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ABSTRACT

Background: Tricuspid valve replacement (TVR) is
seldom performed in cardiac valve surgery, and there cur-
rently are no clinical guidelines as to which type of prostheses
is better in tricuspid valve position. This meta-analysis was
performed to compare the results of mechanical and biologi-
cal prostheses for TVR.

Methods: We searched the Pubmed, Cochrane, and
Embase clinical trial databases to collect all related studies
published from January 1, 2000 to July 31, 2020. A random-
effects model was used to evaluate the odds ratios (OR) and
its 95% confidence intervals (CI) of time-to-event related
effects of the surgical procedures; every study’s quality was
evaluated by the Newcastle-Ottawa Scale (NOS).

Results: A total of 13 retrospective studies, including 1453
patients were analyzed. There were no statistically differences
between mechanical and biological prostheses with respect
to prosthetic valve failure [OR = 0.84, 95% CI(0.54, 1.28),
P = 41], bleeding [OR = 0.84, 95% CI(0.54,1.28), P = .41],
reoperation [OR = 1.02, 95% CI(0.58,1.78), P = .95], early
mortality [OR = 1.35, 95% CI(0.82,2.25), P = .24] and long-
time survival [OR = 1.09, 95% CI(0.70, 1.69), P = .70], but a
significant difference can be seen in mechanical prostheses
with a higher risk of thrombosis [OR = 0.17, 95% CI(0.05,
0.60), P = .006, I = 0%].

Conclusions: In tricuspid valve position, mechani-
cal valve prostheses have a higher risk of thrombosis
than biological prostheses, but no statistical differences
between mechanical and biological prostheses with
respect to prosthetic valve failure, bleeding, reoperation,
early mortality, and long-term survival. The valve disease
and patient’s age and risk factors are the most impor-
tant considerations in the decision-making process. The
more specific conclusion needs to be further proved by
large-sample, multi-center, randomized, double-blind
and control trials.
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INTRODUCTION

TVR procedure accounts for less than 10% of all interven-
tions on the tricuspid valve [Rizzoli 1998; Ratnatunga 1998].
Most TVR cases can get satisfactory effects via implant,
prosthetic ring, or tricuspid annuloplasty [Calafiore 2011;
McCarthy 2004]. Replacement of the tricuspid valve is a nec-
essary measure in cases where annuloplasty is not possible
(infective endocarditis, Ebstein's anomaly, reoperation after
unsuccessful plastic surgery, etc.). TVR mostly is given full
consideration by the surgeon as the final treatment method
[Rizzoli 1998]. Mechanical prostheses generally are con-
sidered better durability, but relate to thrombosis, bleeding
events caused by anticoagulation, and decreased turbulence
[Rizzoli 1998; Péterffy 2001; Kaplan 2002]. Biological pros-
theses do not require long-term anticoagulation therapy and
reduce hemorrhagic events, but they are related to limited
durability and structural valve deterioration [Chang 2006].
Currently, no specific guidelines recommend the type of
prosthetic valve that will be the best choice in the tricuspid
position [Vahanian 2012]; it mostly depends on the attending
surgeon’s personal preference [Songur 2014].

The purpose of this meta-analysis is aimed at analyzing the
early and long-term outcomes of mechanical and biological
prostheses replacement options and help decide which type is
the best option for patients who need TVR.

PATIENTS AND METHODS

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Meta-Analyses (PRISMA)
statement to the Quality of Reporting of Meta-Analyses
Statement [Moher 2009]. The work has been reported
in line with PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) and AMSTAR
(Assessing the methodological quality of systematic reviews)
Guidelines. The research protocol was registered in
researchregistry (ID: reviewregistry993).

Search strategy and data extraction: Literature search was
performed through the Pubmed, Cochrane, and Embase clin-
ical trial databases to collect related studies published from
January 1, 2000 to July 31, 2020. The following search terms
were used: 1) “tricuspid valve”; 2) “replantation” OR “reim-
plantation” OR “replacement” OR “substitution”; 3) “surgery”
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Table 1. The basic characteristics

Study Year Location  Biological prostheses Mechanical prostheses Al Male/Female ratio  Age Follow-up time
Liang WT 2019 China 43 33 76 32.89% 45.7 43.3 + 21.9 months
Wiedemann D 2018 Vienna Bl 7 58 65.71% 52.8 78 £ 15.8 months
E:SZZTA 2017 Spain 81 29 110 39.53% 63.4 mean 7 years
Hwang HY 2016 Korea 15 16 31 35.90% 56 6-243 months
Mao B 2016 China 18 84 202 83.6% 42.8 range 1-22 years
Connolly HM 2015 America 159 36 195 50.3% 61 10 years
Songur CM 2014 Turkey 68 64 132 34.7% 61 12 years
Young 2013 Korea 37 55 31 55.2% 32 1-235 months
EZ‘;:?S?Z' 2013 Spain n 2% 35 25% 55.9 41 months
Cho WC 2013 Korea 45 59 104 31.7% 51.5 0-230 months
Altaani HA 2013 Alia 16 5 21 50% 52.2 2 years
Garatti A 2012 Italy 44 46 90 38.5% 53.8 1-28 years
Young H 2012 Korea 49 70 19 30.8% 53 68 + 38 months

OR “operation” OR “surgical procedures, operative” OR
“operative surgical procedures” OR “general surgery.” Search
strategies were: Search “Tricuspid Valve”[Mesh] OR tricus-
pid valve [Title/Abstract] OR tricuspid valves [Title/Abstract]
AND “Surgical Procedures, Operative”[Mesh] OR surgery
[Title/Abstract] OR operation [Title/Abstract] OR opera-
tive surgical procedures [Title/Abstract] OR general surgery
[Title/Abstract] AND “Replantation”[Mesh] OR reimplan-
tation [Title/Abstract] OR replacement [Title/Abstract] OR
substitution [Title/Abstract]. The literature obtained was
carefully reviewed by the inclusion and exclusion criteria. All
papers were limited to English language.

Selection criteria and data extraction: Papers must include
comparative data for both mechanical and biological valves
replacement surgery, RCT articles. The exclusion criteria
were: 1) No direct comparison of biological and mechanical
valves in the studies; 2) Comparison of tricuspid valve repair
and tricuspid valve replacement; 3) No related survival data
in the article; 4) The tricuspid valve replacement was not
the only intervention on the heart; 5) Letters, case reports,
comments, and meeting abstracts. Data extraction was inde-
pendently conducted by two authors, using a standardized
data collection form. Differences were decided by the senior
author. Early mortality was defined as death within the first
30 postoperative days in all studies.

Assessment of risk of bias: We used the Newcastle-Ottawa
Scale (NOS), which was recommended by the Cochrane
Manual to evaluate the risk of bias of all included studies.
Scores <5 were categorized as a high risk of bias, while >5 was
considered a low risk of bias. The results were carefully com-
pared, and disagreements were resolved by discussion.

Statistical analysis: Due to the good homogeneity of the
included studies, a fixed-effect model was used for each out-
come (prosthetic valve failure, bleeding, reoperation, early
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mortality, and long-term survival). The outcome events were
assessed by OR and 95% CI, I? was used to evaluate the het-
erogeneity of effect, I* values were less than 25%, low hetero-
geneity, I* between 25-50%, moderate heterogeneity; and I?
greater than 50%, substantial heterogeneity [Higgins 2003].
Funnel plots were used to assess publication bias when neces-
sary [Easterbrook 1991]. Statistical analyses were conducted
by Review Manager (Version 5.3 Cochrane Collaboration,
Software Update, Oxford, United Kingdom).

Based on our search terms and search strategies, the search
results were shown in Figure 1 in line with the PRISMA
flow chart. (Figure 1) A total of 13 studies [Songur 2014,
Liang 2019; Wiedemann 2018; Redondo Palacios 2017;
Hwang 2016; Mao 2016; Connolly 2015; Hwang 2014,
Rodriguez-Capitin 2013; Cho 2013; Altaani 2013; Garatti
2012; Hwang 2012] with 1453 patients were analyzed, of
which 793 patients received biological prostheses, while 660
patients received mechanical prostheses. Individual charac-
teristics of the studies can be seen in Table 1. All final selected
literature were case control retrospective studies. We used the
NOS recommended by the Cochrane Manual to evaluate all
studies. The quality NOS scores of each study are shown in
Table 2.

Reoperation: Ten studies [Songur 2014; Liang 2019;
Wiedemann 2018; Redondo Palacios 2017; Connolly 2015;
Hwang 2014; Rodriguez-Capitdn 2013; Cho 2013; Altaani
2013; Hwang 2012] reported the reoperation rate and were
included in the meta-analysis. The pooled OR estimate was
1.02 (0.58 to 1.78, P = .95, I = 0%) (Figure 2A). The results
showed the studies have good homogeneity, but no statistical
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Figure 1. Literature screening process.

significance in this meta-analysis. Regardless of mechanical
or biological prostheses after TVR, there is no difference in
the reoperation rate. In these studies, the reoperation rate of
biological valves was 1.94%-22% while mechanical prosthe-
ses were 0.83%-19.57%.

Early mortality: Seven studies [Liang 2019; Redondo
Palacios 2017; Hwang 2014; Cho 2013; Altaani 2013; Garatti
2012; Hwang 2012] reported data on early deaths after TVR.
The pooled OR estimate was 1.35(0.82 to 2.25, P = .24, I’ =
35%) (Figure 2B). The results suggested no significant differ-
ence. Early mortality after TVR was 0-23.46% for biological
valves and 3.03%-40% for mechanical valves respectively.

Long-term survival: Seven studies [Liang 2019; Wiede-
mann 2018; Redondo Palacios 2017; Rodriguez-Capitin
2013; Cho 2013; Altaani 2013; Garatti 2012] provided long-
term survival data, the pooled OR estimate was 1.09 (0.70 to
1.69, P =0.70, I* = 0%) (Figure 2C). The results showed the
studies have good homogeneity, but no statistical significance
in this meta-analysis. These seven published articles reported
long-term survival data. The 5-year, 10-year, and 15-year sur-
vival rates after biological prosthetic valve replacement were
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Figure 2. Survival hazard ratio of each study with related 95% confi-
dence limits. Small significant heterogeneity was found. A) Reoperation.
The pooled OR estimate was 1.02 (0.58 to 1.78, P = .95, I> = 0%). B)
Early mortality. The pooled OR estimate was 1.35 (0.82 to 2.25, P =
.24, 1> =35%). C) Long-term survival. The pooled OR estimate was 1.09
(0.70 to 1.69, P = .70, I* = 0%).

26.76%-81.63%, 2.08%-72.45%, and 0-58.89%, respec-
tively. For mechanical prostheses, the 5-year, 10-year, and
15-year survival rates were 24.32%-94.12%, 5.56%-81.36%,
0-67.80%, respectively. The difference in results mainly is
due to the inconsistent follow-up time and four studies did
not report the Kaplan-Meier curves.

Thromboembolism: Six studies [Songur 2014; Liang
2019; Connolly 2015; Hwang 2014; Cho 2013; Hwang 2012]
provided data on thrombosis. The pooled OR estimate was
0.17 (0.05 to0 0.60, P = 0.006, I’ = 0%) (Figure 3A). The results
were statistically significant, and the homogeneity of the lit-
erature was good. Mechanical prostheses are more prone to
thrombosis than bioprostheses. The incidence of postopera-
tive thrombosis for the mechanical and biological valve was
1.69%-7.81% and 0-2.20%, respectively.

Anticoagulant-related bleeding: Seven studies [Songur
2014; Liang 2019; Redondo Palacios 2017; Hwang 2014,
Rodriguez-Capitin 2013; Cho 2013; Hwang 2012] reported
anticoagulant-related bleeding data. The pooled OR esti-
mate was 0.84 (0.54 to 1.28, P = 0.41, I* = 26%) (Figure 3B).
There was no statistical significance. The incidence of antico-
agulation-related bleeding events in patients with biological
and mechanical valves were 0-10.29% and 3.03%-18.57%,
respectively.

Prosthetic valve failure: Three articles [Liang 2019;
Redondo Palacios 2017, Cho 2013] reported data on bio-
logical prosthetic failure, and the pooled OR estimate was
0.84 (0.54 to 1.28, P = 0.41, I* = 26%) (Figure 3C). There
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Figure 3. Survival hazard ratio of each study with related 95%
confidence limits. Small significant heterogeneity was found. A)
Thromboembolism. The pooled OR estimate was 0.17 (0.05 to 0.60,
P =.006, I> = 0%). B) Anticoagulant-related bleeding. The pooled OR
estimate was 0.84 (0.54 to 1.28, P= .41, I> = 26%). C) Prosthetic failure.
The pooled OR estimate was 0.84 (0.54 to 1.28, P = 0.41, I> = 26%).

was no statistical significance, and the homogeneity of the
literature was good. The mechanical valve and biologi-
cal prosthetic valve failure rates were 5.08%-12.12% and
7.4%-18.60%, respectively.

There still is ongoing controversy as to the type of pros-
thetic to choose in the tricuspid position [McCarthy 2004;
Gonzélez-Santos 2013]. Mechanical prosthetic valves possess
good durability and lower gradients, but there is a risk of pros-
thetic thrombosis and anticoagulation-related bleeding events.
Patients need to receive lifelong anticoagulation therapy, while
biological prosthetic valves do not require lifelong anticoagula-
tion, but the prosthetic’s lifespan is not as long as a mechani-
cal valve. For calcification of the prosthesis, structural failure,
especially in young patients, they always need to undergo redo
TVR, which is related to high morbidity and mortality.

Rizzoli et al [Rizzoli 2004] conducted a meta-analysis,
reviewing studies published from 1995 to 2004; 1160 patients
were analyzed. Liu et al [Liu 2016] also analyzed the lit-
erature and selected 22 studies, including 2630 patients
in their meta-analysis. Their findings almost were similar.
Considering this point and the improvement of surgical tech-
nology and prosthetic valve quality as well as medical stan-
dards in recent years, we searched the literature for the latest
10 years to compare progress in TVR in recent years with
previously published studies.
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Table 2. Risk of bias of the included studies using the Newcastle-Ottawa
Scale (NOS)

Reoperation is an important consideration for attending
surgeons deciding whether to use a mechanical or biological
prosthetic valve at the tricuspid position. The higher rate of
mechanical valve thrombosis in the tricuspid valve position
can be interpreted by the lower pressure of the right heart
system and the right ventricular morphology, as well as the
low prostacyclin concentration of venous blood. Songur et al
[Songur 2014] reported the whole reoperation rate was 8.3%,
and reoperation was performed on average 44.2 months after
mechanical valve replacement. The main reason was not
taking warfarin strictly, which lead to valve thrombosis, while
reoperation was performed on average 92.3 months after bio-
logical prostheses replacement, primarily for valve degenera-
tion. Similarly, Hwang et al [Hwang 2012] also reported in
the group that received a mechanical valve replacement, only
one patient underwent reoperation after 58 months due to
thrombosis. However, according to Gonzilez-Santos et al
[Gonzilez-Santos 2013], after 7-10 years, the reoperation
rate of the tricuspid valve was higher. Although there is no
significant statistical difference, mechanical prosthetic valves
have a higher incidence of thrombosis and an earlier risk of
reoperation. This phenomenon could be explained via the
different follow-up times of the two complications. There-
fore, patients receiving mechanical valves should focus on the
management of anticoagulation after surgery, and for patients
receiving biological valves, the factors of valve failure should
be reduced or even avoided, such as control of blood lipids,
blood pressure and blood sugar, make reasonable anticoagula-
tion management and so on.

Redondo Palacios et al [Redondo Palacios 2017] observed
that postoperative (excluding one endocarditis-related
patient) valve failure occurred more often in patients with
bovine pericardial prostheses than with porcine prostheses.
The main reason for this phenomenon: Bovine bioprostheses
have a closing volume, which is a small central regurgitation
jet for the stiff leaflets. Similarly, Mayo Clinic prefers por-
cine prostheses in TVR, Dearani [Dearani 2014] explained,
“In right heart, the relatively thicker and stiffer pericardial
leaflets do not open and close properly with the low opening
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and low closing pressures often combined with depressed
right ventricle function.” However, there is currently no
clinical research on the selection of bovine pericardium or
porcine pericardium prostheses specifically for the tricuspid
valve position.

With the improvement of surgical techniques, redo tri-
cuspid valve operation with a simplified, minimally inva-
sive, beating-heart technique was both feasible and safe
[Dearani 2014].

Regardless of choosing a mechanical valve or biopros-
thetic valve, the early postoperative mortality rate is equiva-
lent, and there is no statistical difference. Meanwhile, there
is no difference in early mortality between those undergoing
TVR on cardiopulmonary bypass (CPB) with the heart beat-
ing and those operated on under cardioplegic arrest [Altaani
2013]. A high operative mortality rate between 12%-26% and
this ratio is relatively constant, according to recently pub-
lished studies [Dearani 2014; Filsoufi 2005; Nakano 2001].
Previous studies have shown large perioperative furosemide
dose is associated with higher operative mortality [Hwang
2016]; postoperative low-output syndrome and liver con-
gestion with hepatic serum enzymes values (transaminases
and/or total bilirubin) two times higher than normal value
were independent predictors of in-hospital mortality [Altaani
2013]. Both of those factors indicated when the right heart
function affects the systemic blood circulation and causes the
related organs (hepatic, kidney, etc.) dysfunction, the risk of
early death is very high. It is clear right heart failure is the
main cause of death in the current published studies, i, and
this is also unanimously recognized by cardiac experts.

Long-term mortality after TVR surgery has nothing to
do with valve types, Palacios [Wiedemann 2018] reported
the long-term mortality in mechanical and biological pros-
theses were 43.60% and 34.60%, respectively, without a
significant difference (P = .31). The type of implanted valve
was not significantly associated with late mortality through
logistic regression analysis (P = .31). There was no statisti-
cal significance in survival at 5,10, and 15 years. Survival
was 73%-83%, 67%-81%, and 63%-76%, respectively, in
the mechanical group and 70%-78%, 60%-75%, and 57%-
68%, respectively, in the bioprostheses group [Hwang 2016;
Altaani 2013].

In this meta-analysis, mechanical prostheses were more
prone to thrombosis than bioprostheses in the tricuspid
valve position. This is consistent with previous studies.
Mechanical valve thrombosis occurs more frequently in the
first years postoperatively, and its incidence decreases 5 to 7
years after the operation. Rizzoli et al [Rizzoli 2004] reported
that bioprosthetic valve degeneration increased at a steeper
rate 7 years after operation. This also was confirmed by
Garatti, as valve thrombosis occurred at a mean follow-up
of 6 years and structural valve degeneration happened at an
average of 9 years after TVR [Garatti 2012].

Transcatheter tricuspid valve intervention (TTVI) for
tricuspid valve dysfunction has been applied in recent years
as an alternative therapeutic option to serve a large high-
risk population of patients undergoing severe symptom-
atic tricuspid regurgitation (TR). Although clinical data are

© 2021 Forum Multimedia Publishing, LLC

limited regarding the efficacy of TTVI to date, feasibility has
been proven by different techniques, including annuloplasty
devices, leaflet and coaptation devices, and valve replace-
ment, both in the heterotopic [Rosser 2016; Nickenig 2017]
to reduce the backflow in the venous-system and the ortho-
tropic positions. T'TVI would be a high impact strategy for
select high-risk patients with TR with diseased leaflets. This
ultimately may help to avoid a high-risk operation in patients
with highly co-morbidity conditions, including valve in valve
surgery, which contributes to those high-risk patients who
need tricuspid valve surgery for the second or even third time.

In TVR surgery, the choice between a biological valve
and mechanical valve still is inconclusive. This meta-analysis
strongly indicates the risk of thrombosis in mechanical valves
is higher. The remaining complications are not significantly
different between the two types of valves in our meta-analysis
and previously published studies. Although there are no gold
standard guidelines for the type of prosthetic valve that should
be selected in the tricuspid position, valve disease and age are
the most important factors that should be taken into consid-
eration during the decision-making process. RCTs and multi-
center research still need to be performed to decide which
prosthetic valve type would be better for TVR.

LIMITATIONS

There are several inevitable limitations in this meta-
analysis. First, we selected the last 20 years of studies, and
the selection bias was inevitable. Second, all selected studies
are retrospective. Third, since there is no unified standard,
the choice of prosthetic valves for tricuspid valve replacement
in each heart center depends on the surgeon’s preference
[Vahanian 2012]. Studies involved in the analysis have a rela-
tively short follow up. The conclusion of this meta-analysis
should be interpreted carefully, and more importantly, RCT
must be performed to decide which prosthetic valve type is

better for TVR.
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