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Abstract: Background: Mechanical prostheses and bioprosthetic prostheses have their own advan-
tages and disadvantages. Mechanical ones are recommended for younger patients (<50 years old),
and bioprosthetic ones are recommended for older patients (>70 years old). There is still debate
regarding which kind of prosthesis is better for middle-aged patients (50 to 70 years old) receiving
aortic valve replacement (AVR). To solve this problem, we conducted this meta-analysis. Given that
only one randomized controlled trial (RCT) study was included, we conducted a subgroup analysis
of RCT and propensity score matching (PSM) retrospective studies to reduce the bias. Methods:
We systematically searched articles related to clinical outcomes of mechanical and bioprosthetic
prostheses in middle-aged patients receiving AVR in the PubMed, Cochrane Library, and China
National Knowledge Infrastructure (CNKI) databases. The published date was up to 1 October
2022. Studies were excluded if not only middle-aged patients were included, or if they lacked direct
comparisons between mechanical and bioprosthetic prostheses. Results: In total, 22 studies with
32,298 patients were included in the final analysis. The results show that patients aged between
50 and 70 receiving AVR with mechanical prostheses achieved better long-term survival and fewer
reoperations and valve-related events but suffered more with bleeding events. No significant dif-
ference could be found in terms of early mortality and long-term cardiac death. The same results
could be observed in the subgroup analysis of RCT and PSM retrospective studies. Conclusion: Both
mechanical and bioprosthetic prostheses are beneficial to middle-aged patients undertaking AVR
procedures. However, mechanical prostheses show better clinical outcomes in long-term survival
and comorbidities. Individual recommendation is still necessary.

Keywords: mechanical prostheses; bioprosthetic prostheses; clinical outcomes; middle-aged; meta-analysis

1. Introduction

Aortic valve disease is the most frequent heart valve disease in Western countries [1].
No effective medical treatments exist for this disease, and AVR remains the gold standard
procedure [2]. AVR is indicated for survival benefit, symptom relief, and preservation of left
ventricular function in patients with severe aortic valve disease [3]. Thus far, mechanical
and bioprosthetic prostheses are clinically available for AVR procedures. It is acknowl-
edged that mechanical prostheses are more likely to be recommended to younger patients
(American Heart Association/American College of Cardiology guideline: <50 years old;
European Society of Cardiology/European Association for Cardio-Thoracic Surgery guide-
line: <60 years old), whereas bioprosthetic prostheses are more likely to be recommended to
elderly patients (American Heart Association/American College of Cardiology guideline:
>70 years old; European Society of Cardiology/European Association for Cardio-Thoracic
Surgery guideline: >65 years old) [4,5]. Although the use of bioprosthetic implantations
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has been increasing in all age periods in recent years, it is still undecided as to which
prosthesis is better for middle-aged patients (aged from 50 to 70 years) [6,7]. Several studies
have focused on this topic, but the conclusions are varied. Only one RCT study has been
conducted, and it was by Stassano et al. [8]. Therefore, we conducted this meta-analysis to
evaluate which kind of prosthesis is better for middle-aged patients receiving AVR: me-
chanical ones or bioprosthetic ones. Considering that only one RCT study was published,
and PSM could eliminate a great proportion of systematic difference and permit a pooled
analysis, the subgroup of RCT and PSM retrospective studies was also analyzed [9].

2. Methods

This meta-analysis was conducted following the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis (PRISMA) guidelines and has been registered with
the International Prospective Register of Systematic Reviews (PROSPERO) (registration
number: CRD42022365942).

2.1. Search Strategy

PubMed, Cochrane Library, and CNKI were searched for studies comparing clinical
outcomes of mechanical and bioprosthetic prostheses in middle-aged patients receiving
AVR up to 1 October 2022. We used “mechanical”, “bioprosthesis”, “bioprostheses”,
“bioprosthetic”, “biological”, “aortic”, and “AVR” as key terms alone or in combination. The
reference list of relevant articles and reviews was manually scrutinized to find additional
studies. To check whether only patients aged from 50 to 70 years were included, we

identified selected studies manually.

2.2. Eligibility Criteria

The inclusion criteria were as follows: (i) studies had to include a direct comparison
of mechanical versus biological prostheses; (ii) clinical outcome information had to be
provided in sufficient detail to allow the extraction of the hazard ratio (HR) or odd ratios
(OR) and their standard errors or Kaplan—-Meier curves. If several studies were produced
at the same institution and there was a sample overlap, only the most updated study was
included. Two authors (Dr. Yefan Jiang and Dr. Song Wang) independently extracted data
from studies that met the inclusion criteria. Any differences were resolved by consensus
or a discussion with a professional co-worker (Dr. Yongfeng Shao). Studies that met the
inclusion criteria were rated based on the Newcastle Ottawa Scale (NOS), with three main
components: study group selection, comparability between groups, and ascertainment of
outcomes [10]. Paper quality was independently assessed by two authors (Dr. Yefan Jiang
and Dr. Song Wang). A study with an NOS score of 6 or higher was regarded as being of
high quality.

2.3. Statistical Analysis

The summary HR for long-term survival, freedom from cardiac death, freedom from
reoperation, freedom from valve-related events, freedom from bleeding, and freedom from
stroke and OR for early mortality were obtained as weighted averages of the measures
from the individual studies, with inverse variances used as weights in the usual manner.
The methods of Parmer et al., Williamson et al., and Tierney et al. were used to calculate
the estimated HR and its variance [11]. A Q-statistic and an I2 (Index of Inconsistency) test
were used to quantify the degree of heterogeneity in all studies. A random effect model
was used in cases of significant heterogeneity (p < 0.1 or 12 > 50%). Sensitivity analyses
were performed by omitting each study in sequence. Publication bias was assessed by
the visual inspection of funnel plots. Data were analyzed with RevMan 5.3 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark).



J. Cardiovasc. Dev. Dis. 2023, 10, 90

30f13

3. Results
3.1. Study Search

The study search process is summarized in Figure 1. In total, 22 studies were included
in the final analysis, and the characteristics of the individual studies are summarized
in Table 1. Of those studies, one was an RCT study [8], 11 were PSM retrospective stud-
ies [1,3,12-20], and 10 were non-PSM retrospective studies [7,21-29]. In total, 32,298 patients
were included, of which 15,449 received mechanical prostheses, whereas 16,849 received
biological prostheses. All studies included had an NOS score of 6 or higher.

A total of 5159 potential relevant publications were identified at early stage |

5131 publications were excluded based on the
title or abstract (no full text in 1 publications)

A4

Y
28 full-text articles assessed for eligibility

6 publications excluded:
2: no direct comparison between mechanical and bioprosthetic prostheses
2: same institution with anonther one
2: low quality with NOS lower than 6

22 publicantions in the final analysis |

Figure 1. The flowchart outlining the literature search process.

Table 1. The characteristics of the individual studies.

Stud Age Number of Concomitant Follow-U Stud,
Study Name Country Perioﬁ Per%od Prostheses Mean Age(years) Male Operation Duration(yegrs) Desig}ll'l
MP BP MP BP MP BP MP BP MP BP
Alex [12] Canada 1995-2014 55-65 118 118 62 61.5 79 84 CABG CABG 15 15 PSM
Bartus [7] Poland 2006-2016 60-70 4425 5191 63.9 65.7 2761 3058 - - - - Retrospective
Brown [21] USA 1991-2000 50-70 220 220 65.7 £39 66.6 + 4.1 156 154 CABG CABG 9.1 6.2 Retrospective
Carrier [22] Canada 1982-1999 55-65 363 158 61+3 61+3 254 120 CABG CABG 4+£3 7+5 Retrospective
Chiang [13] USA 1997-2004 50-69 1001 1001 61.5+53 61.5+57 645 634 isolated 10.8 PSM
Glaser [14] Sweden 1997-2013 50-69 1099 1099 623+ 45 62.1+5.1 719 747 isolated B - PSM
Hu [3] China 2002-2018 50-69 346 346 623 +55 62.7 £5.1 220 211 CABG 6.5 PSM
Jiang [15] China 2005-2015 60-70 48 48 62.8 22 63.1+24 33 32 CABG - - PSM
Kim [16] Korea 2002-2018 50-69 1429 1429 629 £4.3 63.1+42 900 907 isolated 5 PSM
Kyto [17] Finland 2004-2014 50-70 576 576 64.6 4 65.1+£45 399 393 CABG 6.7 PSM
Malvindi [23] Poland 2000-2019 50-59 197 132 55+3 56 +3 124 90 isolated 9.3 4.7 Retrospective
60-69 162 486 6443 66 +3 103 289 isolated 10.7 5.4
Minakata [18] Japan 1985-2001 60-69 220 92 - - - - - - - - PSM
CABG, AAR,
Nishida [24] Japan 1981-2013 60-69 128 63 64.1+0.2 65.6 £0.3 67 52 MVP, Maze 9.8 £0.6 6.7 £0.7 Retrospective
procedure
P mso[‘;g;“kam Canada  1982-1998  61-65 150 153  634+15 637+14 103 134 CABG 64+32 89+53  Retrospective
66-70 195 424 683 +£13 687+ 1.4 90 269 CABG 56+£29 82+46
MVI, TVI,
Rocha [26] Portugal 2012 50-70 76 117 59.5 63 40 72 multivalve, 7 Retrospective
CABG, AAS
Rodriguez-
Caulo Spain 2000-2018 50-65 1822 911 60.8 +3.9 60.9 £ 4.1 1229 610 - - 85+438 73+48 PSM
[19]
Roumieh [20] Germany  1996-2008 55-65 60 60 61+3 61.5+3 43 43 isolated 10.7 £ 4.5 8.8 +38 PSM
Skamoto [27] Japan 19952014 60-70 28 28 643 £28 65.4 +2.6 16 12 CABG 70£56 7.8 £5.7  Retrospective
Sotade [28] Australia  2003-2018 55-64 1319 1522 61 61 975 1104 CABG 7 6 Retrospective
Stassano [8] Italy 1995-2003 55-70 155 155 64+7.6 63.5+39 66 78 CABG 83+£23 RCT
Traxler [29] Australia  2010-2018 50-65 702 1910 60 1883 - - - - Retrospective
Vogt [1] Germany  2011-2012 50-69 610 610 582+ 45 582 +45 431 437 isolated - - PSM

AAR: ascending aorta replacement; AAS: ascending aorta surgery; BP: bioprosthetic prostheses; CABG: coronary
artery bypass grafting; MP: mechanical prostheses; MVP: mitral valve plasty; MVI: mitral valve intervention;
PSM: propensity score matching; RCT: randomized controlled trial; TVI: tricuspid valve intervention.

3.2. Early Mortality

Early death refers to in-hospital death or death occurring within 30 days after operation.
In total, 14 [3,7,8,13,15,16,19-24,26,27] studies provided related details, 7 [3,8,13,15,16,19,20]
of which were RCT or PSM retrospective studies. No significant difference in early mortality
existed between mechanical and bioprosthetic prostheses regardless of whether only RCT
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or PSM retrospective studies were included. (Bioprosthetic vs. mechanical—OR: 0.95;

95% CI: 0.80-1.13, Figure 2A. Bioprosthetic vs. mechanical (RCT or PSM)—OR
95% CI: 0.76-1.38, Figure 2B).

A Mechanical prostheses  Bioprosthetic prostheses Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Bartus 60-70 132 4425 175 5191 56.6% 0.88[0.70, 1.11]

Brown 50-70 4 220 12 220 2.3% 0.32[0.10, 1.01]

Carrier 55-65 17 363 4 158 2.4% 1.89[0.63, 5.71] ]

Chiang 50-69 30 1001 25 1001 10.3% 1.21[0.70, 2.07] T

Hu 50-69 5 346 [ 346 2.1% 0.83[0.25, 2.75] = =

Jiang 60-70 "] 48 1 48 0.3% 0.33[0.01, 8.22]

Kim 50-69 15 1429 12 1429 5.1% 1.25 [0.58, 2.69) = v

Malvindi 50-59 2 197 i} 132 0.3% 3.39[0.16, 71.15]

Malvindi 60-69 1 16 4 486 0.8% 0.75[0.08, 6.75]

Nishida 60-69 3 128 1 63 0.6% 1.49[0.15, 14.60]

Rocha 50-70 6 76 3 117 1.5% 3.26[0.79, 13.44] i

Rodriguez-Caulo 50-65 55 1822 28 911 14.0% 0.98 [0.62, 1.56] s

Roumieh 55-65 1] G0 2 &0 0.3% 0.19[0.01, 4.11] +

Skamoto 60-70 4 41 8 &3 1.9% 1.01[0.29, 3.58] _—

Stassano 55-70 4 155 5] 155 1.8% 0.66 [0.18, 2.38] —

Total (95% CI) 10473 10400 100.0% 0.95 [0.80, 1.13] L 3

Total events 278 287

Heterogeneity: Chi? = 12.22, df = 14 (P = 0.59); I* = 0% o1 o1 i 100
Test for overall effect: 2 = 0.58 (P = 0.56) Mechanical prostheses Bioprosthetic prostheses

B Mechanical prostheses Bioprosthetic prostheses Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chiang 50-69 30 1001 25 1001 30.4% 1.21 [0.70, 2.07] —E—

Hu 50-69 5 346 [+ 346 6.2% 0.83 [0.25, 2.75] N

Jiang 60-70 0 48 1 48  0.8% 0.33[0.01, 8.22]

Kim 50-69 15 1429 12 1429 15.1% 1.25 [0.58, 2.69] —_—Tr

Rodriguez-Caulo 50-65 55 1822 28 911 41.2% 0.98 [0.62, 1.56] ——

Roumieh 55-65 0 60 2 60 0.9% 0.19[0.01, 4.11]

Stassano 55-70 4 155 [ 155 5.3% 0.66 [0.18, 2.38] —

Total (95% CI) 4861 3950 100.0% 1.03 [0.76, 1.38) <

Total events 109 80

Heterogeneity: Chi? = 2.85, df = 6 (P = 0.83); I = 0% ho1 o1 1 100

Test for overall effect: £ = 0.16 (P = 0.87)

Mechanical prostheses Bioprosthetic prostheses

: 1.03;

Figure 2. Meta-analysis for early mortality. (A) Bioprosthetic vs. mechanical. (B) Bioprosthetic vs.

mechanical (RCT or PSM).

3.3. Long-Term Survival

Dates for long-term survival were available for 20 studies [1,3,8,12-26,28,29],
12 [1,3,8,12-20] of which were RCT or PSM retrospective studies. There was strong evi-
dence favoring mechanical prostheses over bioprosthetic prostheses regardless of whether
only RCT or PSM retrospective studies were included. (Bioprosthetic vs. mechanical —HR:
0.87; 95% CI: 0.78-0.98, Figure 3A. Bioprosthetic vs. mechanical (RCT or PSM)—HR: 0.88;

95% CI: 0.80-0.95, Figure 3B).

3.4. Freedom from Cardiac Death

Only three studies [8,14,16] were included in this analysis, all of which were RCT or
PSM retrospective studies. No difference in freedom from cardiac death was observed.

(Bioprosthetic vs. mechanical—HR: 0.88; 95% CI: 0.68-1.15, Figure 4).

3.5. Freedom from Reoperation

Of the 22 included studies, 15 [1,3,12-21,23,28,29] provided information that all
the determination of freedom from reoperation, and 11 studies [1,3,12-20] were

owed
PSM

retrospective studies. Significant heterogeneity existed in both analyses, and the random
effect model was used. The exclusion of each study in sequence did not influence the
overall results for both analyses. The results show that patients that received mechanical
prostheses exhibited fewer reoperation events regardless of whether only RCT or PSM
retrospective studies were included. (Bioprosthetic vs. mechanical —HR: 0.36; 95% CI:

0.26-0.49, Figure 5A. Bioprosthetic vs. mechanical (RCT or PSM)—HR: 0.35; 95
0.23-0.52, Figure 5B).

0/o CI:
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A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alex 55-65 -0.15 0.26 3.4% 0.86 [0.52, 1.43] I
Brown 50-70 -0.57 0.17 5.4% 0.57 [0.41, 0.79] e
Carrier 55-65 0.28 0.22 4,1% 1.32 [0.86, 2.04]
Chiang 50-69 -0.03 0.08 8.2% 0.97 [0.83, 1.14] =
Glaser 50-69 -0.27 0.12 6.9% 0.76 [0.60, 0.97] -
Hu 50-69 0.17 0.2 4.6% 1.19 [0.80, 1.75] -+
Jiang 60-70 0.4 0.67 0.7% 1.49 [0.40, 5.55] —
Kim 50-69 -0.17 0.12 6.9% 0.84 [0.67, 1.07] -~
Kyto 50-70 -0.31 0.15 6.0% 0.73 [0.55, 0.98] -
Malvindi 50-59 -0.45 0.32 2.5% 0.64 [0.34, 1.19] —_—
Malvindi 60-69 0.08 0.19 4.8% 1.08 [0.75, 1.57] b
Minakata 60-69 -0.13 0.26 3.4% 0.88 [0.53, 1.46] _—
Nishida 60-69 -0.21 0.31 2.6% 0.81 [0.44, 1.49] e
Prasongsukarn 61-65 0.79 0.36 2.1% 2.20[1.09, 4.46]
Prasongsukarn 66-70 0.3 0.17 5.4% 1.35[0.97, 1.88] —
Rocha 50-70 -0.53 0.47 1.4% 0.59[0.23, 1.48] —
Rodriguez-Caulo 50-65 -0.13 0.13 6.6% 0.88 [0.68, 1.13] -
Roumieh 55-65 0.11 0.47 1.4% 1.12 [0.44, 2.80] B h—
Sotade 55-64 -0.13 0.09 7.9% 0.88 [0.74, 1.05] -
Stassano 55-70 -0.2 0.24 3.7% 0.82 [0.51, 1.31] -1
Traxler 50-65 -0.62 0.13 6.6% 0.54 [0.42, 0.69] -
Vogt 50-69 -0.27 0.17 5.4% 0.76 [0.55, 1.07] —
Total (95% CI) 100.0%  0.87 [0.78, 0.98] 4
Heterogeneity: Tau® = 0.04; Chi® = 48.43, df = 21 (P = 0.0006); I = 57% |0 01 011 1{0 100‘
Test for overall effect: Z = 2.32 (P = 0.02) Mechanical prosthesis Bioprosthetic prosthesis
B Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alex 55-65 -0.15 0.26 2.9% 0.86 [0.52, 1.43]
Chiang 50-69 -0.03 0.08 30.5% 0.97 [0.83, 1.14]
Glaser 50-69 -0.27 0.12 13.6% 0.76 [0.60, 0.97] -
Hu 50-69 0.17 0.2 4.9% 1.19[0.80, 1.75] T
Jiang 60-70 0.4 0.67 0.4% 1.49 [0.40, 5.55] —
Kim 50-69 -0.17 0.12 13.6% 0.84 [0.67, 1.07] =
Kyto 50-70 -0.31 0.15 8.7% 0.73 [0.55, 0.98] —
Minakata 60-69 -0.13 0.26 2.9% 0.88 [0.53, 1.46] —T
Rodriguez-Caulo 50-65 -0.13 0.13 11.6% 0.88 [0.68, 1.13] T
Roumieh 55-65 0.11 0.47 0.9% 1.12 [0.44, 2.80] I
Stassano 55-70 -0.2 0.24 3.4% 0.82 [0.51, 1.31] -
Vogt 50-69 -0.27 0.17 6.8% 0.76 [0.55, 1.07] T
Total (95% CI) 100.0% 0.88 [0.80, 0.95] 4
Heterogeneity: Tau? = 0.00; Chi® = 8.38, df = 11 (P = 0.68); I = 0% :0 o1 0’11 1’10 100‘

Test for overall effect: Z = 3.01 (P = 0.003)

Figure 3. Meta-analysis for long-term survival. (A) Bioprosthetic vs. mechanical. (B) Bioprosthetic

vs. mechanical (RCT or PSM).

Hazard Ratio

Mechanical prosthesis Bioprosthetic prosthesis

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Glaser 50-69 0 0.23 33.9% 1.00[0.64, 1.57]

Kim 50-69 -0.13 0.2 44.8% 0.88[0.59, 1.30]

Stassano 55-70 -0.32 0.29 21.3% 0.73[0.41, 1.28]

Total (95% CI) 100.0% 0.88 [0.68, 1.15]

Heterogeneity: Chi* = 0.75, df = 2 (P = 0.69); I = 0% l i

Test for overall effect: Z = 0.94 (P = 0.34)

0.01

0.1 1 10
Favours [experimental] Favours [control]

Figure 4. Meta-analysis for freedom from cardiac death: bioprosthetic vs. mechanical.

100
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A Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Alex 55-65 -1.43 0.5 5.8% 0.24 [0.09, 0.64]

Brown 50-70 -0.58 0.5 5.8% 0.56 [0.21, 1.49] —

Chiang 50-69 -0.65 0.19 10.7% 0.52 [0.36, 0.76] -

Glaser 50-69 -0.86 0.22 10.2% 0.42 [0.27, 0.65] o

Hu 50-69 -0.42 0.27 9.4% 0.66 [0.39, 1.12] =

Jiang 60-70 -3 471.4 0.0% 0.05 [0.00, Not estimable] >
Kim 50-69 -1.41 1.67 0.9% 0.24 [0.01, 6.44] +

Kyto 50-70 -1.17 0.4 7.2% 0.31[0.14, 0.68] E———

Malvindi 50-59 -2.53 0.71 3.7% 0.08 [0.02, 0.32]

Malvindi 60-69 -1.31 0.51 5.7% 0.27 [0.10, 0.73]

Minakata 60-69 -3.96 0.78 3.3% 0.02 [0.00, 0.09] +———

Rodriguez-Caulo 50-65 -1.35 0.28 9.2% 0.26 [0.15, 0.45] —_—

Roumieh 55-65 -1.57 0.79 3.2% 0.21 [0.04, 0.98]

Sotade 55-64 -0.42 0.18 10.9% 0.66 [0.46, 0.94] =

Traxler 50-65 -1.24 0.41 7.0% 0.29 [0.13, 0.65]

Vogt 50-69 -0.24 0.4 7.2% 0.79[0.36, 1.72] B —

Total (95% CI) 100.0% 0.36 [0.26, 0.49] <

Heterogeneity: Tau? = 0.21; Chi* = 41.14, df = 15 (P = 0.0003); I* = 64% IU o1 Oll 1I0 100:
Test for overall effect: Z = 6.30 (P < 0.00001) Mechanical prosthesis Bioprosthetic prosthesis

B Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Alex 55-65 -1.43 0.5 8.8% 0.24 [0.09, 0.64]

Chiang 50-69 -0.65 0.19 15.8% 0.52 [0.36, 0.76] —_

Glaser 50-69 -0.86 0.22 15.1% 0.42 [0.27, 0.65] —

Hu 50-69 -0.42 0.27 13.9% 0.66 [0.39, 1.12] —

Jiang 60-70 -3 471.4 0.0% 0.05 [0.00, Not estimable] *
Kim 50-69 -1.41 1.67 1.4% 0.24 [0.01, 6.44] +

Kyto 50-70 -1.17 0.4 10.8% 0.31[0.14, 0.68] —_—

Minakata 60-69 -3.96 0.78 5.0% 0.02 [0.00, 0.09] +————

Rodriguez-Caulo 50-65 -1.35 0.28 13.6% 0.26 [0.15, 0.45] —

Roumieh 55-65 -1.57 0.79 4.9% 0.21 [0.04, 0.98]

Vogt 50-69 -0.24 0.4 10.8% 0.79[0.36, 1.72] —_—

Total (95% Cl) 100.0% 0.35 [0.23, 0.52] -

Heterogeneity: Tau? = 0.23; Chi? = 27.94, df = 10 (P = 0.002); I = 64% iu o1 0’1 1:0 100:

Test for overall effect: Z = 5.10 (P < 0.00001)

Mechanical prosthesis Bioprosthetic prosthesis

Figure 5. Meta-analysis for freedom from reoperation. (A) Bioprosthetic vs. mechanical. (B) Biopros-
thetic vs. mechanical (RCT or PSM).

3.6. Freedom from Valve-Related Events

All valve-related events are reported in accordance with the revised guidelines pub-
lished by the “Ad. Hoc Liaison Committee for Standardizing Definitions for Prosthetic
Heart Valve Morbidity (2008)” [11,30]. Five studies [8,12,15,22,24] provided sufficient
details to allow the extraction of HR and their standard errors. Three [8,12,15] of these
were RCT or PSM retrospective studies. Those analyses showed that the rate of valve-
related events was lower in the mechanical prostheses group regardless of whether only
RCT or PSM retrospective studies were included. (Bioprosthetic vs. mechanical—HR:
0.63; 95% CI: 0.47-0.85, Figure 6A. Bioprosthetic vs. mechanical (RCT or PSM)—HR: 0.57;
95% CI: 0.40-0.81, Figure 6B).

3.7. Freedom from Bleeding

In total, 10 studies [3,13,14,16-21,23] reported information on freedom from bleeding,
8 [3,13,14,16-20] of which were PSM retrospective studies. The heterogeneity among those
studies was relatively high, and the random effects model was used regardless of whether
only PSM retrospective studies were included. The exclusion of each study in sequence did
not influence the overall results. The results indicate that bleeding events were less common
in bioprosthetic prostheses regardless of whether only RCT or PSM retrospective studies
were included. (Bioprosthetic vs. mechanical—HR: 1.54; 95% CI: 1.22-1.95, Figure 7A.
Bioprosthetic vs. mechanical (RCT or PSM)—HR: 1.39; 95% CI: 1.11-1.75, Figure 7B).
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Figure 6. Meta-analysis for freedom from valve-related events. (A) Bioprosthetic vs. mechanical.
(B) Bioprosthetic vs. mechanical (RCT or PSM).
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Figure 7. Meta-analysis for freedom from bleeding. (A) Bioprosthetic vs. mechanical. (B) Biopros-
thetic vs. mechanical (RCT or PSM).

3.8. Freedom from Stroke

Information on freedom from stroke was obtained in nine studies [3,13,14,16,17,19,20,23,29],
seven [3,13,14,16,17,19,20] of which were PSM retrospective studies. No significant dif-
ference between mechanical prostheses and bioprosthetic prostheses could be observed
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regardless of whether only PSM retrospective studies were included. (Bioprosthetic vs.
mechanical—HR: 1.05; 95% CI: 0.92-1.19, Figure 8A. Bioprosthetic vs. mechanical (RCT or
PSM)—HR: 1.08; 95% CI: 0.94-1.23, Figure 8B).
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Figure 8. Meta-analysis for freedom from stroke. (A) Bioprosthetic vs. mechanical. (B) Bioprosthetic
vs. mechanical (RCT or PSM).

4. Discussion

Mechanical and bioprosthetic prostheses have been widely used in patients with
aortic valve disease. It is still undecided which kind of prosthesis is more suitable for
middle-aged patients. No unequivocal recommendations are provided in the current
published guidelines, and only ambiguous suggestions are given [4,5]. Several studies
have focused on this topic, but the conclusions are inconsistent. Chiang et al. reported
that no difference exists in the long-term survival between mechanical and bioprosthetic
prostheses, but patients receiving bioprosthetic ones had a greater likelihood of reoperation
and a lower likelihood of major bleeding [13]. Glaser et al. reported that patients aged
50-69 years who received mechanical prostheses had better long-term survival than those
with bioprostheses. The risk of stroke was similar. However, patients with bioprostheses
had a higher risk of reoperation and a lower risk of major bleeding [14]. Two systematic
reviews on this topic have been published [9,31], but several limitations exist in those
two meta-analyses. Firstly, only a few published articles were included. Secondly, the
conclusions were not consistent. Zhao et al. stated that no significant difference existed
in the long-term survival between mechanical and bioprosthetic prostheses in patients
aged 50 to 70 years. Compared with mechanical prostheses, bioprosthetic ones showed
reduced risk of major bleeding and anticoagulant-related events but increased risk of
reoperation [31]. Diaz et al. showed that mechanical prostheses were associated with
a long-term survival benefit, lower reoperation rates, higher bleeding rates, and similar
stroke rates for patients between the ages of 50 and 70 [9]. The main contentions regard
long-term survival and stroke rates, whether in meta-analyses or in normal retrospective
studies. We also focus on those two aspects in our study. Thirdly, these two analyses were



J. Cardiovasc. Dev. Dis. 2023, 10, 90

90f13

published in 2016 and 2018; several retrospective studies have been published since then,
most of which were multi-center and even nationwide, which may provide more accurate
results [3,16,23,28,29,32,33]. Therefore, we conducted this meta-analysis to further compare
the clinical outcomes of mechanical and bioprosthetic prostheses in middle-aged patients
receiving AVR surgery to give clinicians an update on this topic. Because only one RCT
study was published related to this topic, we also performed a subgroup analysis of RCT
and PSM retrospective studies to reduce bias accompanied with retrospective studies.

The middle-age period is awkward. These individuals are older than those younger
than 50 and have longer life expectancy than those older than 70. Choosing mechanical
prostheses means life-long anticoagulation, regular International Normalized Ratio (INR)
value monitoring, and a higher bleeding risk. Choosing bioprosthetic ones entails the
possibility of reoperation. You cannot have your cake and eat it. Previous studies have
suggested that the choice in prosthesis depends on expected lifespan. For patients with
expected lifespans below 20 years, bioprosthetic prostheses were recommended, and for
patients with expected lifespans over 20 years, mechanical ones were recommended [34].
However, it is hard to determine middle-aged patients’ expected lifespan exactly.

In our analysis, we found that in patients aged between 50 and 70 following AVR, the
early mortality, cardiac death rates, and stroke rates were similar. However, patients receiv-
ing mechanical prostheses showed decreased long-term risk of death and fewer reoperation
and valve-related events. The only superiority for bioprosthetic prostheses was fewer
bleeding events. These results are independent of whether only RCT and PSM retrospective
studies are considered. According to the latest American Heart Association/American Col-
lege of Cardiology guideline (2020), bioprosthetic prostheses are recommended for patients
older than 65, whereas mechanical prostheses are recommended for patients younger than
50 [35]. Only eight studies consider patients aged from 50 to 65. We performed a subgroup
analysis to detect which kind of prosthesis is more suitable for patients aged from 50 to
65 years old (Supplementary Figures S1 and S2). The early mortality, long-term survival,
reoperation, valve-related events, bleeding, and stroke rates were similar between the two
groups. Patients receiving mechanical prostheses showed fewer reoperation events. These
results are independent of whether only RCT or PSM retrospective studies are included.

These results can be explained mainly by considering the prosthetic materials. Me-
chanical prostheses are constructed of pyrolytic carbon, whereas bioprosthetic prostheses
are made of bovine, equine, or porcine pericardium or porcine aortic valves. Due to the
distinct characteristics of the materials used, mechanical and biological prostheses have
their own advantages and disadvantages. Mechanical ones can be used for life, and fewer
structural valve deterioration events occur. However, because of the thrombogenicity fea-
tures of materials used in mechanical prostheses, patients require life-long anticoagulation
therapy to avoid blood clot formation; thus, bleeding events are more frequent in patients
receiving mechanical prostheses. Distinct from the advantages of mechanical prostheses,
the advantage of bioprosthetic ones is that patients do not require life-long anticoagulation.
However, similar to pathological processes, bioprosthetic implantation also entails cusp
calcification, cusp tears, perforation, stretching, thickening, stiffening, and prolapse, all of
which lead to more reoperations in patients with bioprosthetic prostheses [6,7,31,36].

Better long-term survival may not only be related to material features but may also
be associated with the fact that prosthesis—patient mismatch may occur more often in
patients with bioprosthetic prostheses, which might affect long-term survival [37]. With the
same annular size, mechanical prostheses usually present a higher index of effective orifice
area values than bioprosthetic prostheses, and the rate of postoperative prosthesis—patient
mismatch could be lower. Thus far, the related information is limited, and fewer studies
have focused on this aspect. Further investigation is needed.

Stroke is the result of thrombosis. Although life-long anticoagulation is not recom-
mended for patients receiving bioprosthetic prostheses, thrombosis still exists. Recent
studies have shown that multislice computed tomography during follow-up identified 7%
of patients receiving bioprosthetic prostheses after AVR to have reduced leaflet motion
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as the result of thrombosis [38]. This may partly explain the similarity in stroke rates
between the two groups. Some patients with bioprosthetic prostheses also receive warfarin
or clopidogrel bisulfate at late follow-up due to their own comorbidities, such as atrial
fibrillation, transient ischemic attacks, and stroke, all of which may increase the complexity
of the comparison [21]. In addition, with the use of anticoagulation therapy, the stroke
rates in patients with mechanical prostheses were decreased, which may also partly explain
the similarity in stroke rates between the two groups. Finally, some AVR patients with
microembolism were asymptomatic, and head scanning is necessary for the identification of
those patients. The existence of those potential stroke patients may disturb the comparison.

With the development of technology, several improvements in favor of mechanical
prostheses have appeared. Firstly, non-vitamin K antagonist anticoagulation may reduce
the bleeding rates in patients receiving mechanical prostheses [39]. A pilot study proved
that Rivaroxaban (20 mg once daily) was safe and effective in low-risk patients with
mechanical prostheses. Neither thromboembolic nor bleeding events were observed, and
no patients died [40]. Secondly, a lower INR range may be applied. The risk of bleeding can
be significantly reduced if the targeted INR can be lowered [6]. Koertke et al. conducted a
prospective, randomized multi-center trial. In total, 1346 patients with a target INR range
of 2.5-4.5 and 1327 patients with a target INR range of 1.8-2.8 for AVR and an INR range of
2.5-3.5 for mitral or double-valve recipients were followed up for 24 months. The incidence
rates of stroke and bleeding were similar between the two groups [41]. Of course, further
research is necessary to clarify to what extent the INR target can be lowered. Thirdly, new
mechanical designs have been developed. The On-X valve permits a lower INR range
of 1.5-2.0 in the aortic position [42]. Besides this, Scotten et al. developed a 3D-printed
mechanical prosthesis with a lower thrombogenicity potential index, which may function
without the need for anticoagulation [43].

With the introduction and widespread application of transcatheter aortic valve im-
plantation, valve-in-valve procedures have emerged as a valuable option in patients with
degenerated bioprosthetic prostheses [44]. The prospect of implanting a bioprosthesis
with a subsequent valve-in-valve may influence the decision to implant a mechanical or
bioprosthetic prosthesis in middle-aged patients and may encourage middle-aged patients
to choose bioprosthetic prostheses [6]. However, the mortality related to valve-in-valve
procedures is still high. Phan et al. reported that for patients with degenerated bio-
prosthetic prostheses, the early mortality was 7.9% in patients receiving valve-in-valve
procedures, whereas the early mortality was 6.1% in patients receiving conventional aortic
valve replacement [45]. Besides this, valve-in-valve procedures were accompanied with
decreased effective orifice areas due to the previously implanted prostheses, which may
lead to postoperative prosthesis—patient mismatch, especially for patients with a small
annulus [46]. Experience with valve-in-valve procedures remains relatively limited, and
long-term follow-up is necessary.

Limitations

Several limitations of this meta-analysis should be noted. Firstly, only one RCT study
was included, and the other studies included were all retrospective studies, which may
increase the bias, although a subgroup analysis of RCT and PSM studies was performed.
Secondly, the operative years reported in the studies had a broader range, which could have
reduced the comparability of the studies in the analysis. Thirdly, the size, the brands, and
the accompanied surgeries were not identified in our study, which may increase the bias.

5. Conclusions

In conclusion, for middle-aged patients receiving AVR, both kinds of prostheses have
their own advantages and disadvantages, but mechanical prostheses may be associated
with better long-term survival and fewer reoperation and valve-related events. Of course,
individual preference is much more important. To reach more accurate conclusions, more
RCTs should be conducted in future.
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tients aged from 50 to 65 years old. (A) Early mortality. (B) Long-term survival. (C) Freedom from
reoperation. (D) Freedom from valve-related events. (E) Freedom from bleeding. (F) Freedom from
stroke. Figure S2: Subgroup analysis of patients aged from 50 to 65-years-old (RCT or PSM). (A) Early
mortality. (B) Long-term survival. (C) Freedom from reoperation. (D) Freedom from valve-related
events. (E) Freedom from bleeding. (F) Freedom from stroke.

Author Contributions: Conceptualization, S.C. and Y.J.; methodology, S.C.; software, J.B.; validation,
Y.J.; formal analysis, ].B.; investigation, S.W.; resources, Y.S.; data curation, S.W.; writing—original
draft preparation, Y.J.; writing—review and editing, S.C.; visualization, S.W.; supervision, Y.S.; project
administration, Y.S.; funding acquisition, Y.J. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number No.82200409.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Vogt, E; Santarpino, G.; Fujita, B.; Frerker, C.; Bauer, T.; Beckmann, A.; Bekeredjian, R.; Bleiziffer, S.; Mollmann, H.; Walther,
T.; et al. GARY Executive Board. Surgical aortic valve replacement in patients aged 5069 years-insights from the German Aortic
Valve Registry (GARY). Eur. |. Cardiothorac. Surg. 2022, 62, ezac286. [CrossRef] [PubMed]

Vahanian, A.; Beyersdorf, E; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.; De
Paulis, R.; et al. ESC/EACTS Scientific Document Group. 2021 ESC/EACTS Guidelines for the management of valvular heart
disease. Eur. Heart |. 2022, 43, 561-632. [CrossRef] [PubMed]

Hu, X,; Jiang, W.; Li, H.; Zhou, T.; Dong, N.; Wang, Y. Prosthesis Selection for Aortic Valve Replacement with Concomitant
Coronary Artery Bypass Grafting. Ann. Thorac. Surg. 2022, 113, 100-108. [CrossRef] [PubMed]

Nishimura, R.A.; Otto, C.M.; Bonow, R.O.; Carabello, B.A.; Erwin, J.P,; Fleisher, L.A.; Jneid, H.; Mack, M.].; McLeod, C.].; O’Gara,
P.T,; et al. 2017 AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for the Management of Patients with Valvular
Heart Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. J. Am. Coll. Cardiol. 2017, 70, 252-289. [CrossRef] [PubMed]

Baumgartner, H.; Falk, V.; Bax, ].J.; De Bonis, M.; Hamm, C.; Holm, PJ.; Iung, B.; Lancellotti, P.; Lansac, E.; Rodriguez Mufioz, D.;
et al. ESC Scientific Document Group. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart ].
2017, 38, 2739-2791. [CrossRef] [PubMed]

Head, S.J.; Celik, M.; Kappetein, A.P. Mechanical versus bioprosthetic aortic valve replacement. Eur. Heart . 2017, 38, 2183-2191.
[CrossRef]

Bartus, K.; Litwinowicz, R.; Sadowsk, L].; Filip, G.; Kowalewski, M.; Suwalski, P.; Mazur, P.; Kedziora, A.; Jasiniski, M.; Deja, M.;
et al. Bioprosthetic or mechanical heart valves: Prosthesis choice for borderline patients?—-Results from 9616 cases recorded in
Polish national cardiac surgery registry. J. Thorac. Dis. 2020, 12, 5869-5878. [CrossRef]

Stassano, P.; Di Tommaso, L.; Monaco, M.; Iorio, E,; Pepino, P.; Spampinato, N.; Vosa, C. Aortic Valve Replacement: A Prospective
Randomized Evaluation of Mechanical Versus Biological Valves in Patients Ages 55 to 70 Years. J. Am. Coll. Cardiol. 2009, 54,
1862-1868. [CrossRef]

Diaz, R.; Hernandez-Vaquero, D.; Alvarez-Cabo, R.; Avanzas, P; Silva, J.; Moris, C.; Pascual, I. Long-term outcomes of mechanical
versus biological aortic valve prosthesis: Systematic review and meta-analysis. ]. Thorac. Cardiovasc. Surg. 2019, 158, 706-714.e18.
[CrossRef]

Ottawa Hospital Research Institute. Available online: http:/ /www.ohri.ca/programs/clinical_epidemiology/oxford.asp (ac-
cessed on 16 December 2019).

Jiang, Y.; Wang, C.; Li, G.; Chen, S. Clinical outcomes following surgical mitral valve repair or replacement in patients with
rheu-matic heart disease: A meta-analysis. Ann. Transl. Med. 2021, 9, 204. [CrossRef]

Alex, S.; Hiebert, B.; Arora, R.; Menkis, A.; Shah, P. Survival and Long-Term Outcomes of Aortic Valve Replacement in Patients
Aged 55 to 65 Years. Thorac. Cardiovasc. Surg. 2017, 66, 313-321. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jcdd10020090/s1
http://doi.org/10.1093/ejcts/ezac286
http://www.ncbi.nlm.nih.gov/pubmed/35567484
http://doi.org/10.1093/eurheartj/ehab395
http://www.ncbi.nlm.nih.gov/pubmed/34453165
http://doi.org/10.1016/j.athoracsur.2021.02.033
http://www.ncbi.nlm.nih.gov/pubmed/33667456
http://doi.org/10.1016/j.jacc.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28315732
http://doi.org/10.1093/eurheartj/ehx391
http://www.ncbi.nlm.nih.gov/pubmed/28886619
http://doi.org/10.1093/eurheartj/ehx141
http://doi.org/10.21037/jtd-19-3586
http://doi.org/10.1016/j.jacc.2009.07.032
http://doi.org/10.1016/j.jtcvs.2018.10.146
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://doi.org/10.21037/atm-20-3542
http://doi.org/10.1055/s-0037-1602825
http://www.ncbi.nlm.nih.gov/pubmed/28511244

J. Cardiovasc. Dev. Dis. 2023, 10, 90 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Chiang, Y.P.,; Chikwe, ].; Moskowitz, A ].; Itagaki, S.; Adams, D.H.; Egorova, N.N. Survival and Long-term Outcomes Following
Bioprosthetic vs Mechanical Aortic Valve Replacement in Patients Aged 50 to 69 Years. JAMA 2014, 312, 1323-1329. [CrossRef]
[PubMed]

Glaser, N.; Jackson, V.; Holzmann, M.J.; Franco-Cereceda, A.; Sartipy, U. Aortic valve replacement with mechanical vs. biological
prostheses in patients aged 50-69 years. Eur. Heart ]. 2016, 37, 2658-2667. [PubMed]

Siming, Z.; Shengli, J. Clinical performance of mechanical versus bioprosthetic valves for aortic valve replacement in patients age
60-70 years. Chin. ]. Cardiovasc. Res. 2021, 19, 26-30.

Kim, M,; Kim, H.R; Lee, S.H.; Lee, S.; Joo, H. Aortic valve replacement in patients aged 50 to 69 years: Analysis using Korean
National Big Data. J. Card. Surg. 2022, 37, 3623-3630. [CrossRef]

Kyto, V.; Sipil4, J.; Ahtela, E.; Rautava, P.; Gunn, J. Mechanical Versus Biologic Prostheses for Surgical Aortic Valve Replacement
in Patients Aged 50 to 70. Ann. Thorac. Surg. 2019, 110, 102-110. [CrossRef]

Minakata, K.; Tanaka, S.; Tamura, N.; Yanagi, S.; Ohkawa, Y.; Okonogi, S.; Kaneko, T.; Usui, A.; Abe, T.; Shimamoto, M.; et al.
Comparison of the Long-Term Outcomes of Mechanical and Bioprosthetic Aortic Valves? A Propensity Score Analysis? Circ. J.
2017, 81, 1198-1206. [CrossRef]

Rodriguez-Caulo, E.A.; Blanco-Herrera, O.R.; Berastegui, E.; Arias-Dachary, J.; Souaf-Khalafi, S.; Parody-Cuerda, G.; Laguna, G.;
SPAVALVE Study Group. Biological versus mechanical prostheses for aortic valve replacement. J. Thorac. Cardiovasc. Surg. 2023,
165, 609-617.e7. [CrossRef]

Roumieh, M,; Ius, F; Tudorache, I.; Ismail, I.; Fleissner, F.; Haverich, A.; Cebotari, S. Comparison between biological and
mechanical aortic valve prostheses in middle-aged patients matched through propensity score analysis: Long-term results. Eur. .
Cardio-Thorac. Surg. 2015, 48, 129-136. [CrossRef]

Brown, M.L.; Schaff, H.; Lahr, B.D.; Mullany, C.J.; Sundt, TM.; Dearani, J.A.; McGregor, C.G.; Orszulak, T.A. Aortic valve
replacement in patients aged 50 to 70 years: Improved outcome with mechanical versus biologic prostheses. J. Thorac. Cardiovasc.
Surg. 2008, 135, 878-884. [CrossRef]

Carrier, M,; Pellerin, M.; Perrault, L.P.; Pagé, P.; Hébert, Y.; Cartier, R.; Dyrda, I.; Oelletier, L.C. Aortic valve replacement with
mechanical and biologic prosthesis in middle-aged patients. Ann. Thorac. Surg. 2001, 71, 5253-5256. [CrossRef]

Malvindi, P.G.; Luthra, S.; Olevano, C.; Salem, H.; Kowalewski, M.; Ohri, S. Aortic valve replacement with biological prosthesis in
patients aged 50-69 years. Eur. ]. Cardio-Thoracic Surg. 2020, 59, 1077-1086. [CrossRef] [PubMed]

Nishida, T.; Sonoda, H.; Oishi, Y.; Tatewaki, H.; Tanoue, Y.; Shiokawa, Y.; Tominaga, R. Long-term results of aortic valve
replacement with mechanical prosthesis or carpen-tier-edwards perimount bioprosthesis in Japanese patients according to age.
Circ. ]. 2014, 78, 2688-2695. [CrossRef]

Prasongsukarn, K.; Jamieson, W.R.; Germann, E.; Chan, F.; Lichtenstein, S.V. Aortic and mitral prosthetic valve replacement in
age groups 61-65 & 6670 years. Asian Cardiovasc. Thorac. Ann. 2007, 15, 127-133. [PubMed]

Rocha, R.; Cerqueira, R; Saraiva, F.A.; Moreira, S.; Barros, A.S.; Almeida, J.; Amorim, M.].; Lourenco, A.P.; Pinho, P.; Leite-Moreira,
A. Early And Midterm Outcomes Following Aortic Valve Replacement with Mechanical Versus Bioprosthetic Valves In Patients
Aged 50 To 70 Years. Rev. Port. Cir. Cardiotorac. Vasc. 2020, 27, 179-189. [PubMed]

Sakamoto, Y.; Yoshitake, M.; Matsumura, Y.; Naruse, H.; Bando, K.; Hashimoto, K. Choice of Aortic Valve Prosthesis in a Rapidly
Aging and Long-Living Society. Ann. Thorac. Cardiovasc. Surg. 2016, 22, 333-339. [CrossRef]

Sotade, O.T.; Falster, M.O.; Pearson, S.-A.; Jorm, L.R.; Sedrakyan, A. Comparison of long-term outcomes of bioprosthetic and
mechanical aortic valve replacement in patients younger than 65 years. J. Thorac. Cardiovasc. Surg. 2022. [CrossRef]

Traxler, D.; Krotka, P.; Laggner, M.; Mildner, M.; Graf, A.; Reichardt, B.; Wendt, R.; Auer, J.; Moser, B.; Mascherbauer, J.; et al.
Mechanical aortic valve prostheses offer a survival benefit in 50-65 year olds: AUTHEARTVISIT study. Eur. |. Clin. Investig. 2022,
52,e13736. [CrossRef]

Jiao, Y.; Luo, T.; Zhang, H.; Han, J.; Li, Y,; Jia, Y.; Zheng, S.; Meng, X. Repair versus replacement of mitral valves in cases of severe
rheumatic mitral stenosis: Mid-term clinical outcomes. J. Thorac. Dis. 2019, 11, 3951-3961. [CrossRef]

Zhao, D.F; Seco, M.; Wu, ].].; Edelman, ].B.; Wilson, M.K.; Vallely, M.P,; Byrpm, M.].; Bannon, P.G. Mechanical Versus Bioprosthetic
Aortic Valve Replacement in Middle-Aged Adults: A Sys-tematic Review and Meta-Analysis. Ann. Thorac. Surg. 2016, 102,
315-327.

Huckaby, L.V,; Sultan, I.; Gleason, T.G.; Bs, S.C.; Thoma, F.; Navid, F,; Kilic, A. Outcomes of tissue versus mechanical aortic valve
replacement in patients 50 to 70 years of age. . Card. Surg. 2020, 35, 2589-2597. [CrossRef] [PubMed]

Rodriguez-Caulo, E.A.; Macias, D.; Adsuar, A.; Ferreiro, A.; Arias-Dachary, J.; Parody, G.; Fernandez, F.; Daroca, T.; Rodriguez-
Mora, E; Garrido, ].M.; et al. Biological or mechanical prostheses for isolated aortic valve replacement in patients aged 50-65
years: The ANDALVALVE study. Eur. J. Cardio-Thoracic Surg. 2019, 55, 1160-1167. [CrossRef] [PubMed]

David, T. How to Decide Between a Bioprosthetic and Mechanical Valve. Can. |. Cardiol. 2021, 37, 1121-1123. [CrossRef] [PubMed]
Otto, C.M.; Nishimura, R.A.; Bonow, R.O.; Carabello, B.A.; Erwin, ].P; Gentile, F;; Jneid, H.; Krieger, E.V.; Mack, M.; McLeod, C.;
et al. 2020 ACC/AHA Guideline for the Management of Patients with Valvular Heart Disease: Executive Summary: A Report of
the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation
2021, 143, e35-e71. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2014.12679
http://www.ncbi.nlm.nih.gov/pubmed/25268439
http://www.ncbi.nlm.nih.gov/pubmed/26559386
http://doi.org/10.1111/jocs.16908
http://doi.org/10.1016/j.athoracsur.2019.10.027
http://doi.org/10.1253/circj.CJ-17-0154
http://doi.org/10.1016/j.jtcvs.2021.01.118
http://doi.org/10.1093/ejcts/ezu392
http://doi.org/10.1016/j.jtcvs.2007.10.065
http://doi.org/10.1016/S0003-4975(01)02512-7
http://doi.org/10.1093/ejcts/ezaa429
http://www.ncbi.nlm.nih.gov/pubmed/33966072
http://doi.org/10.1253/circj.CJ-14-0466
http://www.ncbi.nlm.nih.gov/pubmed/17387195
http://www.ncbi.nlm.nih.gov/pubmed/33068506
http://doi.org/10.5761/atcs.oa.16-00104
http://doi.org/10.1016/j.jtcvs.2022.01.016
http://doi.org/10.1111/eci.13736
http://doi.org/10.21037/jtd.2019.08.101
http://doi.org/10.1111/jocs.14844
http://www.ncbi.nlm.nih.gov/pubmed/32652638
http://doi.org/10.1093/ejcts/ezy459
http://www.ncbi.nlm.nih.gov/pubmed/30608571
http://doi.org/10.1016/j.cjca.2020.09.011
http://www.ncbi.nlm.nih.gov/pubmed/33002585
http://doi.org/10.1161/CIR.0000000000000932
http://www.ncbi.nlm.nih.gov/pubmed/33332149

J. Cardiovasc. Dev. Dis. 2023, 10, 90 13 of 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Schoen, FJ.; Levy, RJ. Founder’s Award, 25th Annual Meeting of the Society for Biomaterials, perspectives. Providence, RI, April
28-May 2, 1999. Tissue heart valves: Current challenges and future research perspectives. J. Biomed. Mater. Res. 1999, 47, 439-465.
[CrossRef]

Pibarot, P.; Dumesnil, J.G. Prosthetic heart valves: Selection of the optimal prosthesis and long-term management. Circulation
2009, 119, 1034-1048. [CrossRef]

Makkar, R.R.; Fontana, G.; Jilaihawi, H.; Chakravarty, T.; Kofoed, K.F.; De Backer, O.; Asch, EM.; Ruiz, C.E.; Olsen, N.T.; Trento,
A.; et al. Possible Subclinical Leaflet Thrombosis in Bioprosthetic Aortic Valves. N. Engl. J. Med. 2015, 373, 2015-2024. [CrossRef]
Kirchhof, P; Benussi, S.; Kotecha, D.; Ahlsson, A.; Atar, D.; Casadei, B.; Castella, M.; Diener, H.C.; Heidbuchel, H.; Hendriks, J.;
et al. 2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur. Heart |. 2016, 37,
2893-2962. [CrossRef]

Roost, E.; Weber, A.; Alberio, L.; Englberger, L.; Reineke, D.; Keller, D.; Nagler, M.; Carrel, T. Rivaroxaban in patients with
mechanical heart valves: A pilot study. Thromb. Res. 2020, 186, 1-6. [CrossRef]

Koertke, H.; Zittermann, A.; Tenderich, G.; Wagner, O.; EL-Arousy, M.; Krian, A.; Ennker, J.; Taborski, U.; Klévekorn, W.P;
Moosdorf, R.; et al. Low-dose oral anticoagulation in patients with mechanical heart valve pros-theses: Final report from the
early self-management anticoagulation trial II. Eur. Heart ]. 2007, 28, 2479-2484. [CrossRef]

Puskas, J.; Gerdisch, M.; Nichols, D.; Quinn, R.; Anderson, C.; Rhenman, B. PROACT Investigators. Reduced anticoagulation
after mechanical aortic valve re-placement: Interim results from the prospective randomized on-X valve anticoagulation clinical
trial randomized Food and Drug Administration investigational device exemption trial. . Thorac. Cardiovasc. Surg. 2014, 147,
1202-1210. [PubMed]

Scotten, L.N.; Siegel, R. Are anticoagulant independent mechanical valves within reach—Fast prototype fabrication and in vitro
testing of innovative bi-leaflet valve models. Ann. Transl. Med. 2015, 3, 197. [CrossRef]

Dvir, D.; Webb, ].G.; Bleiziffer, S.; Pasic, M.; Waksman, R.; Kodali, S.; Barbanti, M.; Latib, A.; Schaefer, U.; Rodés-Cabau, J.; et al.
Valve-in-Valve International Data Registry Investigators. Transcatheter aortic valve implantation in failed bioprosthetic surgical
valves. JAMA 2014, 312, 162-170. [CrossRef] [PubMed]

Phan, K.; Zhao, D.-F.; Wang, N.; Huo, Y.R.; Di Eusanio, M.; Yan, T.D. Transcatheter valve-in-valve implantation versus reoperative
conventional aortic valve replacement: A systematic review. J. Thorac. Dis. 2016, 8, E83—-E93. [CrossRef] [PubMed]

Ye, J.; Cheung, A.; Yamashita, M.; Wood, D.; Peng, D.; Gao, M.; Thompson, C.R.; Munt, B.; Moss, RR.; Blanke, P; et al.
Transcatheter Aortic and Mitral Valve-in-Valve Implantation for Failed Surgical Bioprosthetic Valves: An 8-Year Single-Center
Experience. JACC Cardiovasc. Interv. 2015, 8, 1735-1744. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/(SICI)1097-4636(19991215)47:4&lt;439::AID-JBM1&gt;3.0.CO;2-O
http://doi.org/10.1161/CIRCULATIONAHA.108.778886
http://doi.org/10.1056/NEJMoa1509233
http://doi.org/10.1093/eurheartj/ehw210
http://doi.org/10.1016/j.thromres.2019.12.005
http://doi.org/10.1093/eurheartj/ehm391
http://www.ncbi.nlm.nih.gov/pubmed/24512654
http://doi.org/10.3978/j.issn.2305-5839.2015.08.18
http://doi.org/10.1001/jama.2014.7246
http://www.ncbi.nlm.nih.gov/pubmed/25005653
http://doi.org/10.3978/j.issn.2072-1439.2016.01.44
http://www.ncbi.nlm.nih.gov/pubmed/26904259
http://doi.org/10.1016/j.jcin.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/26476608

	Introduction 
	Methods 
	Search Strategy 
	Eligibility Criteria 
	Statistical Analysis 

	Results 
	Study Search 
	Early Mortality 
	Long-Term Survival 
	Freedom from Cardiac Death 
	Freedom from Reoperation 
	Freedom from Valve-Related Events 
	Freedom from Bleeding 
	Freedom from Stroke 

	Discussion 
	Conclusions 
	References

