigated hemodynamic performance of double valve prostheses and effects of long term outcomes of
functional TR following DVR. We found no significant difference among the groups according to potential
complications and in-hospital mortality, so DVR can be safely due to a low operative mortality irrespectively
of tricuspid valve intervention. However, the degree of postoperative TR varies according to whether to
perform tricuspid intervention. The degree of TR decreased significantly in both the ring annuloplasty and
the TDVA group, the rates of moderate and severe TR were significantly lower in the ring annuloplasty
group than others. As for the survival rates there was no significant difference among the groups. This study
found that female gender was an independent marker for the progression of TR. Also female patients have
more rheumatic valvular pathologies than male patients.
DVR with tricuspid valve surgery is related to a high mortality risk ranging from 10% and 50 %( 14). DVR
has better outcomes thanks to improvement in the technical approach of valve operations (15). Recently,
in-hospital mortality has been low regardless of concomitant tricuspid valve intervention (15-17). In this
study, the rate of in-hospital mortality was the same as that of current studies (%11 in all groups with or
without tricuspid intervention). The condition of tricuspid valve has been reported to be a significant marker
of mortality pertaining to valve in patients undergoing DVR (18-21). In this study, although in-hospital
mortality did not significantly differ among the three groups, the degree of postoperatively TR was observed
to be significantly different considering tricuspid intervention.
The presence of mitral valve prostheses in patients undergoing DVR has been put forward to have a negative
influence on the hemodynamic performance of the prosthetic aortic valve, since the movement impedes
of intervalvular fibrous structure during systole. Additionally if the mitral valve prosthesis is incorrectly
implanted, the mitral valve may interfere with the movement of the intervalvular fibrous body during systole
or may cause narrowing of the left ventricular outflow tract (LVOT) (2). Lee and colleagues that aortic
patient-prosthesis mismatch in DVR, no matter what size of mitral prosthesis was used, resulted in elevated
TR, however this did not significantly correlated with all survival rates (22). Jeong et all. found that the
postoperative aortic trans-prosthetic mean pressure gradient (TMPG) was 13.5 mm Hg for the not only
mechanical but also bio-prostheses, being the same in isolated aortic valve replacements(14). As with the
findings of the presence study, the aortic TMPG was 13.3 for both mechanical and bio-prostheses and we did
not found any differences in the development of TR according to TMPG, which was not different in either
the bio-prosthesis or the mechanical valve.
Markers of late TR after left sided valve surgery, including AF, left atrial dilatation, and impaired right ventricular function has been reported (23,24). Tricuspid valve interventions that are carried out simultaneously
with left-sided valve surgery have been suggested in patients with severe TR, however, similar interventions
in patients with less than moderate TR is challenging (25). In our study, the No-TAP group had significantly
lower levels of maximum mitral gradient, PAP and degree of TR compared with the other two groups. We
observed that the possible reason for elevated TR may be related to the TDVA group with large LAD before
the surgery and there was no significant regression on LAD after the surgery. Song et al. delineated that
female gender was an independent marker of elevated TR, which was likely assigned to the impact of a
comparatively increased frequency of rheumatic involvement in the mitral valve, such as our findings (3).
Jeong et all. found that female gender was correlated with late increased TR(14). As in our study, female
gender and preoperative degree of TR were independent markers for the progression of TR. Additionally
there were no significant differences according to BMI, degree of preoperative TR and tricuspid annulus
diameter between the male and female patients.
Lee et all. despite the high proportion of patients (83%) with rheumatic valvular pathology, this factor
showed no association with late significant TR progression in univariate analysis (22) Such as our findings.
Recently, support the strategy of correcting mild-to-moderate functional TR at the time of MV replacement
4
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to maintain TV function and improve clinical outcomes (26). In a retrospective study involving 638 patients
who had less than moderate functional TR undergoing left-side heart surgery without TV surgery, late
significant TR was detected in 7.7% of patients during a mean follow-up period of 64months(4). In another
study on the impact of TV repair for functional TR in patients undergoing MV replacement, concomitant
TV repair prevented TR progression and chronic heart failure (CHF) in patients (26). Of note, Kim and
colleagues did not show differences in survival or incidence of CHF between the repair and non-repair groups.
The discrepancies in the influence of TV repair on survival or CHF between this study and the cited studies
are probably attributable to different study populations. Inclusion of patients with severe TR may have
magnified the effect of TV repair on clinical outcomes in the cited studies (25). Presently, in the long period,
1, 3 and 5-years survival rates for all patients were 85.5(no -TAP), 83.7(Ring Ann) and 80.7% (TDVA)
respectively. ). In particular, CPB duration was significantly longer in ring annuloplasty group. Looking at
the postoperative outcomes, there was no significance difference among the groups with regard to potential
complications and in-hospital mortality.
Ring annuloplasty has been reported to be better than suture annuloplasty for the repair of TR(6). Kim et
al. found that both techniques showed similar efficacy in restoring and maintaining TV function(25). In our
study, the rates of moderate and severe TR were significantly lower in ring annuloplasty group. Looking at the
survival rates in terms of procedural groups, there was no significant difference among the groups. A durable
mitral valve repair and preservation of sinus rhythm are the keys to preventing late TR progression(27). The
present study, the only parameter of preoperative AF was significantly lower in no-TAP group.
2017 ESC/EACTS guidelines recommended; Surgery should be considered in patients with mild or moderate
secondary tricuspid regurgitation with a dilated annulus (>_40 mm or > 21 mm/m2 by 2D echocardiography) undergoing left-sided valve surgery (class 2a). Surgery may be considered in patients undergoing
left-sided valve surgery with mild or moderate secondary tricuspid regurgitation even in the absence of annular dilatation when previous recent right-heart failure has been documented (class 2b). (28). Despite, we
performed tricuspid intervention in patients with moderate and severe TR or dilated annulus (>_40 mm);
the degree of TR decreased significantly both ring annuloplasty and TDVA group and no-TAP group was
associated with severe TR on long term follow up. In addition degree of preoperative TR was independent
marker for the progression of long term TR.
Conclusion
Although the degree of postoperative TR varies according to whether to perform a tricuspid intervention,
double valve replacement can be safe due to low operative mortality independently from tricuspid valve
intervention. The severity of TR diminished significantly in both the ring annuloplasty and the TDVA
group, but the ratio of moderate and severe TR were significantly lower in the ring annuloplasty group.
In contrast to widely adopted, tricuspid intervention should be considered (especially ring annuloplasty)
in female patients who have mild to moderate TR and <40 mm annular diameter. Since our study has
a retrospective design and included observational data from a single-center with a relatively small cohort,
further prospective and multicenter studies are needed.
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