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Aims
This study aims to provide a contemporary overview of outcomes after tricuspid valve (TV)

surgery for functional tricuspid regurgitation (TR).

Methods and results

The literature was systematically searched for papers published between January 2005 and De-
cember 2017 reporting on clinical/echocardiographic outcomes after TV surgery for functional
TR. A random effects meta-analysis was conducted for outcome variables, and late outcomes
are visualized by pooled Kaplan—Meier curves. Subgroup analyses were performed for studies
with a within-study comparison of suture vs. ring repair and flexible vs. rigid ring repair. Eighty-
seven publications were included, encompassing 13 184 patients (mean age: 62.1 + 11.8 years,
55% females). A mitral valve procedure was performed in 92% of patients. Pooled mean follow-
up was 4.0 + 2.8 years. Pooled early mortality was 3.9% (95% Cl: 3.2—4.6), and late mortality
rate was 2.7%/year (95% Cl: 2.0-3.5), of which approximately half was cardiac-related 1.2%/
year (95% Cl: 0.8-1.9). Pooled risk of early moderate-to-severe TR at discharge was 9.4% (95%
Cl: 7.0-12.1). Late moderate-to-severe TR rate after discharge was 1.9%/year (95% Cl: 1.0-3.5).
Late reintervention rate was 0.3%/year (95% Cl: 0.2—-0.4). Mortality and overall (early and late)
TR rate were comparable between suture vs. ring annuloplasty (14 studies), whereas overall
TR rate was higher after flexible ring vs. rigid ring annuloplasty (6 studies) (7.5%/year vs. 3.9%/
year, P =0.002).

Conclusion

This study shows that patients undergoing surgery for functional tricuspid regurgitation (FTR)
have an acceptable early and late mortality. However, TR remains prevalent after surgery. The
results of this study can be used to inform patients and clinicians about the expected outcome
after surgery for FTR and can results serve as a benchmark for the performance of emerging

transcatheter TV interventions.
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INTRODUCTION

Functional tricuspid regurgitation (FTR) is the most common form of tricuspid valve (TV) disease.
Functional tricuspid regurgitation is the result of changes in the tricuspid annular geometry
caused by dilatation of the right ventricle in the absence of structural valve abnormalities.
In most, FTR is caused by left-sided heart disease and subsequent pulmonary hypertension."
Historically, FTR was believed to be benign and to resolve after the left-sided heart disease
was corrected.” However, recent research shows that FTR is an ongoing process, which can
even worsen if left untreated®™ and that the presence of TV regurgitation is associated with
impaired long-term survival.® Therefore, latest guidelines recommend TV surgery in patients
undergoing left-sided valve surgery if severe FTR is present and/or when annulus dilatation
exceeds 40mm.”® Whenever feasible, the TV is repaired with either a suture or ring annulo-
plasty. Optimal patient selection with current techniques remains controversial. Additionally,
new transcatheter technologies for treating FTR are already on the horizon.’ In this light a
comprehensive overview of both clinical and echocardiographic outcomes is warranted, which
is currently lacking in the literature. This systematic review of the literature and meta-analysis
aims to provide a contemporary overview of outcomes after surgery for FTR. Furthermore, we
analysed studies specifically addressing ring vs. suture annuloplasty and flexible vs. rigid ring

annuloplasty.

METHODS

Search strategy

To establish an overview of reported outcome, we conducted a systematic literature search ac-
cording to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.’® On 13 December 2017, Embase, Medline, Web of science, Cochrane, and Google
scholar were searched by a biomedical information specialist (search terms are available in
Supplementary material online, Text S1). The search was limited to studies that were published
after 1 January 2005. Two researchers (K.M.V. and J.R.G.E.) independently reviewed abstracts
and full texts. We included observational studies and randomized controlled trials that reported
on outcome after surgery for FTR in humans with a sample size 220 patients and were published
in English. Studies solely reporting on primary TV disease or studies with a mix of patients with
FTR and primary TV disease without extractable data on patients with FTR were excluded. In
case of multiple publications on overlapping study populations, the publication with the great-
est total follow-up in patient-years and/or overall completeness of data was included for each

outcome of interest separately. In case of disagreement, an agreement was negotiated.
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Data extraction
Microsoft Office Excel 2011 (Microsoft Corp., Redmond,WA, USA) was used for data extraction.

If total follow-up in patient-years was not reported, it was calculated by multiplying the number
of patients with the mean follow-up (or median follow-up, if the mean was not provided). Out-
comes were recorded according to the guidelines described by Akins et al.™ Early mortality was
defined as either hospital mortality or 30-day mortality. A sensitivity analyses were performed
for studies reporting 30-day mortality. Extracted baseline characteristics and outcomes are pro-
vided in Supplementary material online, Table S1. Early tricuspid regurgitation (TR) was defined
as moderate-to-severe TR at discharge echocardiogram. Late TR was defined as number of
patients that progressed from none-to-mild at discharge to moderate-to-severe at last follow-
up. Overall TR was defined as moderate-to-severe TR at last follow-up (early TR plus late TR).

Statistical analyses

Sample sized weighted pooled baseline patient and procedural characteristics were calculated.
Event risks (early) and rates (late) were pooled using inverse variance weighting. Outcomes were
pooled on a logarithmic scale, because the Shapiro—Wilk test revealed a skewed distribution
among the majority of outcomes. Outcomes were pooled in a random effects model using the
Der Simonian and Laird method to estimate the between-study variance." In case, a particular
event was reported not to occur, we assumed that 0.5 patient experienced the event for pool-
ing purposes (continuity correction). Subgroup analyses were conducted of studies comparing
ring vs. suture annuloplasty and flexible vs. rigid ring annuloplasty, in which risk ratios (RRs) and
mean differences (MDs) were calculated for baseline characteristics and outcomes, a random
model was used to pool outcomes and a fixed model was used to pool baseline characteristics."
We did not use continuity correction in subgroup analyses and if only two studies reported the
variable of interest or had zero events, no pooling of RR/MD was performed. The Cochrane Q
statistic and /? were used to assess heterogeneity. Potential causes of heterogeneity in early/
late mortality and early TR were explored by investigating the association of all baseline patient
characteristics and operative details listed in Supplementary material online, Table S3 by means
of univariable random effects meta-regression. The influence of potential publication bias on
pooled outcome was investigated by conducting sensitivity analyses by temporarily excluding
the smallest quartile (by sample size). Microsoft Office Excel 2011 was used to conduct the
random effects meta-analyses and R (Version 3.3.3, Vienna, Austria, using the Open Meta
Analyses interface) for the univariable meta-regression analyses. Comprehensive meta-analysis
(Biostat, Englewood, USA) was used to pool RRs and MDs from studies included in the subgroup
analyses. A P-value of <0.05 was considered significant.

We visualized the survival and freedom from late TR in pooled KM curves derived from
the original published KM curves using the method described by Guyot et al.”® Published
Kaplan—Meier curves were digitized and an estimate of the individual patient time-to-event

data was then extrapolated from the digitized curve co-ordinates, assuming a constant rate of
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censorship between each time point at which the number of patients at risk was specified.”
We used Engauge Digitizer 9.7 to create a list of co-ordinates of the KM curve and employed an
in-house developed algorithm written in R language (Version 3.3.3) to reconstruct the original
patient data. The mortality of the general population was obtained for the pooled median year
of intervention among included studies (2006) and for the regions that the majority of the
included study population originated from (North America, 41% of patients; Europe, 23% of
patients; and Japan 16% of patients).

RESULTS

The literature search resulted in 11 707 publications. After applying inclusion and exclusion
criteria 87 studies were included for analysis, of which 14 publications compared ring vs. suture
annuloplasty and six compared flexible vs. rigid ring annuloplasty (Figure 1) (Supplementary
material online, References S1-587). In 18 of the 87 included publications only a subgroup or
part of the outcomes could be extracted in order to prevent overlapping study populations

(Supplementary material online, Table S2).

Study and patient characteristics

Individual study characteristics are presented in Supplementary material online, Table S2.
In total, 13 184 patients with a mean age of 62.1 + 11.8 years (55% females) were included,
encompassing 41 874 patient-years of total follow-up. In total, 10 418 patients had late follow-
up, resulting in a mean pooled follow-up of 4.0 + 2.8 years. Pooled patient and procedural
characteristics are presented in Table 1. Al least one concomitant procedure was performed in

98.7% of patients, usually a mitral valve procedure (92.6%).

Clinical outcomes

Early and late outcomes are presented in Table 2. Heterogeneity was high in all outcome mea-
sures, except for late valve-related mortality, late pacemaker implantation, and reintervention
(Table 2). Unvariable meta-regression identified several potential sources of heterogeneity.
These were older mean age and higher proportion concomitant coronary artery bypass graft
(CABG) associated with higher early mortality risk; older mean age, higher proportion concomi-
tant CABG, higher CPB, and aortic cross clamp (ACC) time associated with higher late mortality
rate (Supplementary material online, Table S3). Sensitivity analysis did not reveal major changes
in pooled outcomes when studies with a sample size lower than 25th percentile were tempo-
rarily excluded, nor did 30-mortality differ from early mortality (3.9% vs. 3.9%; Supplementary
material online, Table S4). Twenty-five studies reported a Kaplan—Meier curve encompassing
7531 patients in total (Supplementary material online, References S1-525), which could be

pooled (Figure 2). Survival at 1, 3, and 8 years was 87.7%, 80.9%, and 64.5%, respectively.
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Figure 1. A flow chart of included studies.

Tricuspid regurgitation

Pooled risk of early moderate-to-severe TR is 9.4% (Table 2). Possible sources of heterogene-
ity in early TR risk were higher proportion of moderate-to-severe TR at baseline and higher
proportion of patients with diabetes (Supplementary material online, Table S3). Twenty-four

studies reported both early and late moderate-to-severe TR, of which two had to be excluded
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due to large discrepancy in number of patients with a discharge echocardiogram compared to
a follow-up echocardiogram. Pooled estimate of late TR is 1.9%/year and overall TR rate (early
and late combined) was 3.5%/year (Table 2).

In total, 18 studies presented a KM curve reporting freedom from moderate-to-severe
TR, encompassing 4138 patients in total (Figure 3A). Overall freedom from TR at 1, 3, and 5
years was 92.9%, 89.4%, and 84.9%. Seventeen studies reported a KM curve in which it was
distinguishable whether patients underwent suture or ring annuloplasty, encompassing 4046
patients in total (Figure 3B). Eight studies reported on a KM on flexible/rigid rings encompass-
ing 1727 patients

(Figure 3C).

Table 1. Pooled baseline characteristics

Age (years) 62.1+11.8 25.1-72.5 75
Female (%) 55.5 17.6-90 72
NYHA HI-IV (%) 58.5 16.1-100 47
AF (%) 60.7 20.0-100 58
> Moderate TR (%) 78.5 0.0-100 57
LVEF (%) 51.8+13.5 28.5-65.0 57
PAPs (mmHg) 48.6+14.2 35.3-76.9 42
TV repair’ (%) 98.6 0.0-100 75
Suture repair? 226 0.0-100 72
Ring repair? 77.4 0.0-100 72
TV replacement* (%) 1.4 0.0-100 75
MV procedure (%) 92.6 16.9-100 75
MV repair® 40.9 0.0-100 58
MV replacement? 59.1 0.0-100 59
AV procedure (%) 20.9 0.0-64.9 66
CABG (%) 16.6 0.0-58.8 66
CPB time (min) 148 + 61 45-256 52
ACC time (min) 101+39 35-168 47

ACC, aortic cross-clamp; AF, atrial fibrillation; AV, aortic valve; CABG, coronary artery bypass graft; CPB, cardio pulmonary
bypass; LVEF, left ventricular ejection fraction; MV, mitral valve; NYHA, New York Heart Association; PAPs, systolic pulmonary
artery pressure; TR, tricuspid regurgitation; TV, tricuspid valve.

'Percentage of patients with reported technique.

?Percentage of patient with reported TV repair.

3percentage of patient with reported MV procedure.
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Table 2. Pooled outcomes

Early outcome (%)

Early mortality 3.9 (3.2-4.6) 62.6 73
Early pacemaker implantation 3.2(2.1-5.0) 83.0 27
AKI 4.8 (3.6-6.5) 86.0 26
LCOS 7.4 (5.5-9.9) 71.8 19
Early re-exploration 5.5 (4.4-6.9) 87.1 34
Early moderate-to-severe TR 9.4 (7.0-12.3) 90.5 35
Late outcome (%/year)

All-cause mortality 2.7 (2.0-3.5) 929 46
Cardiac mortality 1.2 (0.8-1.9) 88.9 32
Valve-related mortality 0.7 (0.5-0.9) 21.0 26
Late pacemaker implantation 0.8 (0.5-1.3) 27.5 7
Late admission HF 2.1(0.8-5.4) 94.8 9
Late reintervention® 0.3 (0.2-0.4) 14.1 34
Overall moderate-to-severe TR® 3.5(2.1-6.0) 96.5 24
Late moderate-to-severe TR 1.9 (1.0-3.5) 95.1 22

AKI, acute kidney injury; HF, heart failure; LCOS, low cardiac output syndrome; TR, tricuspid regurgitation.
?Only containing tricuspid valve reinterventions.
°Combining late and early TR.

All-cause mortality
100+
80+
£ 604
g 4
S 404
@ | — Study population
20+ General population
c L L 1 L} 1
0 2 4 6 8 10
Time after TVS (years)
No. at risk

7531 5411 4013 3047 2279 753

Figure 2. Pooled Kaplan—Meier curve of overall survival (both early and late).

Suture repair vs. ring repair

In total, 14 studies focused on ring repair vs. suture repair (Supplementary material online,
References S7, S10, S12, S20, S32, S36—-S44) encompassing 1425 patients (ring) and 586 pa-
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tients (suture). Pooled baseline characteristics were comparable between patients; except for
age and pulmonary systolic artery pressure which was both higher in the ring group (Table 3).
Cardiopulmonary bypass (CPB) time of patients undergoing suture annuloplasty was on average
9.2 min shorter compared to patients undergoing ring annuloplasty (Table 4). Early mortality
risk and late mortality rate were comparable (Table 3). Furthermore, early TR, overall TR, and
late reintervention were comparable (Table 3). Only two studies reported both early and TR at
last follow-up, hence pooled late TR could not be computed. Forest plots of all outcomes are

presented in Supplementary material online, Figures S1-S7.
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Figure 3. Pooled Kaplan—Meier curve overall freedom from moderate-to-severe tricuspid regurgitation (both
early and late) (A) and with either a suture or a ring repair (B) and a flexible ring or a rigid ring (C). TR: Tricuspid
regurgitation.

Flexible vs. rigid ring repair

In total, six studies focused on flexible vs. ring repair encompassing 749 (flexible) and 745
(rigid) patients (Supplementary material online, References S13, S18, S28, S30, S35, and S36).
On average, patients receiving a rigid ring were older, had less atrial fibrillation, and were more
frequently in New York Heart Association Class IlI-IV (Table 4). cardiopulmonary bypass times

and early/late mortality and late mortality were comparable between groups (Table 4).0ne
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study reported early pacemaker implant, which was comparable (3% vs. 2%).** Three studies
reported early TR, which was comparable in all studies.”™ Overall TR rate was significantly
higher in the flexible group (7.5%/year) vs. the rigid group (3.9%/year, P=0.002) (Table 4). Late
TV re-intervention was comparable; however, only in two studies patients underwent late TV
reintervention."*® In two other studies, no TV interventions were performed.'®" Four studies
reported ring dehiscence: one study found higher incidence of ring dehiscence in the rigid ring
17-19

group,” whereas the three other studies no ring dehiscence was noted in both groups.
Forest plots of all outcomes are presented in Supplementary material online, Figures S8-S11.

Table 3. Pooled baseline characteristics and outcomes of studies with a within-study comparison of ring vs.
suture repair

Baseline characteristics

Age (years) 57.8 57.1-58.8 55.9 55.3— -1.2 -2.1to-0.3  0.010
56.5

Female 56.6 53.5-59.4 56.9 54.2— 1.02 0.96-1.09 0.564
59.6

NYHA 1=V 66.0 62.9-69.0 65.2 62.4— 1.04 0.99-1.08 0.127
67.9

AF 62.9 59.8-66.0 61.5 58.4— 0.99 0.94-1.03 0.631
64.5

LVEF (%) 50.3 49.8-50.8 46.7 46.3— 0.31 -0.40to 1.01 0.396
47.2

PAPs (mmHG) 49.5 49.0-49.9 48.3 47.8—- 1.00 0.34-1.67 0.003
48.7

> Moderate TR 76.5 73.1-79.6 77.2 73.7- 1.01 0.99-1.3 0.517
80.3

MV procedure 89.5 87.0-91.6 90.3 88.2— 1.00 0.98-1.02 0.803
92.7

AV procedure 22.2 19.6-25.0 22.3 19.8- 1.03 0.87-1.21 0.757
24.9

Outcomes

CPB time (min) 145 113-177 134 106-162 9.2 4.5-14.0 >0.001

Early mortality 2.5 2.3-4.6 2.5 1.6-39 1.21 0.75-1.96 0.427

Late mortality® 1.7 0.9-3.3 2.6 0.2-3.4 0.67 0.33-1.35 0.264

Late reintervention® 0.2 0.1-0.4 0.3 0.2-0.5 1.25 0.53-2.94 0.604

Early TR 10.2 43-228 6.8 2.8-15.3 0.82 0.61-1.01 0.179

Overall TR? 4.3 2.1-8.3 6.3 1.2-28.1 0.98 0.72-1.33 0.889

AV, aortic valve; CPB, cardiopulmonary bypass; LVEF, left ventricular ejection fraction; MD, mean difference; MV, mitral valve;
NYHA, New York Heart Association; PAPs, systolic pulmonary artery pressure; RR, risk ratio; TR, tricuspid regurgitation.
°Rate ratios instead of risk ratios.
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Table 4. Pooled baseline characteristics and outcomes of studies with a within-study comparison of flexible
ring vs. rigid ring repair

Baseline characteristics

Age 64.8 64.1-65.5 66.2 65.6-66.7 -1.02 -1.95t0  0.032
-0.09

Female 55.3 51.7-55.8 54.2 50.6-57.7 1.03  0.94-1.13 0.527

NYHA I1-IV 61.6 54.2-68.4 71.6 63.0-79.2 0.89  0.80-1.0 0.045

AF 56.1 52.0-60.0 54.0 50.1-57.8 1.13  1.04-2.81 0.005

LVEF 54.1 53.5-54.8 54.9 54.0-55.8 -0.77 -1.87to  0.167
0.32

> Moderate TR 63.2 55.7-70.1 71.1 65.0-77.5 1.02  0.98-1.07 0.304

MV procedure 88.0 83.1-91.6 90.7 86.5-93.8 0.99  0.96-1.03 0.707

AV procedure 31.6 25.2-38.7 26.4 21.0-326 113  0.82-1.55 0.456

Outcomes

CPB time 136 100-173 145 107-184  -5.5 -114t0  0.063
0.3

Early mortality 6.4 3.2-125 6.0 3.6-10.1 121  0.65-2.24 0.543

Late mortality® 4.4 0.5-28.2 3.8 1.2-11.2  1.74  0.91-3.33 0.093

Late reintervention® 0.3 0.1-0.8 0.3 0.1-0.7 —° —° —°

Early TR 3.6 1.9-6.6 2.5 0.4-125 —° —b —b

Overall TR® 7.5 2.7-19.1 3.9 1.4-105 1.83  1.24-2.74 0.002

Ring dehiscence 0.0 0.0-0.0 0.9 0.5-1.7 —r —> —b

AV, aortic valve; CPB, cardiopulmonary bypass; LVEF, left ventricular ejection fraction; MD, mean difference; MV, mitral valve;
NYHA, New York Heart Association; PAPs, systolic pulmonary artery pressure; RR, risk ratio; TR, tricuspid regurgitation.

“Rate ratios instead of risk ratios.

®No pooling attempt was made, since only two studies reported non-zero events.

DISCUSSION

In this study, we provide a comprehensive overview of outcomes after TV surgery for FTR in
the light of emerging transcatheter TV interventions. To the best of our knowledge, this is the
first comprehensive review and meta-analysis of outcomes after surgery for FTR. We noted
acceptable early and late mortality, nevertheless early and late TR remain prevalent. Subgroup
analyses revealed a significantly higher rate of overall TR of flexible rings compared to rigid
rings. The results of this study can be used to inform patient and clinicians about the expected
outcome after surgery for FTR. Furthermore, these data can be used for microsimulation mod-
els.”® In addition, these results can be used as benchmark for the performance of emerging

transcatheter TV interventions.
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Patient and study characteristics

Patient characteristics varied considerably among studies. Interestingly, some studies included

exclusively patients without moderate-to-severe FTR at baseline.”"*

These studies investigated
the ‘prophylactic’ approach of surgery for FTR in which only annular dilation is present, origi-
nally presented by Dreyfus et al.,> who proposed a cut-off of 70 mm intraoperatively, which was
later converted to 40 mm on echocardiography. Nevertheless, this concept has been debated,
especially since no specific evidence exist for 70-40 mm conversion, or the initial 70 mm cut-
off.>* Nearly all patients underwent a concomitant procedure, usually a mitral valve procedure.
This indicated that the main cause of FTR in the included studies is left-sided heart disease. In
only four studies patients underwent TV replacement for FTR, reflecting the preference for TV
repair in this population. Notwithstanding, the current consensus is that TV replacement is

preferred in case of very severe functional TR, with severe tethering.?*

Early outcomes

Early mortality is acceptable in this patient population (3.9%) and studies with higher mean age
and proportion of concomitant CABG reported higher mortality risks. Prior research has shown
that TV surgery during left-sided valve surgery does not increase perioperative risk and even
seems to protect against cardiac-related mortality compared to patients that did not undergo
concomitant TV surgery.” Early pacemaker implantation (3.2%) is comparable with other large

cohorts.”*?’

This may indicate that TV surgery does not add extra risk for pacemaker implant.
Notwithstanding, other studies identified TV surgery as risk factor for post-operative pacemaker
implant or noted high incidence of pacemaker implantation after TV surgery.”®* Jouan et al.?®
mentioned the close proximity of TV annular septal segment to the atrioventricular node may

increase the risk of damage to the latter during TV interventions.

Late outcome

Our Kaplan—Meier analysis illustrates that mortality hazard is higher in the early post-operative
period and becomes relatively stable thereafter. Compared to the general population, the
survival in the study population is impaired. This is mainly due to the early morality, but late
mortality is also higher compared to the general population. Studies with higher mean age,
higher CPB/ACC time, and higher proportion of CABG reported higher rates of late mortality.
Approximately half of the observed mortality can be attributed to cardiac causes, which is
roughly two times higher compared to the general USA population.® Late re-intervention rate
of the TV is low (0.3%/year) and little heterogeneity is present, indicating re-intervention is low

uniformly among studies.

Tricuspid regurgitation
The incidence of early moderate-to-severe TR is relatively high (9.3%) and studies with a higher

proportion moderate-to-severe TR at baseline reported higher risks of early moderate-to-
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severe TR, explaining partly the heterogeneity in this outcome. Interestingly, the type of repair
(suture vs. ring) was not associated with risk of early TR upon univariable meta-regression.
After the hospital period some patients develop late TR (1.9%/year), indicating a suboptimal
durability. This rate does not correspond to the reintervention rate, meaning that only a part
of the patients with early/late TR are reoperated. This can partly be explained by the fact that
mortality risk after re-intervention of the TV is high, especially after late referral if right ven-

tricular failure has already developed.?****

Subgroup analyses

On average there were statistically significant differences between the suture group and the
ring group [age, systolic pulmonary artery pressure (PAPs)]. Nevertheless, these differences are
small (age: 1.2 years, PAPs: 1.0 mmHg) and may not be clinically relevant. Mortality and post-
operative TR rates were comparable between ring vs. suture repair. In regard to early mortality
and TR rate, this is in disagreement with a prior meta-analysis by Parolari et al.>* focusing solely
on the comparison ring vs. suture. Several factors may have contributed to this disagreement.
Firstly, the prior meta-analysis did not exclude studies with primary TR. Secondly, the prior
metaanalysis also compared studies without a within-study comparison of suture vs. ring, and
variations in study populations between studies may have contributed to the observed differ-
ences in TR rates. Thirdly, two studies included in our TR rate analyses utilized the modified De
Vega technique, with multiple pledgets, which is associated with better outcome than classical
De Vega with two pledgets on the ends (Supplementary material online, References S12, S38,
and S40). This technique was not used in the studies included in the prior systematic review.
In studies, comparing flexible rings vs. rigid rings a higher TR rate in the flexible ring group
was noted. This is in agreement with a prior systematic review only including studies comparing

flexible rings vs. rigid rings, regardless of TV disease aetiology.*

Future perspectives

The threshold to perform concomitant TV surgery has become increasingly lower.! Indeed,
untreated TR does seem to be associated with impaired mortality. Nevertheless, prediction of
progression of TR after left-sided valve surgery remains difficult. In order to adequately address
FTR multiple approaches are possible. Firstly, one can become even more liberal in performing
concomitant TV surgery or optimize selection criteria for concomitant TV surgery by investigat-
ing longitudinal evolution of TR after left-sided valve surgery. Another approach emerges with
the rise of transcatheter TV devices. One may be more conservative during the initial left-sided
valve surgery and treat late TR using transcatheter tricuspid valve devices. Nevertheless, these
devices are still in development and no evidence exists whether late percutaneous intervention
of TR is beneficial. Future studies have to elucidate whether late transcatheter intervention is

equivalent to earlier concomitant surgical intervention.
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Limitations

This is a systematic review and meta-analysis of mainly retrospective observational studies.
Therefore, inherent limitations of pooling such studies apply to this study.*® Secondly, publica-
tion bias may be present which can potentially lead to underestimation of the estimates. We
did not assess publication bias using funnel plots, as funnel plots do not allow for meaningful
interpretation in case of absolute risk outcomes because of substantial methodological limita-
tions, which may in itself give rise to funnel plot asymmetry.”” Furthermore, heterogeneity was
present in most outcomes which may lead to inaccurate results. Nevertheless, we conducted
a thorough examination of heterogeneity by meta-regression. Linearized occurrence rates as-
sume a constant hazard over time, while in fact most of the distribution of events may be time
related.*® Therefore, a pooled KM analyses was performed, illustrating the distribution of time-
to-event. Inconsistencies in the reporting of TR and loss to echocardiographic follow-up among
the included studies may have introduced uncertainty. Unfortunately, important variables, such

as TV tethering, were not frequently reported in the primary studies.

CONCLUSION

This comprehensive systematic review with meta-analysis provides an overview of outcomes
after surgery for FTR, which is in most cases performed concomitantly to left-sided valve sur-
gery. It illustrates an acceptable early and late mortality, while early and late TR risk and rate
are still suboptimal. These results can be used as benchmark for the performance of emerging

transcatheter TV interventions.
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SUPPLEMENTARY TEXT 1: SEARCH TERMS
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Supplementary Table 1: Extracted outcome and baseline variables

Age Cardio-pulmonary bypass time

Sex Aortic clamp time

NYHA class Early mortality

Left ventricle ventricular function Early pacemaker implantation

Systolic pulmonary artery pressure Early low cardiac output syndrome

TR grade at baseline Acute kidney failure

Atrial fibrillation Early reopening

Diabetes mellitus Residual moderate-to-severe TR (= TR at discharge)
TV repair Late mortality

- Ring Cardiac mortality

o Flexible ring Valve related mortality

o Rigidring Late pacemaker implantation

- Suture repair Late admission for heart failure

o De Vega Late reintervention

o Kay Overall TR (TR at last echocardiogram)

TV replacement

- Biological prostheses

- Mechanical prostheses

MV procedure

- MV replacement

- MV repair

AV procedure

Concomitant coronary artery bypass grafting

NYHA: New York heart association, TR: tricuspid regurgitation, TV: tricuspid valve, MV: mitral valve, AV: aortic valve.
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Supplementary Table 3: Meta-regression estimates

1.62 (1.25 to 2.12)

Age 1.01 (1 to 1.01) p <0.001 p<0.001 0.9 (0.7 to 1.14) p= 0.376
1.08 (0.87 to 1.35)

Female 1(0.85 to 1.19) p= 0.962 p=0.48 1.21 (0.9 to 1.62) p=0.214
1.06 (0.9 to 1.25) p=

NYHA llI-IV 0.95 (0.84 to 1.07) p= 0.446 0.512 0.99 (0.83 to 1.19) p=0.916

Mean cohort

1.01 (1to 1.02) p= 0.172

1.42 (0.67 to 3) p=
0.360

0.99 (0.9 to 1) p= 0.095

1.11 (1.01 to 1.2) p=

Mean CPB 1.05 (1 to 1.12) p= 0.053 0.024 0.97 (0.9 to 1.06) p= 0.54
1.17 (1.04 to 1.31)

Mean ACC 1.06 (0.99 to 1.15) p= 0.083 p=0.01 0.96 (0.86 to 1.07) p= 0.476
0.70 (0.49 to 1.01) p=

Mean LVEF 0.99 (0.72 to 1.35) p= 0.942 0.058 1.17 (0.82 to 1.67) p= 0.386

Prior cardiac surgery

1.07 (0.97 to 1.19) p=0.195

1.15 (0.76 to 1.75) p=
0.511

0.9 (0.7 to 1.15) p= 0.387

0.88 (0.73 to 1.05) p=

AF 0.94 (0.84 to 1.06) p= 0.362 0.154 1(0.84 to 1.2) p= 0.969
0.76 (0.38 to 1.49) p=

Diabetes 1.34(0.91to 1.97) p=0.136 0.418 2.69 (1.16 to 6.23) p=0.02
1.12 (0.84 to 1.48) p=

MV procedure 0.94 (0.82 to 1.07) p= 0.345 0.438 1.01 (0.81 to 1.25) p=0.953

AV procedure

1.16 (1.04 to 1.3) p= 0.006

1.15 (0.95 to 1.38) p=
0.158

0.92 (0.73 to 1.15) p= 0.479

CABG

1.26 (1.09 to 1.43) p<0.001

1.54 (1.23 to 1.92) p<
0.001

0.97 (0.79 to 1.19) p= 0.777

%moderate/severe
TR at baseline

1.01 (0.92 to 1.11) p= 0.835

1.02 (0.89to 1.17) p=
0.776

1.28 (1.15 to 1.43) p= <0.001

TV repair (vs
replacement)

0.98 (0.91 to 1.05) p= 0.555

0.94 (0.84 to 1.05) p=
0.254

1.02 (0.9 to 1.16) p= 0.717

TV ring repair (vs
suture)

1.03 (0.98 to 1.08) p= 0.209

1.00 (0.93 to 1.08) p=
0.912

0.99 (0.91 to 1.06) p= 0.756
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Supplementary Table 4: Outcomes after Sensitivity analyses in which studies with sample size below 25"

quantile are excluded

Early outcome (%)

Early mortality 3.8(3.1t04.6) 1=68.9 62
30-day mortality* 3.9(3.0t05.2) ?=73.2 33
Early pacemaker implantation 3.3(2.1t05.2) I>=86.3 21
AKI 4.8 (3.5t06.6) I’=88.4 21
LCOS 6.9 (5.0t0 9.6) ’=77.4 14
Early reopening 5.4 (4.3t07.0) I>=89.7 27
Early moderate-to-severe TR 7.5(5.5t0 10.3) 17=90.5 26
Late outcome (%/y)
All-cause mortality 2.4 (1.7t03.3) 1’=94.4 34
Cardiac mortality 1.1 (0.7 to 1.8) =91.4 24
Valve related mortality 0.6 (0.4t00.8) 1?=27.7 20
Late pacemaker implantation 0.8 (0.5 to 1.5) I’=39.6 5
Late admission HF 1.7 (0.8 t03.7) 1*=89.0 8
Late reintervention® 0.3(0.2t00.4) 1=30.3 26
Overall TR** 2.8(1.9t0 4.0) 1=90.8 20
Late TR 1.6 (1.0to 2.5) I>=89.7 15
CPB time
Model  Study name Statistics for each stud Difference in means and 95% Cl
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Ren 2015 0,400 7,256 52,656 -13,822 14,622 0,055 0,956
Huang 2014 14,000 7,608 57,876 -0,911 28911 1,840 0,066
Lin 2014 5,651 1,030 1,061 3,632 7,670 5,487 0,000 -+
Murashita 2014 2,900 9,103 82,860 -14,941 20,741 0,319 0,750
Kara 2013 4,707 6,865 47,127 -8,748 18,162 0,686 0,493
Hata 2017 5,000 4,370 19,094 -3564 13,564 1,144 0,253 L
Hou 2017 15,100 2,788 7,774 9,635 20,565 5416 0,000
Ghanta 2007 27,000 11,108 123,390 5229 48,771 2,431 0,015 —
Khallaf 2016 20,000 8,019 64,296 4,284 35716 2,494 0,013 —_—
Random 9,236 2,420 5858 4,492 13,980 3,816 0,000
8,00 -4,00 0,00 4,00 8,00

Favours Ring

Favours Suture

Supplementary figure 1: Cardiopulmonary bypass time suture vs ring repair
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Early mortality (ring vs suture)

Model  Study name

Risk

ratio

Ren 2015 0,850
Huang 2014 1,397
Lin 2014 1,233
Murashita 2014 1,066
Goncu 2015 0,333
Shinn 2016 0,750
Hata 2017 1,192
Roshanali 2010 1,000
Ghanta 2007 1,766
Khallaf 2016 1,105
Random 1,214

0,907
0,713
0,752
0,969
0,496
0,703
0,802
1,000
0,194
0,950

Statistics for each study
Lower Upper

limit limit  Z-Value p-Value
0,055 13,083 -0,117
0,236 8,278 0,368
0,336 4,522 0,316
0,044 25,679 0,039
0,014 7,889 -0,681
0,171 3,293  -0,381
0,301 4,728 0,250
0,298 3,353 0,000
0,748 4171 1,297
0,047 26,032 0,062
0,752 1,960 0,794

0,427

Risk ratio and 95% CI

j

— a
i
-
<>
1

0,01 0,1 10 100

Favours Ring Favours Suture

Supplementary figure 2: Early mortality, suture vs ring repair

Late mortality (ring vs suture)

Model  Study name

Ren 2015

Murashita 2014

Kara 2013

Hata 2017
Random

Rate
ratio
0,283
0,398
0,367
1,068
0,670

Statistics for each study

Lower
limit
0,029
0,136
0,041
0,733
0,331

0,275
0,092
0,370
0,732

Upper
limit Z-Value p-Value
2,722 -1,093
1,164  -1,682
3,284 -0,896
1,556 0,342
1,354 -1,116

0,264

Rate ratio and 95% ClI

—m—
0,01 0,1 1 10 100
Favours Suture Favours Ring

Supplementary figure 3: Late mortality, suture vs ring

Residual TR continuous (ring vs suture)

Study name
Std diff Standard
in means error
Huang 2014 2,589 0,128
Murashita 2014 0,538 0,182
Hata 2017 -0,472 0,078
Khallaf 2016 0,526 0,271
0,796 0,834

Statistics for each stud
Lower Upper

Variance  limit limit  Z-Value
0,016 2,338 2840 20,203
0,033 0,181 0,894 2,957
0,006 -0,625 -0,320 -6,068
0,073 -0,005 1,057 1,942
0,695 -0,838 2430 0,954

p-Value
0,000
0,003
0,000
0,052
0,340

Std diff in means and 95% CI

-8,00 -4,00 0,00 4,00 8,00

Favours Ring Favours Suture

Supplementary figure 4: Residual TR (as continuous variable) suture vs ring
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Residual TR catagorical (ring vs suture)

Model  Study name

Huang 2014

Meng 2015

Hata 2017

Ghanta 2007

Khallaf 2016
Random

Statistics for each study

Risk Lower Upper

ratio  limit limit Z-Value p-Value
0,806 0,390 1,664 -0,584 0,559
2,860 0,120 68229 0649 0,516
0,805 0469 1381 -0,787 0,431
0,795 0520 1,215 -1,061 0,289
1,016 0,231 4469 0,021 0,983
0,817 0,608 1,097 -1,344 0,179

Risk ratio and 95% Cl

|

0,01 0,1 1 10 100

Favours Ring Favours Suture

Supplementary figure 5: Residual TR moderate-to-severe (as categorical variable), suture vs ring

Late re-intervention (ring vs suture)

Study name Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper
ratio  limit limit Z-Value p-Value
Huang 2014 2,172 0,563 8,383 1,125 0,261
Lin 2014 0,617 0,120 3,168 -0,578 0,563
Shinn 2016 1,000 0,141 7,086 0,000 1,000
Hata 2017 1,404 0,146 13,485 0,294 0,769
1,253 0,535 2,938 0,519 0,604
0,01 0, 1 10 100
Favours Ring Favours Suture
Supplementary figure 6: Late reintervention rate, suture vs ring
Overall TR rate (ring vs suture)
Model  Study name Statistics for each study Rate ratio and 95% CI
Rate Lower Upper
ratio  limit limit Z-Value p-Value
Huang2014 0947 0657 1,365 -0290 0,772 ‘ q
Meng 2015 0,350 0,014 8592 -0,643 0,520
Hata 2017 1,258 0,769 2,058 0915 0,360
Khallaf 2016 0,476 0,165 1,372 -1,374 0,170
Random 0,978 0,721 1,328 -0,140 0,889
0,01 0,1 1 10 100

Favours Suture Favours Ring

Supplementary figure 7: Overall TR rate, suture vs ring
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CPB time (flexible vs rigid ring)

Model  Study name Statistics for each study Difference in means and 95% CI

Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Lin 2014 -1,200 1,669 2,787 -4472 2,072 -0,719 0,472 .

Pfannmiiller 2012 -2,800 7,644 58,430 -17,782 12,182 -0,366 0,714 L

Gatti 2016 -11,000 7,716 59,531 -26,122 4,122 -1,426 0,154

Ito 2017 -26,000 10,645 113,316 -46,864 -5,136 -2,442 0,015 S—

Wang 2016 -6,000 3,579 12,806 -13,014 1,014 -1,677 0,094 —ilt

Random 5,526 2,972 8830 -11,350 0,298 -1,860 0,063 [ —
-8,00 -4,00 0,00 4,00 8,00
Favours flexible Favours rigid

Supplementary figure 8: Cardiopulmonary bypass time, flexible vs rigid

Early mortality (flexible vs rigid ring)

Model  Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio  limit limit Z-Value p-Value

Lin 2014 0,602 0,087 4,161 -0,514 0,607 1

Pfannmiiller 2012 1,406 0,928 2,131 1,609 0,108

lzutani 2010 4,686 0,899 24,413 1,834 0,067 =

Gatti 2016 0,556 0,193 1,598 -1,090 0,276 —

Wang 2016 1,304 0,084 20,303 0,190 0,850

Random 1,210 0,655 2,239 0,609 0,543 ’
0,01 0,1 1 10 100
Favours flexible Favours rigid

Supplementary figure 9: Early mortality, flexible vs rigid ring

Late mortality (flexible vs rigid ring)

Model  Study name Statistics for each study Rate ratio and 95% CI
Rate Lower Upper
ratio  limit limit Z-Value p-Value
lzutani 2010 0,733 0,134 4,000 -0,359 0,719 —_—
Gatti 2016 2,247 1,485 3,400 3,831 0,000 ]
Wang 2016 0,874 0,146 5229 -0,148 0,882 —_—
Random 1,742 0912 3329 1,681 0,093 ‘
0,01 0,1 1 10 100
Favours Flexible Favours Rigid

Supplementary figure 10: Late mortality, flexible vs rigid ring
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Overall TR rate (flexible vs rigid ring)

Model  Study name Statistics for each study Rate ratio and 95% ClI
Rate Lower Upper
ratio  limit limit Z-Value p-Value
lzutani 2010 3,116 1,313 7,394 2,577 0,010 ——
Gatti 2016 1,674 0490 5719 0822 0411
Ito 2017 1,878 0,791 4,458 1430 0,153
Wang 2016 1,482 0836 2629 1,346 0,178
Random 1,843 1,241 2,738 3,029 0,002 ’
0,01 0,1 1 10 100
Favours Flexible Favours Rigid

Supplementary figure 11: Overall TR rate, flexible vs rigid ring

Erasmus University Rotterdam Zo\/uap



32

Erasmus Medical Center Rotterdam

SUPPLEMENTARY REFERENCES

10.

11.

12.

13.

14.

15.

Chang BC, Song SW, Lee S, Yoo KJ, Kang MS, Chung N. Eight-Year Outcomes of Tricuspid Annulo-
plasty Using Autologous Pericardial Strip for Functional Tricuspid Regurgitation. Ann Thorac Surg.
2008;86(5):1485-93.

Chan V, Burwash IG, Lam BK, Auyeung T, Tran A, Mesana TG, et al. Clinical and Echocardiographic
Impact of Functional Tricuspid Regurgitation Repair at the Time of Mitral Valve Replacement. Ann
Thorac Surg. 2009;88(4):1209-15.

Choi JW, Kim KH, Chang HW, Jang MJ, Kim SH, Yeom SY, et al. Long-term results of annuloplasty
in trivial-to-mild functional tricuspid regurgitation during mitral valve replacement: should we
perform annuloplasty on the tricuspid valve or leave it alone?

Dreyfus GD, Corbi PJ, Chan KMJ, Bahrami T. Secondary tricuspid regurgitation or dilatation: Which
should be the criteria for surgical repair? Ann Thorac Surg. 2005;79(1):127-32.

Filsoufi F, Salzberg SP, Coutu M, Adams DH. A Three-Dimensional Ring Annuloplasty for the Treat-
ment of Tricuspid Regurgitation. Ann Thorac Surg. 2006;81(6):2273-7.

Fukunaga N, Okada Y, Konishi Y, Murashita T, Koyama T. Late outcome of tricuspid annuloplasty
using a flexible band/ring for functional tricuspid regurgitation. Circ J. 2015;79(6):1299-306.

Ghanta RK, Chen R, Narayanasamy N. Suture bicuspidization of the tricuspid valve versus ring
annuloplasty for repair of functional tricuspid regurgitation: midterm results of 237 consecutive
patients. P. Amoah Barnie, University of Cape Coast, Cape Coast, Ghana: Elsevier; 2007.

Gatti G, Dell’Angela L, Morosin M, Maschietto L, Pinamonti B, Forti G, et al. Tricuspid Annuloplasty
for Tricuspid Regurgitation Secondary to Left-Sided Heart Valve Disease: Immediate Outcomes and
Risk Factors for Late Failure. Can J Cardiol. 2016;32(6):760-6.

Gosev |, Yammine M, McGurk S, Ejiofor JI, Norman A, Ivkovic V, et al. Should Moderate-to-Severe
Tricuspid Regurgitation be Repaired During Reoperative Left-Sided Valve Procedures? Semin Thorac
Cardiovasc Surg. 2015;0.

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(10):1432-8.

Hwang HY, Kim KH, Kim KB, Ahn H. Treatment for severe functional tricuspid regurgitation: An-
nuloplasty versus valve replacement. Eur J Cardio-thorac Surg. 2014;46(2):e21-e7.

Huang X, Gu C, Men X, Zhang J, You B, Zhang H, et al. Repair of functional tricuspid regurgita-
tion: Comparison between suture annuloplasty and rings annuloplasty. Ann Thorac Surg.
2014;97(4):1286-92.

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.

Koppers G, Verhaert D, Verbrugge FH, Reyskens R, Gutermann H, Kerrebroeck CV, et al. Clinical
Outcomes After Tricuspid Valve Annuloplasty in Addition to Mitral Valve Surgery. Congestive Heart
Fail. 2013;19(2):70-6.

Maghami S, Ghoreishi M, Foster N, Dawood MY, Hobbs GR, Stafford P, et al. Undersized Rigid Non-
planar Annuloplasty: The Key to Effective and Durable Repair of Functional Tricuspid Regurgitation.
Ann Thorac Surg. 2016;0.

Erasmus University Rotterdam Za.{uu.g



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Outcomes after surgery for functional tricuspid requrgitation: a systematic review and meta-analysis

Fuchs C, Maurer G, Wollenek G, Rosenhek R, Mascherbauer J, Bonderman D, et al. Predictors of

outcome of non-ischemic mitral valve surgery. Int J Cardiol. 2013;165(1):87-92.

Navia JL, Nowicki ER, Blackstone EH, Brozzi NA. Surgical management of secondary tricuspid valve
regurgitation: annulus, commissure, or leaflet procedure? P. Amoah Barnie, University of Cape
Coast, Cape Coast, Ghana: Elsevier; 2010.

Pfannmiiller 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(5):1050-5.

Ratschiller T, Guenther T, Knappich C, Guenzinger R, Kehl V, Voss B, et al. Do transvalvular pace-
maker leads influence functional outcome after tricuspid ring annuloplasty? Eur J Cardio-thorac
Surg. 2015;48(3):363-9.

Ren WIJ, 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.

Risteski P, Monsefi N, Miskovic A, Josic T, Bala S, Salem R, et al. Triple valve surgery through a less

invasive approach: early and mid-term results.

Ro SK, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Mild-to-moderate functional tricuspid regurgita-
tion in patients undergoing mitral valve surgery. J Thorac Cardiovasc Surg. 2013;146(5):1092-7.

Zhang F, Cao W, Zhao XD, Wu JX, Xu SS, Shi KH, et al. Evolution of tricuspid regurgitation after
mitral valve surgery for patients with moderate-or-less functional tricuspid regurgitation. Heart
Surg Forum. 2012;15(3):E121-E6.

Teman NR, Huffman LC, Krajacic M, Pagani FD, Haft JW, Bolling SF. “prophylactic” tricuspid repair for
functional tricuspid regurgitation. Ann Thorac Surg. 2014;97(5):1520-4.

Yoda M, Tanabe H, Kadoma Y, Suma H. Mid-term results of tricuspid annuloplasty using the MC3

ring for secondary tricuspid valve regurgitation. Interact Cardiovasc Thorac Surg. 2011;13(1):7-10.

Chikwe J, Itagaki S, Anyanwu A, Adams DH. Impact of concomitant tricuspid annuloplasty on tri-
cuspid regurgitation, right ventricular function, and pulmonary artery hypertension after repair of
mitral valve prolapse. J Am Coll Cardiol. 2015;65(18):1931-8.

Fujita S, Arai H, Tomita M, Mizuno T, Kawaguchi S, Manabe S, et al. Proposal of a novel index for
selection of optimal annuloplasty ring size for tricuspid annuloplication. Circ J. 2013;77(10):2505-
13.

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(1):79-88.

Huang X, Gu C, Li B, Li J, Yang J, Wei H, et al. Midterm clinical and echocardiographic results of
a modified de vega tricuspid annuloplasty for repair of functional tricuspid regurgitation. Can J
Cardiol. 2013;29(12):1637-42.

Izutani H, Nakamura T, Kawachi K. Flexible band versus rigid ring annuloplasty for functional tricus-
pid regurgitation. Heart Int. 2010;5(2):64-8.

Lee H, Sung K, Kim WS, Lee YT, Park SJ, Carriere KC, et al. Clinical and hemodynamic influences of
prophylactic tricuspid annuloplasty in mechanical mitral valve replacement. J Thorac Cardiovasc
Surg. 2016;151(3):788-95.

Erasmus University Rotterdam 24\/»9\9

33



34 Erasmus Medical Center Rotterdam

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Murashita T, Okada Y, Kanemitsu H, Fukunaga N, Konishi Y, Nakamura K, et al. Long-term outcomes
of tricuspid annuloplasty for functional tricuspid regurgitation associated with degenerative mitral
regurgitation: suture annuloplasty versus ring annuloplasty using a flexible band. Ann Thorac Car-
diovasc Surg. 2014;20(6):1026-33.

Nagshband MS, Abid AR, Akhtar RP, Waheed A, Khan JS. Functional tricuspid regurgitation in rheu-
matic heart disease: Surgical options. Ann Thorac Cardiovasc Surg. 2010;16(6):417-25.

Wang J, Li Z, Zhu Q, Wu YH, Shao YF, Qin JW, et al. A modified tricuspid valve annuloplasty technique
for functional tricuspid regurgitation. Chin Med J. 2013;126(18):3534-8.

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(11):3087-95.

Lin Y, Wang Z, He J, Xu Z, Xiao J, Zhang Y, et al. Efficiency of different annuloplasty in treating func-
tional tricuspid regurgitation and risk factors for recurrence. IJC Heart Vascul. 2014;5:15-9.

Goncu T, Alur I, Gucu A, Tenekecioglu E, Toktas F, Kahraman N, et al. Clinical and echocardiographic
results of the Kalangos biodegradable tricuspid ring for moderate and severe functional tricuspid
regurgitation treatment. IntJ Clin Exp Med. 2015;8(2):2839-45.

Kara I, Koksal C, Cakalagaoglu C, Sahin M, Yanartas M, Ay Y, et al. Recurrent tricuspid insufficiency:
Is the surgical repair technique a risk factor? Tex Heart Inst J. 2013;40(1):34-41.

Shinn SH, Dayan V, Schaff HV, Dearani JA, Joyce LD, Lahr B, et al. Outcomes of ring versus suture an-
nuloplasty for tricuspid valve repair in patients undergoing mitral valve surgery. ) Thorac Cardiovasc
Surg. 2016;152(2):406-15.e3.

Meng H, Pan SW, Hu SS, Pang KJ, Hou JF, Wang H. Surgical treatment of secondary tricuspid
regurgitation: Insight derived from annulus sizes and tethering distances. Ann Thorac Surg.
2015;100(4):1238-44.

Basel H, Aydin U, Kutlu H, Dostbil A, Karadag M, Odabasi D, et al. Outcomes of De Vega versus
biodegradable ring annuloplasty in the surgical treatment of tricuspid regurgitation (mid-term
results). Heart Surg Forum. 2010;13(4):E233-7.

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.21(15):3436-40.
Roshanali F, Saidi B, Mandegar MH, Yousefnia MA, Alaeddini F. Echocardiographic approach to the
decision-making process for tricuspid valve repair. J Thorac Cardiovasc Surg. 2010;139(6):1483-7.
Khallaf AN, Saleh HZ, Elnaggar AM, Rasekh FS. Tricuspid valve repair by DeVega technique versus
ring annuloplasty in patients with functional severe tricuspid regurge. J Egypt Soc Cardio-Thorac
Surg. 2016;24(2):131-4.

Pettinari M, Bertrand P, Kerrebroeck CV, Vandervoort P, Gutermann H, Dion R. Mid-term results of
leaflet augmentation in severe tricuspid functional tethering+. 2016;0.

Meester PD, Cock DD, Bruaene ADV, Gabriels C, Buys R, Helsen F, et al. Additional tricuspid an-
nuloplasty in mitral valve surgery results in better clinical outcome. Heart. 2015;101(9):720-6.

Cao H, Chen Q, Li QZ, Chen LW, Zhang GC, Chen DZ, et al. A clinical study of thoracoscopy-assisted
mitral valve replacement concomitant with tricuspid valvuloplasty, with domestically manufactured
pipeline products for cardiopulmonary bypass. J Cardiothorac Surg. 2014;9:160.

Erasmus University Rotterdam Za.{uu.g



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Outcomes after surgery for functional tricuspid requrgitation: a systematic review and meta-analysis

He J, Shen Z, Yu Y, Huang H, Ye W, Ding Y, et al. Criteria for determining the need for surgical treat-
ment of tricuspid regurgitation during mitral valve replacement. J Cardiothorac Surg. 2012;7:27.

Li ZX, Guo ZP, Liu XC, Kong XR, Jing WB, Chen TN, et al. Surgical treatment of tricuspid regurgitation
after mitral valve surgery: a retrospective study in China. J Cardiothorac Surg. 2012;7:30.

Jouan J, Mele A, Florens E, Chatellier G, Carpentier A, Achouh P, et al. Conduction disorders after
tricuspid annuloplasty with mitral valve surgery: Implications for earlier tricuspid intervention. J
Thorac Cardiovasc Surg. 2016;151(1):99-103.

Patel S, Mathur RM, Devgarha S, Sharma D. Prophylactic tricuspid annuloplasty in patients with
dilated tricuspid annulus undergoing mitral valve replacement. Indian Journal of Thoracic and
Cardiovascular Surgery. 2016:1-7.

Calafiore AM, Gallina S, laco AL, Contini M, Bivona A, Gagliardi M, et al. Mitral Valve Surgery for
Functional Mitral Regurgitation: Should Moderate-or-More Tricuspid Regurgitation Be Treated? A
Propensity Score Analysis. Ann Thorac Surg. 2009;87(3):698-703.

Benedetto U, Melina G, Angeloni E, Refice S. Prophylactic tricuspid annuloplasty in patients with
dilated tricuspid annulus undergoing mitral valve surgery. P. Amoah Barnie, University of Cape
Coast, Cape Coast, Ghana: Elsevier; 2012.

Giamberti A, Chessa M, Ballotta A, Varrica A, Agnetti A, Frigiola A, et al. Functional tricuspid valve
regurgitation in adults with congenital heart disease: An emerging problem. J Heart Valve Dis.
2011;20(5):565-70.

Ariyoshi T, Hashizume K, Taniguchi S, Miura T, Matsukuma S, Nakaji S, et al. Which type of secondary
tricuspid regurgitation accompanying mitral valve disease should be surgically treated? Ann Thorac
Cardiovasc Surg. 2013;19(6):428-34.

Isomura T, Hirota M, Hoshino J, Fukada Y, Kondo T, Takahashi Y. Tricuspid annuloplasty with the MC3
ring and septal plication technique. Asian Cardiovasc Thorac Ann. 2015;23(1):5-10.

Kawaura H, Aoki A, Omoto T, Maruta K, lizuka H. Effect of the septal adjustment technique for
tricuspid annuloplasty with an MC3 ring. Gen Thorac Cardiovasc Surg. 2015;0.

Pradhan S, Gautam NC, Singh YM, Shakya S, Timala RB, Sharma J, et al. Tricuspid valve repair:
Devega’s tricuspid annuloplasty in moderate secondary tricuspid regurgitation. Kathmandu Univ
Med J. 2011;9(33):64-8.

Calafiore AM, laco AL, Romeo A, Scandura S, Meduri R, Varone E, et al. Echocardiographic-based
treatment of functional tricuspid regurgitation. J Thorac Cardiovasc Surg. 2011;142(2):308-13.

Jung SH, Je HG, Song JM, Choo SJ, Chung CH, Yun SC, et al. Outcomes following use of a modified
Duran ring tricuspid valve reconstruction procedure for secondary tricuspid regurgitation. Circ J.
2010;74(5):925-30.

Jeong DS, Kim KH. Tricuspid annuloplasty using the MC3 ring for functional tricuspid regurgitation.
Circ J. 2010;74(2):278-83.

Fukuda S, Gillinov AM, McCarthy PM, Matsumura Y, Thomas JD, Shiota T. Echocardiographic
Follow-up of Tricuspid Annuloplasty with a New Three-Dimensional Ring in Patients with Functional
Tricuspid Regurgitation. J Am Soc Echocardiogr. 2007;20(11):1236-42.

Navia JL, Brozzi NA, Klein AL, Ling LF, Kittayarak C, Nowicki ER, et al. Moderate tricuspid regurgita-
tion with left-sided degenerative heart valve disease: To repair or not to repair? Ann Thorac Surg.
2012;93(1):59-69.

Erasmus University Rotterdam 24\/»9\9

35



36 Erasmus Medical Center Rotterdam

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Utsunomiya H, Itabashi Y, Mihara H, Kobayashi S, De Robertis MA, Trento A, et al. Usefulness of 3D
echocardiographic parameters of tricuspid valve morphology to predict residual tricuspid regurgita-
tion after tricuspid annuloplasty. Eur Heart J Cardiovasc Imaging. 2017;18(7):809-17.

Abdelgawad A, Ramadan M, Arafat H, Abdel Aziz A. Tricuspid valve repair with Dacron band ver-
sus DeVega or segmental annuloplasty. Hospital outcome and short term results. Egypt Heart J.
2017;69(4):241-6.

Graves K, Genoni M, Haussler A, Dzemali O, Zientara A, Odavic D, et al. Tricuspid Valve Repair for the
Poor Right Ventricle: Tricuspid Valve Repair in Patients with Mild-to-Moderate Tricuspid Regurgita-
tion Undergoing Mitral Valve Repair Improves In-Hospital Outcome. 2015.

Kunova M, Frana R, Tousek F, Mokracek A, Pesl L. Tricuspid annuloplasty using DeVega modified
technique - Short-term and medium-term results. Cor Vasa. 2015;0.

Bertrand PB, Koppers G, Verbrugge FH, Mullens W, Vandervoort P, Dion R, et al. Tricuspid annu-
loplasty concomitant with mitral valve surgery: Effects on right ventricular remodeling. J Thorac
Cardiovasc Surg. 2014;147(4):1256-64.

Aykut K, Celik B, Acikel U. The transseptal approach to the mitral valve during multivalvular surgery.
J Card Surg. 2011;26(5):472-4.

Toporcer T, Luczy J, Kolesar A, Ledecky M, Sabol F. The effect of surgical access for mitral valve
surgery on incidence of atrial fibrillation and atrioventricular block. Cor Vasa. 2017;59(4):e381-e8.

Takano H, Hiramatsu M, Kida H, Uenoyama M, Horiguchi K, Yamauchi T, et al. Severe tricuspid
regurgitation after mitral valve surgery: the risk factors and results of the aggressive application of
prophylactic tricuspid valve repair. Surg Today. 2016;0:1-12.

Argenziano M, Smith CR, George |, Takayama H, Naka Y, Choi V, et al. Residual tricuspid regurgitation
following tricuspid valve repair during concomitant valve surgery worsens late survival. Heart Surg
Forum. 2015;18(6):E226-E31.

Bonis MD, 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(3):288-94.

Chen Y, Liu JH, Chan D, Sit KY, Wong CK, Ho KL, et al. Prevalence, Predictors and Clinical Outcome of
Residual Pulmonary Hypertension Following Tricuspid Annuloplasty. 2016;0.

Sharma A, Panthee N, Bajracharya SM, Rajbanshi BG, Koirala RR, Sharma J, et al. Predictors of
in-hospital mortality following mitral or double valve replacement for rheumatic heart disease.
Nepal Heart J. 2016;13(2):19-24.

Yilmaz A, Kara H, Karahan N, Goktogan T, Baltalarli A, Goksin |, et al. Modified semicircular constrict-
ing annuloplasty (Sagban’s annuloplasty) in severe functional tricuspid regurgitation: Alternative
surgical technique and its mid-term results. J Card Surg. 2006;21(2):172-5.

Grimm M, Hangler H, Kilo J, Muller LC, Ruttmann-Ulmer E. Minimally invasive mitral valve surgery

in the old patient. Eur Surg Acta Chir Austriaca. 2011;43(2):96-8.

Smid M, Cech J, Rokyta R, Roucka P, Hajek T. Mild to moderate functional tricuspid regurgitation:
Retrospective comparison of surgical and conservative treatment. Cardiol Res Pract. 2010;1(1).

Rashwan O, Nosair A, Fathy H, Mahmoud K, Omar A. Mid-term results of three dimensional an-
nuloplasty ring repair in treating functional tricuspid valve regurgitation. J Egypt Soc Cardio-Thorac
Surg. 2017.

Erasmus University Rotterdam Za.{uu.g



80.

81.

82.

83.

84.

85.

86.

87.

Outcomes after surgery for functional tricuspid requrgitation: a systematic review and meta-analysis

Verdonk C, Darmon A, Cimadevilla C, Lepage L, Raffoul R, Nataf P, et al. Is tricuspid annuloplasty
increasing surgical mortality and morbidity during mitral valve replacement? A single-centre experi-

ence.

Ada F, Ucanok K, Akar AR, Inan MB, Durdu S, Sirlak M, et al. Effects of preoperative tricuspid valve
diameters on early postoperative surgical outcomes in patients undergoing tricuspid valve surgery.
Heart Surg Forum. 2017;20(4):E142-E6.

Song S, Bai C, Zhou J. Effects of mitral valve replacement concomitant with tricuspid annuloplasty
on mild tricuspid valve insufficiency. Int J Clin Exp Med. 2016;9(11):22062-8.

Yeates A, Marwick T, Deva R, Mundy J, Wood A, Griffin R, et al. Does moderate tricuspid regurgita-
tion require attention during mitral valve surgery? ANZ J Surg. 2014;84(1):63-7.

Jeong DS, Park PW, Sung K, Kim WS, Lee YT. Determinants of Late Tricuspid Regurgitation After
Aortic-Mitral Double Valve Replacement. Am J Cardiol. 2017.

Pfannmuller B, Davierwala P, Hirnle G, Borger MA, Misfeld M, Garbade J, et al. Concomitant tri-
cuspid valve repair in patients with minimally invasive mitral valve surgery. Ann cardiothorac surg.
2013;2(6):758-64.

Kim KH, Lee W, Kim HK, Choi JW, Ahn H, Kim KB, et al. Changes in right ventricular volume and
function after tricuspid valve surgery: Tricuspid annuloplasty vs. Tricuspid valve replacement. Circ J.
2016;80(5):1142-7.

Di Mauro M, Foschi M, Tancredi F, Guarracini S, Di Marco M, Habib AM, et al. Additive and inde-
pendent prognostic role of abnormal right ventricle and pulmonary hypertension in mitral-tricuspid
surgery. Int J Cardiol. 2017.

Erasmus University Rotterdam 24\/»9\9

37



