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INTRODUCTION

When dealing with severe valvular illness,
heart valve replacement is an essential
operation, particularly in young women
of childbearing age. For these women,
the decision between bioprosthetic and
mechanical valves is complex, with each
option carrying unique considerations for
both maternal and fetal outcomes. While
mechanical valves offer superior durability
and lower long-term reoperation rates,
their reliance on lifelong anticoagulation
introduces significant maternal risks,
includingthromboembolism, hemorrhage,
and anticoagulation-related complications
during pregnancy.! In contrast, while
bioprosthetic valves reduce the need for
anticoagulation, there is a higher chance
of structural valve deterioration associated
with them, which might result in
reoperation being necessary for younger
patients.

The decision between valve types is
further complicated because of changes
in both physiology and hemodynamics,
prosthetic valves are subject to greater
strain during pregnancy.* Mechanical
valves increase the risk of valve thrombosis
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and other maternal problems during
pregnancy, while bioprosthetic valve
recipients may face challenges related to
valve degeneration over time.* Despite
advancements in surgical techniques
and valve technology, there remains
considerable uncertainty regarding the
optimal prosthetic valve choice for young
women, particularly those planning
pregnancies.

This investigation aims to compare
cardiac, maternal, and fetal outcomes
between bioprosthetic and mechanical
valves in young women, with a focus on
identifying the benefits and risks associated
with each valve type. By addressing
this knowledge gap, we seek to provide
evidence-based insights to guide clinical
decision-making and improve outcomes
for this unique patient population.

METHODS

Study Design

We performed a comprehensive search
on electronic databases: PubMed and
ScienceDirect. The Preferred Reporting
Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines were

Valve replacement for the heart in young women, particularly those who are pregnant, is challenging. It requires finding
the right balance between valve durability, managing anticoagulation, and ensuring positive reproductive outcomes. This
systematic review and meta-analysis compared mechanical prosthetic (MP) and bioprosthetic valves (BP) across cardiac,
maternal, and fetal outcomes. Nine studies were included following a comprehensive literature search. The analysis revealed
MACE invol.
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followed to ensure high-quality and
transparent reporting in this systematic
review and meta-analysis.” The search
strategy =~ combined  keywords and
Boolean operators, using the terms:
((bioprosthetic valve) OR (biological
valve) OR (mechanical) OR (mechanical
valve)) AND ((young) OR (young age)
OR (Women) OR (Pregnancy) OR
(childbearing)). The search was conducted
until August 2024. Additional manual
searches of reference lists from relevant
articles were performed.

Inclusion and exclusion criteria

The primary emphasis of the inclusion
criteria was research about bioprosthetic
or mechanical heart valve replacement in
women who were either youth (< 50 years
old) or of childbearing age. Eligible studies
had to provide data on cardiac outcomes
(major adverse cardiac events/MACE,
thromboembolic events, structural valve
deterioration/SVD, re-operation or redo
surgery), maternal outcome (pregnancy
loss), or fetal outcome (preterm delivery).
Studies without sufficient data or those
that did not differentiate between valve
types were excluded. Case reports,
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editorials, and conference abstracts were
also not included.

Outcomes of interest

Cardiac outcomes: MACE refers to a
composite of severe cardiac complications,
including cardiac death, MI, heart
failure, and thromboembolic events.®
Thromboembolic events involve blood
clots or emboli obstructing blood flow,
such as valve thrombosis, stroke, or
systemic embolism.” Structural valve
deterioration (SVD)  describes the
progressive degeneration or dysfunction
of a bioprosthetic valve, characterized by
calcification, leaflet tearing, or stenosis,
often necessitating reoperation.”> Re-
operation or redo surgery refers to
a surgical procedure performed to
replace or repair a previously implanted
prosthetic heart valve due to dysfunction
or complications.

Maternal outcome: Pregnancy
loss encompasses any spontaneous
or medically induced termination of
pregnancy. This includes miscarriage
(fetal death occurring after 20 weeks of
gestation), stillbirth (fetal death occurring
before 20 weeks of gestation), and elective
termination.

Fetal outcome: Birth that takes place
before 37 weeks of gestation is referred to
as preterm delivery. This outcome is often
associated with neonatal morbidity or
mortality.

Data extraction and quality assess-
ment

The data was retrieved separately by two
reviewers (IKAPH, PFKP) using a uniform
data collecting form. We collected data
from studies including author, publication
year, study design, valve types, patient
demographics, and outcome metrics.
These included maternal and fetal
outcomes as well as cardiac outcomes. A
well-known instrument for observational
studies, the Newcastle-Ottawa Scale
(NOS) was used to evaluate the included
publications” systematic quality.® Studies
were classified as low quality (<5 points),
moderate quality (5-7 points), or high
quality (>7 points). Discrepancies between
reviewers discussed or consulted with
other reviewers to resolve (KPY, IWS).
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—
Records identfied from : o o bolw
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@ v

Reports assessed for eligibility
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Review and Meta-Analysis
(n=9)
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—
E
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Figure 1. PRISMA flow diagram.

Statistical analysis

A meta-analysis was conducted using
RevMan 5.4.1. Odds Ratio (OR) with 95%
CIs were calculated. When measuring
heterogeneity using the I” statistic, a value
of 25% was considered low, 50% moderate,
and 75% high. To assess the possibility of
publication bias, funnel plots were used.

RESULTS

Study Selection and Characteristics

We found 1,314 records in total from
ScienceDirect and 1,051 from PubMed,
yielding 1,734 total records after the
elimination of duplicates. After the
abstracts and titles were checked, 635
papers were examined, with 201 assessed
for eligibility. The final tally for the
studies included in the meta-analysis
and systematic review was nine.>*'¢
The flowchart of studies selection and

Reports excluded:

+« rrelevant population
n=79)

« Incomplete data for analysis
(n=43)

*  Sludy design (n = 23)

e Study with no comparison
(n=47)

Y

identification are summarized in Figure
1. The included studies featured 4,874
patients with mechanical MP and 1,556
patients with BP, focusing on young
women or women of childbearing age.
Valve sites varied across studies, with
mitral valve replacements predominating
in both BP and MP groups. The details of
the study characteristics as stated in Table
1.

Quality of Included Studies

The quality assessment using the
Newcastle-Ottawa Scale (NOS)
demonstrated all research was of moderate
to first-rate, with ratings beginning at 7
to 8, as seen in Table 2. All studies were
retrospective cohort studies.

Cardiac Outcomes
MACE was reported in six studies. The
pooled analysis showed no statistically
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Table 2. The Newcastle-Ottawa Scale qualitative analysis of the included studies
Author Study design " NOS Sc0|"e' Total score
Selection Comparability Outcome
North et al., 1999 Retrospective %k * ok * ok 7
Sadler et al., 2000 Retrospective kK * %k kK 8
Bozso et al., 2020 Retrospective Yk k ok ok 7
Batra et al., 2018 Retrospective Y kok ok kK 8
Lameijer et al., 2018 Retrospective * %k ** * %k 8
Lawley et al., 2014 Retrospective * ok * k * ok 8
Singab et al., 2020 Retrospective * %k * % * %k 8
Ng et al., 2023 Retrospective * %k * % * % 7
Bouhout et al., 2014 Retrospective * %k * * %k 8

a valve thrombosis rate of 4.7%, with
half of these events occurring during the
transition from VKAs to low molecular
weight heparin (LMWH)."”

This critical period aligns with our
findings of heightened thromboembolic
risks and further underscores the
importance of vigilant anticoagulation
management, particularly during
pregnancy. Report from Suri et
al. Regarding the management of
anticoagulation throughout pregnancy,
no significant difference was seen
between the MP and BP groups. Using
mechanical valve prostheses is difficult
since no known treatment is completely

safe for the mother and the unborn
child. This investigation compared
oral anticoagulants (acenocoumarol)

and heparin, with oral anticoagulants
increasing thrombotic risks and heparin
causing more hemorrhagic complications.
This investigation found 72.1% live births
but higher spontaneous abortions with
acenocoumarol and significant maternal
risks, emphasizing the need for tailored
care.'

Structural valve deterioration (SVD),
on the other hand, was significantly more
common in the BP group. This aligns
with existing literature indicating that
bioprosthetic valves, while advantageous
in terms of reduced thromboembolic risk,
are prone to degeneration, particularly in
younger populations with higher cardiac
output demands. SVD in bioprosthetic
valves is common due to mechanical
stress, calcification, immune responses
to residual antigens, and atherosclerotic
processes.” Sbarouni and Oakley also
noted accelerated deterioration  of
bioprosthetic valves during pregnancy,
necessitating reoperation in some cases.”

Our analysis also showed that re-operation
was increased in the BP group compared to
the MP group. Our study did not evaluate
the long-term durability between MP and
BP in young women or during pregnancy.
But, the study by North et al. showed that
the 10-year valve loss in young women
was increased in BP (82%) compared
to MP (29%), with a significant relative
risk (RR) of valve loss (Bioprosthetic vs.
Mechanical): 2.48 (95% CI, 1.35-4.57).°
This finding also strengthens our results
that the durability of the MP group is
undoubtful.

Pregnancy loss considerably increased
in MP compared to BP. This finding
highlights the challenges associated
with  managing mechanical valves
during pregnancy, particularly the risks
associated with anticoagulation therapy.
The teratogenic effects of warfarin, along
with the potential for anticoagulation-
related hemorrhage or valve thrombosis,
likely contribute to MP patients being
at a higher risk of miscarriage?' In
contrast, BP valves, which often do not
require anticoagulation, may offer a
safer alternative for women planning
pregnancies, despite  their  shorter
durability.

Although preterm delivery was more
common in women with MP, the difference
was not statistically significant. High
heterogeneity in this analysis suggests
that outcomes may vary depending on
factors such as anticoagulation protocols,
patient comorbidities, and the timing of
valve implantation relative to pregnancy.
Nevertheless, the trend toward better fetal
outcomes with BP supports their use in
young women who prioritize pregnancy
outcomes over long-term valve durability.

The findings of this analysis highlight

the complex trade-offs between valve
durability, anticoagulation-related risks,
and pregnancy outcomes. Mechanical
valves  offer  superior  long-term
durability but at the cost of increased
thromboembolic  risk and  poorer
maternal outcomes during pregnancy.
Bioprosthetic valves, while associated
with better pregnancy outcomes, may
necessitate earlier reoperation due to
structural deterioration. The significance
of considering patient preferences,
reproductive goals, and the hazards linked
to each valve type in making personalized
decisions is highlighted by these results.

This investigation is strengthened by the
inclusion of multiple high-quality studies
and a rigorous methodological approach.
However, limitations include considering
past events of most included studies and
the high heterogeneity observed in some
analyses, particularly for preterm delivery.
Publication bias was evident in some
funnel plots, potentially influencing the
robustness of the findings. Future research
should focus on prospective studies and
standardized reporting of outcomes to
better inform clinical guidelines.

CONCLUSION

In conclusion, although mechanical valves
are more long-lasting, they come with a
greater risk of thromboembolic events
and miscarriage. Although bioprosthetic
valves improve outcomes for both the
mother and the fetus, they do have
some drawbacks, such as a higher risk
of structural valve degeneration and the
need for repeat or re-operational surgery.
These results emphasize the importance
of tailored treatment plans and provide
crucial evidence to help young women
choose replacement valves.
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A.) Major Adverse Cardiac Events

Mechanical  Bioprosthetic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bozso 2020 4 57 3 57 7.7% 1.36 [0.29, 6.36]
Lameijer 2018 g 190 [} 50 12.2% 4.04[1.27,12.83]
Lawley 2014 3 20 3 44 66%  241[0.44,1317] —
Ng 2023 509 4152 111 874 413% 096 [0.77, 1.20] -
Sadler 2000 10 50 4 13 9.4% 0.56 [0.14, 2.21] I
Singab 2020 2z 181 15 174 22.9% 1.47 [0.73, 2.93] T
Total (95% CI) 4479 1221 1000%  1.31[0.82,2.09]
Total events 556 145
Heterogeneity: Tau’ = 0.13; Chi’ = 859, df = 5 (P = 0.13); I = 42% oL o1 + + J
Test for overall effect: Z = 1.12 (P = 0.26) Favours [Mechanical] Favours [Bioprosthetic]
B.) Thromboembolic
Mechanical  Bioprosthetic Odds Ratio Odds Ratio
Study or Su Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Batra 2018 a7 o 241 5.3% 17.21 [0.98, 303.11] ¥
Lameijer 2018 3 19 o 59 4.B% 25.24 [1.24, 513.62] ——F
North 1999 80 178 9 73 75.6%  5.80([2.72,12.38) —u—
Sadler 2000 5 50 1 33 9.0%  3.56[0.40,31.91) —
Singab 2020 8 181 0 134 53% 13.18(0.75. 230.36] - -—
Total (95% CI) 645 540 100.0% 6.59 [3.41, 12.74] e
Total events 103 1
Heterogeneity: Tau® = 0.00: Chi* = 1.63, df = 4 (P = 0.77); I* = 0% Ho1 o 0 00
Tt fov ovarall wffece. L= 5.61 0% « 000001 Favours [Mechanical] Favours [Bioprosthetic]
C.) Structural Valve Deterioration
Mechanical Bioprosthetic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
North 1999 0 123 44 53 503%  0.00(0.00,0.02]
sadler 2000 o 50 4 40 49.7%  0.08 [0.00, 1.54] —_—
Total (95% CI) 173 93 100.0%  0.01[0.00,0.70] e—
Total events 5} 48
Heterogeneity: Taw® = .07, Chi® = 4,66, df = 1 (P = 0.03); I* = 79%
0001 0.1 10 1000
Test for overall effect Z = 2.12 (P = 0.03) Favours [Mechanical] Favours [Bioprosthetic]
D.) Re-operation or redo surgery
Mechanical  Bloprosthetic Odds Ratie Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% €I
Bozso 2020 1 57 5 57  35.4%  0.19(0.02, 1.64] —_—
North 1993 23 123 47 53  G4.6% 0,03 [0.01, 0.08] ——
Total (95% CI) 180 110 100.0% 0.06 [0.01, 0.32] — i
Total events 24 52
Heterogeneity: Tau® = 0.96; Chi* = 2,30, df = 1 (P = 0.13); I = 57% k + + '
. 0.001 0.1 10 1000
Test for overall effect. Z = 3.26 (P = 0.001} Favours [Mechanical] Favours [Bioprosthetic]
E.) Pregnancy Loss
Mechanical  Bioprosthetic Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Batra 2018 133 217 36 241 27.1%  9.02[5.76, 14.10] -
Bouhout 2014 3 7 9 20 14.0%  0.92[0.16,5.21] —_—
Lameijer 2018 9 28 15 74 2L.7% 1.86 [0.70, 4.94] +—
Sadler 2000 20 50 2 33 15.8% 21.40[4.61,99.47] —_—
Singab 2020 20 132 5 134 21.3% 4.61[167, 12.68 —
Total (95% CI} 434 502 100.0% 4.62 [1.87, 11.40] e
Total events 194 67
Heterogeneity: Tau’ = 0.73; Chi* = 16.00, df = 4 (P = 0.003); I' = 75% k t i
ol i 0.001 0.1 10 1000
Test for overall effect: Z = 3.32 (P = 0.0009) Favours [Mechanical] Favours [Biprosthetic]
F.) Preterm Delivery
Mechanical  Bioprosthetic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bouhout 2014 1 4 1 11 6.9% 3.33 [0.16, 70.91]
Lameijer 2018 6 19 9 50 183% 2.56 [0.77, 8.51) +—
Lawley 2014 6 20 7 44 17.8% 2.27 [0.65, 7.92] T I
Ng 2023 418 4152 128 B74  25.9% 0.65 [0.53, 0.81) -
Sadler 2000 12 21 0 26 7.3% 69.74[3.75, 1295.93] —_—+#
Singab 2020 38 13z 21 134 23.7% 2.18[1.19, 3.96] —
Total (95% CI) 4348 1148 100.0% 2.20 [0.86, 5.58] et
Tatal events 481 166
Heterogeneity: Tau’ = 0.86; Chi’ = 30.29, df = 5 (P < 0.0001); I" = 83% o o0

Test for overall effect: Z = 1.65 (P = 0.10)

Figure 2. Forest Plots Comparing Mechanical and Bioprosthetic Valves for Cardiac,
Maternal, and Fetal Outcomes. A) MACE, B) Thromboembolic Events, C)
Structural Valve Deterioration (SVD), D) Re-operation or redo surgery,
E) Pregnancy Loss, and F) Preterm Delivery. Odds ratios are calculated as

mechanical prosthetic (MP) over BP.
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Events, C) Structural Valve Deterioration (SVD), D) Re-operation or redo surgery, E) Pregnancy Loss, and F) Preterm

10.

11.

12.

Delivery.

Wells G, Shea B, O’Connell D, Peterson je,
Welch V, Losos M, et al. The Newcastle-Ottawa
Scale (NOS) for Assessing the Quality of Non-
Randomized Studies in Meta-Analysis.
20005

North RA, Sadler L, Stewart AW, McCowan
LME, Kerr AR, White HD. Long-term survival
and valve-related complications in young
women with cardiac valve replacements.
Circulation. 1999;99(20):2669-76.

Sadler L, McCowan L, White H, Stewart A,
Bracken M, North R. Pregnancy outcomes
and cardiac complications in women with
mechanical, bioprosthetic and homograft

valves. BJOG: An International Journal of

Obstetrics and Gynaecology. 2000;107(2):245-
53.

Bozso S], White A, Kang JJH, Hong Y, Norris
CM, Lakey O, et al. Long-term Outcomes
Following Mechanical or Bioprosthetic Aortic
Valve Replacement in Young Women. CJC
Open. 2020;2(6):514-21.

Batra ], Itagaki S, Egorova NN, Chikwe J.
Outcomes and Long-term Effects of Pregnancy
in Women With Biologic and Mechanical Valve

13.

14.

15.

17.

Prostheses. American Journal of Cardiology.
2018;122(10):1738-44.

Lameijer H, van Slooten Y], Jongbloed MRM,
Oudijk MA, Kampman MAM, van Dijk AP,
et al. Biological versus mechanical heart valve
prosthesis during pregnancy in women with
congenital heart disease. International Journal
of Cardiology. 2018;268(2017):106-12.

Lawley CM, Algert CS, Ford JB, Nippita TA,
Figtree GA, Roberts CL. Heart valve prostheses
in pregnancy: Outcomes for women and
their infants. Journal of the American Heart
Association. 2014;3(3):1-8.

Singab H, Sami G. Mitral valve bioprosthesis
is safer han mechanical mitral prosthesis
in young women. Heart Surgery Forum.
2020;23(5):E677-84.

BouhoutI, Poirier N, Mazine A, Dore A, Mercier
LA, Leduc L, et al. Cardiac, obstetric, and fetal
outcomes during pregnancy after biological or
mechanical aortic valve replacement. Canadian
Journal of Cardiology. 2014;30(7):801-7.
Economy KE, Valente AM. Mechanical
Heart Valves in Pregnancy. Circulation.
2015;132(2):79-81.

18. Suri V, Keepanasseril A, Aggarwal N, Chopra
S, Bagga R, Sikka P, et al. Mechanical valve
prosthesis and anticoagulation regimens
in pregnancy: A tertiary centre experience.
European Journal of Obstetrics and Gynecology
and Reproductive Biology. 2011;159(2):320-3.
Belluschi I, Buzzatti N, Castiglioni A, De Bonis
M, Maisano E Alfieri O. Aortic and mitral
bioprosthetic valve dysfunction: Surgical or
percutaneous  solutions? European Heart
Journal, Supplement. 2021;23:E6-12.

Sbarouni E, Oakley CM. Outcome of pregnancy
in women with valve prostheses. British Heart
Journal. 1994;71(2):196 LP — 201.

Soma-Pillay P, Nene Z, Mathivha TM,
Macdonald AP. The effect of warfarin dosage
on maternal and fetal outcomes in pregnant
women with prosthetic heart valves. Obstetric
medicine. 2011;4(1):24-7.

(@FoM

This work is licensed under a Creative Commons Attribution

19.

20.

21.

Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2024; 4(2): 26-31 | DOI : 10.51559/jinava.v4i2.70

31


http://dx.doi.org/10.51559/jinava.v4i2.70

