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ABSTRACT

Introduction and objectives: Direct oral anticoagulant (DOAC) therapy has been shown to be safe and
effective in patients with atrial fibrillation (AF). However, outcomes in AF patients with bioprosthetic
valves are unclear, as this population has been underrepresented in clinical trials. The aim of this study
was to assess the safety and efficacy of DOACs in this population based on the existing published
literature.
Methods: A systematic search and review were conducted to identify randomized clinical trials and
comparative observational studies published from 2017 to January 2022 that compared DOACs and
vitamin K antagonists (VKAs) in AF patients with bioprosthetic valves. Hazard ratios (HR) were collected
to compare the 2 treatments in terms of cardiovascular and all-cause mortality, stroke/systemic
embolism, and major bleeding. A meta-analysis combining the results was performed.
Results: We included 12 studies (30 283 patients). DOACs and VKAs were compared based on HRs at the
95% confidence interval. DOAC therapy was associated with a significant 9% reduction in all-cause
mortality (HR, 0.91; 95%CI, 0.85-0.97; P =.0068; I = 8%), with no significant differences in the risk of
stroke/systemic embolism (HR, 0.87; 95%CI, 0.67-1.14; P=.29; I = 45%) or major bleeding (HR, 0.82;
95%ClI, 0.67-1.00; P=.054; I° = 48.7%).
Conclusions: DOAC therapy in AF patients with bioprosthetic valves may be associated with a significant
reduction in all-cause mortality, with no reduction in the efficacy of stroke/systemic embolism
prevention or increase in major bleeding risk.

© 2023 Published by Elsevier Espaiia, S.L.U. on behalf of Sociedad Espaiiola de Cardiologia.

ACOD frente a AVK en pacientes con fibrilacion auricular y bioprotesis: revision
sistematica y metanalisis

RESUMEN

Introduccion y objetivos: Los anticoagulantes orales directos (ACOD) se han mostrado eficaces y seguros
en pacientes con fibrilacién auricular; sin embargo, los pacientes con FA y bioprotesis estan
infrarrepresentados en los ensayos clinicos, por lo que la evidencia en este grupo es menor. Nuestro
objetivo fue analizar la seguridad y eficacia de los ACODs en esta poblacion revisando la informacién
existente en la literatura.

Meétodos: Se realizd6 una btsqueda y revision sistemadtica con los ensayos clinicos aleatorizados y
estudios observacionales comparativos desde 2017 a enero de 2022, que comparasen ACODs y
antagonistas de vitamina K (AVK) en pacientes con FA y bioprotesis. Se utilizo la hazard ratio al 95% del
intervalo de confianza para comparar ambos grupos en términos de mortalidad total y cardiovascular,
ictus/embolia sistémica y hemorragia mayor. Se realizé un metanalisis combinando los resultados de los
estudios incluidos.

Resultados: Se incluyeron 12 estudios (un total de 30.283 pacientes). Los ACODs se asociaron a una
reduccién significativa del 9% de la mortalidad total (HR = 0,91; IC95%, 0,85-0,97; p = 0,0068; I? = 8%), sin
diferencias significativas en el riesgo de ictus/embolismo sistémico (HR=0,87; 1C95%, 0,67-1,14;
p=0,29; P= 45%) o hemorragia mayor (HR = 0,82; 1C95%, 0,67-1,00; p = 0,054; P= 48.7%).
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Conclusiones: En pacientes con FA portadores de bioprotesis, los ACODs podrian asociarse a una
reduccion de la mortalidad total sin reduccion de eficacia en la prevencion de ictus/embolia sistémica o
aumento del riesgo de hemorragia mayor.

© 2023 Publicado por Elsevier Espaiia, S.L.U. en nombre de Sociedad Espaiiola de Cardiologia.

Abbreviations

AF: atrial fibrillation

DOAC: direct oral anticoagulant

SMVR: surgical mitral valve replacement
TAVI: transcatheter aortic valve implantation
VKA: vitamin K antagonist

INTRODUCTION

Direct oral anticoagulants (DOACs) have been increasingly used
for cardioembolic prophylaxis in patients with nonvalvular AF. The
large randomized clinical trials published to date have shown that
these agents are as effective or more so than vitamin K antagonists
(VKAs) in the prevention of thromboembolic events and generally
have a better bleeding risk profile. However, patients with
bioprosthetic valves have been underrepresented in these studies.
Furthermore, the studies used to validate the CHA,DS,-VASc score
have not included bioprosthesis patients.! The European Clinical
Guidelines? make a IIA recommendation with level of evidence C
for the use of DOACs in this group (IIB in the first 3 months
following valve replacement) based on the results of substudies
conducted as part of these clinical trials.® In contrast, the North
American guidelines do not support this recommendation®
because 2 of these substudies were analyzed post hoc in a small
group of patients,”® and another study comparing warfarin vs
dabigatran was discontinued prematurely because of low recruit-
ment.’

Even though the evidence on DOAC safety and efficacy in this
patient population has not yet been well established, these drugs
are increasingly being used in the clinical practice.®

The objective of this study was to assess the safety and efficacy
of DOAC in patients with AF and bioprosthetic valves through a
systematic review and meta-analysis including recent evidence
from comparative cohort studies and real-world results.

METHODS

A systematic review of the scientific literature and a subsequent
meta-analysis were carried out following the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
statement guidelines® for systematic reviews (figure 1).

Systematic search

The first nonformal searches were performed in January
2022 combining the terms ‘bioprosthetic valves’ and ‘direct antic-
oagulants’ in the PubMed and Scopus databases. A systematic

search was subsequently conducted in the PubMed database using
Boolean operators, restricting the search to articles published from
2017 (inclusive) to January 2022. The combination of terms
providing the best results is presented in the supplementary data.
Specifically, 609 results were obtained. Secondary sources were
subsequently searched by searching references from initially
identified articles and reviews. Inclusion and exclusion criteria
were established prior to study selection (table 1).

Screening for study selection was conducted separately by
2 independent and blinded authors through title and abstract
reading, to select the studies based on our inclusion and exclusion
criteria. Disagreements were resolved by consensus.

Of all the screened studies, 50 were eligible for a comprehensive
evaluation and 12 were finally selected for their inclusion in the
quantitative analysis. This process and the reasons for exclusion
are summarized in the PRISMA flow diagram (figure 1). The
characteristics of the studies included in the meta-analysis are
described in table 2.

Outcomes of interest

The primary outcome of interest was all-cause mortality.
Secondary outcomes were systemic embolism or stroke and
cardiovascular mortality. The primary safety outcome was major
bleeding. We accepted the criterion of major bleeding from each
study. Systemic embolism or stroke was defined as ischemic
stroke, systemic embolism, and/or transient ischemic attack.

Statistical analysis
Measure of interest and software

The data extracted from all the studies consisted of the HR for
each outcome of interest. The measure of uncertainty was
calculated using a 95% confidence interval (95%CI). Although the
meta-analysis was initially based on 12 studies, those with missing
data, either for the effect size (hazard ratio [HR]) or the 95%CI, were
excluded from each analysis.

The data extracted to evaluate the effect of the intervention
were those derived from intention-to-treat analysis (in random-
ized clinical trials [RCTs]) and fully-adjusted models (for observa-
tional studies). The selected intervention effects were those
derived from the longest follow-up period for each study.

The metagen function in the meta library of the statistical R
package!® was used to work with HRs on a logarithmic scale. Both
the random effects model and the fixed effects model were
simultaneously fitted to the data and then updated based on
heterogeneity tests.

The inverse variance method was used to obtain the estimator
of the overall effect size and the Paule-Mandel estimator for the
random error. The Q-profile method was used for the CI of this
error, and the Hartung-Knapp correction was applied when a
random effects model was used.
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Figure 1. PRISMA flow diagram.

Moderator of subgroup analysis

Given the initial differentiation among studies (RCT and
observational studies), we tested a priori differences through the
Borenstein and Higgins fixed-effects plural model.*°

Table 1
Inclusion and exclusion criteria for the selection of studies for the meta-
analysis

Inclusion criteria Exclusion criteria

- Noncomparative studies.
- Patients without AF or atrial flutter.
- Meta-analysis.

- RCTs or comparative observational
studies.

- Comparing DOACs vs vitamin K
antagonists.

- In patients with AF or atrial flutter
and bioprosthetic valves.

- Including all-cause mortality, major
bleeding, and systemic embolism
results.”

- Published from January 2017 to
January 2022.

AF, atrial fibrillation; DOAC, direct oral anticoagulant; RCT, randomized clinical
trial.

2 Defined as ischemic stroke, systemic embolism, and/or transient ischemic
attack

Meta-analysis and heterogeneity

The conclusions regarding heterogeneity between studies
were based on the CI for the random error tau (), the Cochran Q
test, the Higgins and Thomson (I°) statistic (describing the
percentage of variability of the effect sizes due to the
heterogeneity), and the H statistic based on Cochran’s Q
comparing the observed with the expected variability. When
any of the tests provided evidence of heterogeneity, the random
effects model was chosen. The overall effect size was estimated
with the chosen model (fixed or random effects) and conclusions
were based on its significance and CI.

Results were also displayed in forest plots where weights given
to the combined studies—based on the precision of the estimates—
were also shown.

Influence analysis

An influence analysis to identify outlier studies using the
find.outliers function of the meta library in R was carried out. An
influence analysis was also done for those studies with high
weights in the meta-analysis in order to study its sensitivity (or
robustness) to dispensing with them.



Table 2

Key features of the studies included in the meta-analysis

Name Study type Year DOACs dosing Type of bioprosthetic n= Results Median
schedules valve follow-up
Carnicelli et al.® RCT 2017 Edoxaban 60 mg/24 SAVR: 31.4% 191 Major bleeding: HR, 0.5 (95%CI, 0.15 -1.67) 28y
(ENGAGE h SMVR: 68.6% Stroke/systemic embolism: HR, 0.37 (95%CI, 0.10-1.42)
AF-TIMI 48)
Guimaries et al.” Analysis of a 2019 Apixaban 5 mg/12 h SAVR: 70.19% 104 Ischemic stroke/systemic embolism: HR, 1.71 (95%CI, 0.31-9.37) 16y
(ARISTOTLE) subgroup in an SMVR: 25% All-cause mortality: HR, 1.02 (95%Cl, 0.34-3.03)
RCT Both valves: 4.8% Major bleeding: HR, 0.88 (95%CI, 0.31-2.52)
Russo et al.’® Prospective 2019 Apixaban: 55.4%, AVR: 49.2% 260 Embolic event: HR, 0.49 (95%CI, 0.19-1.22) 26.8 mo
cohort Rivaroxaban: 30.0%, MVR: 50.7% Major bleeding: HR, 0.59 (95%CI, 0.15-2.40) 1
Dabigatran: 13.1%, All-cause mortality: HR, 0.50 (95%Cl, 0.05-5.45)
Edoxaban, 1.4%)
Jochheim et al.!! Prospective 2019 Rivaroxaban: 53.7%, TAVI 962 All-cause mortality: HR, 1.36 (95%CI, 0.9-2.06) 593.5d
cohort Apixaban: 39.2%, Stroke/systemic embolism: HR, 1.38 (95%Cl, 0.61-3.13)
Dabigatran: 7.1% Major bleeding: HR, 0.9 (95%CI, 0.64-1.26)
Guimaries et al.> RCT 2020 Rivaroxaban 20 mg/ SMVR 1005 All-cause mortality: HR, 0.65 (95%CI, 0.35-1.2) 12 mo
(RIVER) 24 h Stroke/systemic embolism: HR, 0.25 (95%CI, 0.07-0.88)
Major bleeding: HR, 0.54 (95%Cl, 0.21-1.35)
Kawashima Prospective 2020 NA TAVI 403 All-cause mortality: HR, 0.53 (95%CI, 0.29-0.96) 568 d
et al.'? cohort Stroke/systemic embolism: HR, 0.79 (95%CI, 0.16-3.94)
Major bleeding: HR, 0.61 (95%ClI, 0.24-0.51)
Duan et al."? Retrospective 2021 Dabigatran: 82.4%, SAVR: 64.5% 2672 All-cause mortality: HR, 0.87 (95%Cl, 0.72- 1.05) 29y
cohort Apixaban: 13.6%, SMVR: 35.29% Ischemic stroke/systemic embolism: HR, 1.19 (95%CI, 0.96-1.46)
Rivaroxaban: 3.8% Major bleeding: HR, 0.69 (95%ClI, 0.56-0.85)
Butt et al.'* Retrospective 2021 Dabigatran: 30.6%, TAVI 735 All-cause mortality: HR, 0.93 (95%Cl, 0.61-1.4) DOAC:
cohort Rivaroxaban: 31.1%, Major bleeding: HR, 1.14 (95%CI, 0.63-2.06) 369 days
Apixaban 38.3%. Stroke/systemic embolism: HR, 1.23 (95%ClI, 0.58-2.59) AVK: 823 d
Van Mieghem RCT 2021 Edoxaban: 60 mg/24 TAVI 1426 All-cause mortality: HR, 0.86 (95%CI, 0.64-1.15) 554 d
et al.’” h Stroke/systemic embolism: HR, 0.78 (95%CI, 0.48-1.28)
(ENVISAGE) Major bleeding: HR, 1.4 (95%CI, 1.03-1,91)
Mannacio et al.'® Retrospective 2021 Dabigatran, SAVR 642 Major bleeding: HR, 0.50 (95%CI, 0.31-0.86) DOAC: 38y
cohort Rivaroxaban, Stroke/systemic embolism: HR, 0.60 (95%CI, 0.4-0.9) AVK: 49y
Apixaban or
Edoxaban
Tanawuttiwat Retrospective 2022 Dabigatran: 8.79%, TAVI 21131 All-cause mortality: HR, 0.92 (95%ClI, 0.85-1.0) 12 mo/30d
et al.'” cohort Rivaroxaban, Stroke or systemic embolism: HR, 1.0 (95%CI, 0.81-1.23)
Apixaban or Major bleeding: HR, 0.81 (95%CI, 0.75-0.89)
Edoxaban: 91.21%
Izumi et al.'® Prospective 2022 NA SMVR: 21.8% 752 Stroke or systemic embolism: HR, 1.02 (95%CI, 0.3-3.41) 15.3 mo

cohort

SAVR: 65.8%
(percutaneous: 40.1%,
surgical: 59.9%)

Both valves: 12.4%

Major bleeding: HR, 0.96 (95%Cl, 0.29-3.16)

95%CI, 95% confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio; RCT, randomized clinical trial; NA, not available; SAVR, surgical aortic valve replacement; SMVR, surgical mitral valve replacement; TAVI,

transcatheter aortic valve replacement.
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Publication bias

The publication bias analysis was performed using Duval and
Tweedie’s “trim and fill” method,?! only when the random effects
model had been fitted to the available studies. This procedure
replicates studies with an effect size that differs significantly from
those of the other studies using mirror values (from the mean) and
readjusts the random effects meta-analysis.

Risk of bias in individual studies

Study quality was assessed using the Cochrane Collaboration
ROB-2.0 tool?? (figure 1 of the supplementary data) for RCTs and
the Newcastle-Ottawa Scale?® (table 1 of supplementary data) for
observational studies.

RESULTS

Our analysis included 12 studies, 4 RCTs and 8 observational
studies that enrolled a total of 30 283 patients.

All-cause mortality and cardiovascular mortality

The subgroup analysis did not provide evidence of differences
between observational studies and RCT (P =.37), or heterogene-
ity within subgroups (P=.32), therefore 6 observational and
3 RCT providing data on all-cause mortality were combined
(ﬁgure 2).3,5,10—15,17.

The study by Tanawuttiwat et al.!” was the most precise of all to
estimate the HR and the study with the greatest impact on the
meta-analysis (72% weight). There was no evidence of heteroge-
neity and a fixed effects model was therefore used. A 9% reduction
was found for all-cause mortality in patients treated with DOACs
(HR, 0.91; P=.0068; 95%Cl, 0.85-0.97; F¥=8%). The influence
analysis did not identify any outlier studies.

Excluding the study by Tanawuttiwat et al.!” from the
sensitivity analysis did not result in significant differences
between the 2 treatments (HR, 0.88; P=.06; 95%CI, 0.77-1.01;
P = 16.3%). However, this study was not identified as an outlier,
and after its inclusion there was no evidence of heterogeneity, and
therefore no concerns were found for its inclusion in the analysis.

Cardiovascular mortality was also assessed, with just 3 studies
in the meta-analysis providing results, which inevitably yielded
little evidence and represented a limitation for the interpretation
of the findings in conjunction with the other conclusions drawn
from this study (figure 3).>>15,

No significant differences were found between treatments (HR,
0.88; P=.446; 95%Cl, 0.63-1.23; ’=0%) and no evidence of
heterogeneity was revealed. There was no evidence of outliers. The
study by Van Mieghem et al.’> was found to be the most precise of
all to estimate the HR and received a 68% weight. Excluding this
study for the sensitivity analysis did not result in significant
differences between the 2 treatments.

Stroke and systemic embolism

The subgroup analysis showed no differences between obser-
vational studies and RCT (P=.22), or heterogeneity within

Study TE seTE
Guimaraes, 2020° -0.43 0.3143
Guimaraes, 2019° 0.02 0.5579
Van Mieghem, 2021"°  -0.15 0.1495
Kawashima, 2020 —0.63 0.3021
Jochheim, 2019" 0.31 0.2112
Tanawuttiwat, 2022  —0.08 0.0415
Butt, 2021™ —0.07 0.2119
Duan, 2021" -0.14 0.0963
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Figure 2. All-cause mortality forest plot with the fixed effects model. DOACs, direct oral anticoagulants; VKAs, vitamin K antagonists.
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Figure 3. Cardiovascular mortality forest plot with the fixed effects model. DOACs, direct oral anticoagulants; VKAs, vitamin K antagonists.
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Study TE seTE Hazard ratio HR 95%Cl Weight
Guimaraes, 2020° -1.39 0.6458 —O—! 0.25 [0.07-0.89] 3.1%
Guimaraes, 2019° 0.54 0.8672 1.71 [0.31-9.38] 1.8%
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Tanawutti\%al, 2022 0.00 0.1066 1.00 [0.81-1.23] 20.7%
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Duan, 2021° 0.17 0.1070 E 1.19 [0.96-1.47] 20.7%
Russo, 2019’ —-0.71 0.4744 — 0.49 [0.19-1.24] 52%
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Heterogeneity: I? = 45%, t* = 0.0607, P = .05 e !
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Figure 4. Stroke and systemic embolism forest plot with the random effects model. DOACs, direct oral anticoagulants; VKAs, vitamin K antagonists.

subgroups (P =.08); therefore 4 RCT and 8 observational studies
were combined (figure 4).3°>6.10-18

Weights varied widely, and both studies by Tanawuttiwat
et al.'” and Duan et al.> were assigned the maximum weight of
approximately 20.7%. As there were signs of significant heteroge-
neity, a random effects model was used. No evidence showing a
significant effect of DOAC therapy on risk reduction for stroke and
embolism was obtained (HR, 0.87; P=.29; 95%Cl, 0.67-1.14;
P =45%).

The influence analysis did not identify any outlier studies and
we found no evidence of publication bias.

Major bleeding

The subgroup analysis showed no differences between obser-
vational studies and RCT (P=.1471) or heterogeneity within
subgroups (P =.1827). Therefore, the results of the 12 studies were
combined to obtain the relative risk of major bleeding associated
with DOAC therapy (figure 5).>>610-18

In this case, weights varied widely and the study by
Tanawuttiwat et al.'” was found to have the maximum weight
(23.9%) with an estimation error clearly smaller than the rest (0.04
for the standard error). Although the random error (T) was not
significantly > 0 and the H statistic’s CI contained the value of 1,
thus providing no evidence of heterogeneity, up to 48.7% of the
variation between the effect sizes was seen to result from
between-study heterogeneity, as inferred from the I? value and
Cochran’s heterogeneity test (P =.029). The random effects model
was therefore considered superior and provided an overall effect
size estimate of 0.82 based on HR (P =.054; 95%CI, 0.67-1.00). This
was not significant at the 95% level although the results were
borderline (the P value was greater than the usual 5% and the value
1 is the limit of the CI for HR estimation); however, a significant
DOAC therapy effect on bleeding reduction could not be said to
occur.

For the assessment of potential publication bias, a “trim and fill”
adjustment®! was performed by adding 3 studies to complement
the meta-analysis (Guimardes et al,®> Carnicelli et al.° and
Mannacio et al.'®). As no evidence of between-study heterogeneity
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Guimaraes, 2020: 062 04747 ———a—+— 0.54 [0.21-1.37] 3.2%
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Kawashima, 2020 -0.50 0.4651 —_— 0.61 [0.24-152] 3.3%
lzumi, 20228 -0.04 0.6093 : 0.96 [0.29-3.17] 2.1%
Jochheim, 2019" -0.11 0.1728 —I 0.90 [0.64-1.26] 13.2%
Manaccio, 2021 -0.69 0.2603 —c— 0.50 [0.30-0.83] 8.2%
Tanawuttiwat, 2022'"  —0.21 0.0437 [+ ] 0.81 [0.74-0.88] 23.9%
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Random effects model <5 0.82 [0.67-1.00] 100.0%
Heterogeneity: /° = 49%, 1* = 0.0328, p= 03 1 ! !
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Figure 5. Major bleeding forest plot with the random effects model. DOACs, direct oral anticoagulants; VKAs, vitamin K antagonists.
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Figure 6. Major bleeding forest plot excluding ENVISAGE.'®> DOACs, direct oral anticoagulants; VKAs, vitamin K antagonists.

was found, a fixed effects model was used, and the conclusions
reached, based on the findings obtained, were similar to those
already mentioned. Even when we used a random effects model
was used, we found no significant overall effect in favor of a
bleeding risk reduction with DOAC therapy.

A robustness analysis was performed subsequently, and the
study by Van Mieghem et al.® was identified as atypical compared
with the other studies included. We therefore proceeded to re-run
the meta-analysis without the results of that study and, because
we found no evidence of heterogeneity, a fixed effects model was
used. In this case, the overall effect size was HR, 0.79 (P =.0001;
95%CI, 0.73-0.85; I =0%), with a 21.1% reduction in the risk of

major bleeding with DOAC therapy compared with VKA (figure
6).3,5,6,10—14,16—18

The study by Tanawuttiwat et al.!” exhibited a high weight

(75.8%), but by excluding this study from the sensitivity analysis,
similar results were shown with a fixed effects model (HR, 0.73;
P =.0001; 95%CI, 0.63-0.84).

DISCUSSION

DOACs have been shown to have an enhanced safety profile and
have made anticoagulant therapy monitoring and follow-up easier
in AF patients. However, these benefits are less clear among
patients with bioprosthetic valves.

Conclusions were first derived from substudies that included
few patients and were part of pivotal trials conducted with
different DOACs.

The findings of the post hoc analysis of the RIVER® trial
demonstrated the noninferiority of rivaroxaban vs warfarin in
patients with AF and mitral bioprosthetic valves for a combined
outcome of death and cardiovascular or major bleeding events at
12 months.

A substudy of the ARISTOTLE® trial compared a subgroup of
108 bioprosthetic valve patients with AF receiving apixaban
(n=56) vs warfarin (n = 52) and found no differences in stroke or
systemic embolism, major bleeding, or all-cause mortality.

In the ENGAGE AF-TIMI 48 trial, a prespecified analysis®
comparing warfarin and edoxaban in patients with bioprosthetic
valves and AF showed similar rates of stroke and systemic
embolism, as well as decreased bleeding with edoxaban.

Finally, in the recent ENVISAGE TAVI- AF'®> RCT, in which AF
patients who had undergone successful TAVI were randomly
assigned to receive either VKAs or edoxaban, noninferiority for
edoxaban was shown for the composite outcome of adverse
clinical events (all-cause mortality, myocardial infarction, ische-
mic stroke or systemic embolism, valvular thrombosis, or major
bleeding). However, edoxaban did not meet the noninferiority
criteria for safety as major bleeding events due to gastrointestinal
bleeding increased in the group treated with this drug. These
findings are consistent with the increase in gastrointestinal
bleeding found in the ENGAGE AF-TIMI 48 trial.>*

Various cohort studies providing additional evidence of DOACs
in patients with bioprosthetic valves have also reached contrasting
conclusions. In the OCEAN prospective cohort,'? which included
TAVI patients, all-cause mortality decreased in the DOACs group. A
study based on the France-TAVI and FRANCE-2 registries also
found a decrease in all-cause mortality and major bleeding, and
comparable rates of ischemic stroke in patients receiving DOACs vs
VKAs.?® Contrasting results have also been obtained for the risk of
stroke and systemic embolism. In a multicenter study with
962 TAVI patients,'!' a higher rate of ischemic events and a similar
rate of bleeding events were found with DOACs. However, in a
Japanese cohort of 894 patients with bioprosthetic valves (BPV-AF
Registry),'® of whom approximately 30% were receiving DOAC
therapy, the risk of major bleeding, stroke, and systemic embolism
was similar to that of patients receiving warfarin. Similar findings
were obtained in a Danish cohort of TAVI patients.!*

Additionally, Tanawuttiwat et al.'” analyzed data from 21
131 patients receiving VKAs or DOACs identified from one of the
largest cohorts of patients with TAVI (STS/ACC Registry) and found
that DOACs were associated with a similar risk of stroke but also
with a lower risk of bleeding, intracranial hemorrhage, and 1-year
mortality.

Last, the various published meta-analyses have generally
yielded either similar results for both therapies?®?” or findings
in favor?®3° of DOACs in terms of safety and efficacy.

Our study showed a 9% reduction in all-cause mortality among
DOAC-treated patients. This reduction could be attributed to a
decrease in major bleeding reported in the included studies
(except for ENVISAGE). Although this result suggests a benefit in
favor of the superiority of NOACs in those patients, it should be
noted that, in the registry of Tanawuttiwat et al., the lower risk of
bleeding among NOAC-treated patients could be attributed to this
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group having fewer risk factors for bleeding. Therefore, this
finding, reported mainly in observational studies, could be due to
significant baseline differences between the 2 groups because of
the lack of randomization.

In the study by Yokoyama et a which combined data from
4 RCTs and 6 comparative cohort studies, DOAC use was associated
with a significant reduction in the relative risk of bleeding and no
increase in the risk of embolic events or all-cause mortality. The
differences in major bleeding reduction between the study by
Yokoyama et al. and our own could be due to the inclusion of the
results of the ENVISAGE trial.'®

In our meta-analysis, the sensitivity analysis indicated that the
ENVISAGE study'® was an outlier, in statistical terms, for major
bleeding risk. Of note, exclusion of this study from the meta-
analysis revealed significant differences in favor of DOACs.
However, the results on major bleeding in that study were finally
included in the meta-analysis as it was one of the most recent RCTs,
had high-quality data and was the only RTC assessing the use of
VKAs vs edoxaban in patients with AF after TAVL. In addition, the
study provided information on its influence on the global analysis,
and we therefore deemed its findings to deserve mention. The
higher risk of gastrointestinal bleeding in the edoxaban group may
have been due to the inclusion of older patients with greater
comorbidity, who may also have had a higher likelihood of having
an acquired von Willebrand factor deficiency. Additionally, the
indication of concomitant antiplatelet therapy was based on the
clinician’s judgment, and dual antiplatelet therapy could be used
during the first 3 months. The study also reported higher treatment
discontinuation rates in patients treated with VKAs. A further
factor that may have contributed to these findings is that, although
the target international normalized ratio (INR) was 2.0 to 3.0 in
general, it was 1.6 to 2.6 in the Japanese patients > 70 years.
However, this does not appear to be that relevant as this age group
did not account for the largest group of patients in the total study
population. In addition, in the cohort of Izumi et al.,'® in which up
to 52% of patients aged < 70 years had an INR below the target INR
< 2.0, and 91.1% of patients > 70 years had an INR < 2.6, no
significant differences were detected in the risk of major bleeding
between the 2 groups. However, that study included patients with
other types of bioprosthetic valves (only 26.4% of patients had
undergone TAVI).

In contrast to the findings of the ENVISAGE trial, Tanawuttiwat
et al.!” reported a significant decrease in bleeding and all-cause
mortality, although edoxaban was the least represented DOAC in
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that study. Another reason that could therefore explain this
discrepancy may be the existence of different bleeding risk profiles
between the various DOACs. Indeed, the ATLANTIS RCT>!
attempted to demonstrate the superiority of apixaban over VKAs
(if anticoagulation was indicated) or antiplatelet therapy (if there
was no such indication) in TAVI patients, but found no differences
in major bleeding.

The present study has several limitations. First, it has the
inherent limitations of the studies included and the combination of
findings from comparative observational cohort studies and ad hoc
studies from RCTs, entailing a potential source of bias.

Second, sample sizes varied widely among the studies. The
study by Tanawuttiwat et al.'” had by far the largest sample size
among the included studies, accounting for up to 70% of patients
included in our meta-analysis. Furthermore, since that study had a
retrospective cohort design, it may have introduced a potential
source of bias.

Third, follow-up times were in general short, being less than
18 months in most studies and longer than 24 months in only
4,6:1013.16 of which only 1 was an RCT.®

Fourth, individual risks for each type of bioprosthetic valve
were not studied and they were instead included in a single group.
The proportion of different types of bioprosthetic valves assessed
in each study varied and some included only TAVI
patients.!"'2141517 In our meta-analysis, only 18% of patients
approximately underwent surgical aortic valve replacement and/
or surgical mitral valve replacement, with TAVI patients repre-
senting the majority. Outcomes in surgical aortic valve replace-
ment and/or surgical mitral valve replacement patients seem to
favor of DOAC therapy vs VKAs in terms of efficacy and safety,
whereas the results in TAVI patients seem to be more heteroge-
neous, particularly for major bleeding. Furthermore, antiplatelet
regimens also differed and may have contributed to greater
differences in bleeding events.

This variability reflects the lack of an optimal standard
treatment for all the bioprosthetic valves, as is evident from
current clinical practice guidelines.>* Further studies are needed to
provide solid evidence on the optimal anticoagulant therapy for
each type of bioprosthetic valve according to its location (aortic or
mitral) and type of approach (surgical or percutaneous).

Fifth, the 4 currently marketed DOACs were included in our
meta-analysis, but their safety and efficacy were not evaluated
separately. Their use varied between studies, most of which did not
clearly define DOAC treatment initiation following bioprosthetic

All- cause mortality

Direct oral
anticoagulants Study TE seTE Hazard Ratio HR  95%Cl Weight
Guimaraes, 2020°  —0.43 0.3143 e 065 [0.35-1.20] 1.3%
Guimaraes, 2019°  0.02 0.5579 : 1.02 [0.34-3.04]  0.4%
o cn e g e Van Mieghem, 2021° 0.5 0.1495 - 0.86 [0.64-1.15] 5.6%
Atrial fibrillation Kawashima, 20207  —0.63 0.3021 — 0.53 [0.29-0.96]  1.4%
and Jochheim, 2019"  0.31 0.2112 — 1.36 [0.90-2.06] 2.8%
. < Meta-analysis Tanawuttiwat, 2022 —0.08 0.0415 0.92 [0.85-1.00] 72.3%
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Significant relative risk reduction of all-cause mortality in patients with
AF and bioprosthetic valves treated with DOACs

Figure 7. Central illustration. A meta-analysis of 4 randomized clinical trials and 8 observational studies comparing DOACs vs vitamin K antagonists (VKAs) for
patients with atrial fibrillation (AF) and bioprosthetic valves showing lower all-cause mortality with DOACs compared with vitamin K antagonists. DOACs, direct

oral anticoagulants.
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valve implantation. Therefore, the findings of our study cannot be
extrapolated to the different DOACs individually.

Finally, except for the RIVER trial, there are no data on relevant
events during the first 3 months following valve replacement.
Therefore, our study cannot not provide new information on the
safety and efficacy of DOACs during that time period.

CONCLUSIONS

This meta-analysis combines the results of 30 283 patients with
bioprosthetic valves and AF and is therefore one of the meta-
analyses with the largest patient population to date, combining
findings from RCTs and from comparative cohorts providing real-
world data.

Our study found that DOAC therapy is associated with a
significant reduction of all-cause mortality with no significant
increase in the risk of systemic embolism or stroke. Our results
therefore suggest that DOACs could be safer than VKAs in this
group of patients (figure 7). Although our findings do not point to
significant differences in bleeding risk between the 2 groups, they
should be considered with caution. Studies based primarily on
TAVI patient cohorts may not provide evidence of improved safety
or reduced major bleeding with DOAC therapy because of these
patients’ higher bleeding risk profile or the concomitant use of
antiplatelet drugs; in addition, the benefits may differ between
different types of DOACs and bioprosthetic valves. There is a need
for future RCTs to compare the different DOACs currently available
on the market with VKAs in patients with bioprosthetic valves and
AF, and to assess the different types of DOACs and bioprostheses
separately.

WHAT IS KNOWN ABOUT THE TOPIC?

e The benefit of DOACs in patients with AF and
bioprosthetic valves is not established given that this
population is underrepresented in the literature.

WHAT DOES THIS STUDY ADD?

e Our meta-analysis, combining the results of a large
number of patients from RCTs and the most recent
population-based registries, reveals a significant rela-
tive risk reduction in all-cause mortality in patients with
AF and bioprosthetic valves treated with DOACs
compared with those treated with VKAs, with no
significant increase in major bleeding or in the risk of
systemic embolism or stroke.

Further research is needed to evaluate the long-term
safety and efficacy of different DOACs and types of
bioprosthetic valves, including in the first 3 months after
the intervention.

FUNDING

None.

AUTHORS’ CONTRIBUTIONS

P. Guardia Martinez: study design, data acquisition, systematic
search and study selection, reviewing, editing. A. Luis Avilés

Toscano: data acquisition, systematic search and study selection,
reviewing, editing. M.A. Martinez Mayoral: study design, method-
ology, statistical analysis, and reviewing. ]. Molt6 Miralles: study
design, methodology, statistical analysis and reviewing. All
authors are responsible for reviewing the manuscript and
approving the final version.

CONFLICTS OF INTEREST

None declared.

ACKNOWLEDGEMENTS

We appreciate the support of the Research Unit of the Agencia
Sanitaria Costa del Sol in the translation of the manuscript.

APPENDIX. SUPPLEMENTARY DATA

Supplementary data associated with this article can be found in
the online version, at https://doi.org/10.1016/j.rec.2023.02.002

REFERENCES

1. Olesen JB, Lip GYH, Hansen ML, et al. Validation of risk stratification schemes for
predicting stroke and thromboembolism in patients with atrial fibrillation: na-
tionwide cohort study. BMJ. 2011;342:d124.

2. Vahanian A, Beyersdorf F, Praz F. et al., 2021 ESC/EACTS Guidelines for the
management of valvular heart disease. Eurolntervention. 2022;17:e1126-e1196.

3. Guimarades HP, de Barros E, Silva PGM, Liporace IL, et al. A randomized clinical trial
to evaluate the efficacy and safety of rivaroxaban in patients with bioprosthetic
mitral valve and atrial fibrillation or flutter: Rationale and design of the RIVER trial.
Am Heart J. 2021;231:128-136.

4. January CT, Samuel Wann L, Calkins H, et al.2019 AHA/ACC/HRS Focused Update of
the 2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial
Fibrillation: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines and the Heart Rhythm
Society in Collaboration With the Society of Thoracic Surgeons. Circulation.
2019;140.

5. Guimardes PO, Pokorney SD, Lopes RD, et al. Efficacy and safety of apixaban vs
warfarin in patients with atrial fibrillation and prior bioprosthetic valve replace-
ment or valve repair: Insights from the ARISTOTLE trial. Clin Cardiol. 2019;42:568-
571.

6. Carnicelli AP, De Caterina R, Halperin ]JL, et al. Edoxaban for the Prevention of
Thromboembolism in Patients With Atrial Fibrillation and Bioprosthetic Valves.
Circulation. 2017;135:1273-1275.

7. Durdes AR, de Souza Roriz P, de Almeida Nunes B, et al. Dabigatran Versus Warfarin
After Bioprosthesis Valve Replacement for the Management of Atrial Fibrillation
Postoperatively: DAWA Pilot Study. Drugs R D. 2016;16:149-154.

8. Beller JP, Krebs ED, Hawkins RB, et al. Non-vitamin K oral anticoagulant use after
cardiac surgery is rapidly increasing. J Thorac Cardiovasc Surg. 2020;160:1222-
1231.

9. Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care inter-
ventions: explanation and elaboration. J Clin Epidemiol. 2009;62:e1-e34.

10. Russo V, Carbone A, Attena E, et al. Clinical Benefit of Direct Oral Anticoagulants
Versus Vitamin K Antagonists in Patients with Atrial Fibrillation and Bioprosthetic
Heart Valves. Clin Ther. 2019;41:2549-2557.

11. Jochheim D, Barbanti M, Capretti G, et al. Oral Anticoagulant Type and Outcomes
After Transcatheter Aortic Valve Replacement. JACC Cardiovasc Interv.
2019;12:1566-1576.

12. Kawashima H, Watanabe Y, Hioki H, et al. Direct Oral Anticoagulants Versus
Vitamin K Antagonists in Patients With Atrial Fibrillation After TAVR. JACC Car-
diovasc Interv. 2020;13:2587-2597.

13. DuanL, Doctor N, Adams JL, et al. Comparison of Direct Oral Anticoagulants Versus
Warfarin in Patients With Atrial Fibrillation and Bioprosthetic Heart Valves. Am |
Cardiol. 2021;146:22-28.

14. Butt JH, De Backer O, Olesen ]B, et al. Vitamin K. antagonists vs. direct oral
anticoagulants after transcatheter aortic valve implantation in atrial fibrillation.
Eur Heart ] Cardiovasc Pharmacother. 2021;7:11-19.

15. Van Mieghem NM, Unverdorben M, Hengstenberg C, et al. Edoxaban versus
Vitamin K Antagonist for Atrial Fibrillation after TAVR. N Engl | Med.
2021;385:2150-2160.

16. Mannacio VA, Mannacio L, Antignano A, et al. New Oral Anticoagulants Versus
Warfarin in Atrial Fibrillation After Early Postoperative Period in Patients With
Bioprosthetic Aortic Valve. Ann Thorac Surg. 2022;113:75-82.


http://dx.doi.org/10.1016/j.rec.2023.02.002
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0160
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0160
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0160
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0165
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0165
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0170
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0170
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0170
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0170
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0175
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0180
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0180
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0180
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0180
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0185
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0185
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0185
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0190
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0190
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0190
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0195
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0195
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0195
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0200
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0200
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0200
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0205
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0205
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0205
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0210
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0210
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0210
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0215
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0215
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0215
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0220
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0220
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0220
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0225
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0225
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0225
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0230
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0230
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0230
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0235
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0235
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0235

17.

20.

21.

22.

23.

24,

25.

P. Guardia Martinez et al./Rev Esp Cardiol. 2023;76(9):690-699

Tanawuttiwat T, Stebbins A, Marquis-Gravel G, Vemulapalli S, Kosinski AS, Cheng
A. Use of Direct Oral Anticoagulant and Outcomes in Patients With Atrial Fibrilla-
tion after Transcatheter Aortic Valve Replacement: Insights From the STS/ACC TVT
Registry. ] Am Heart Associ. 2022;11:e023561.

. Izumi C, Miyake M, Fujita T, et al. Antithrombotic Therapy for Patients With Atrial

Fibrillation and Bioprosthetic Valves - Real-World Data From the Multicenter,
Prospective. Observational BPV-AF Registry Circ J. 2022;86:440-448.

. Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a

practical tutorial. Evid Based Ment Health. 2019;22:153-160.

Borenstein M, Higgins JPT. Meta-Analysis and Subgroups. Prevention Science.
2013;14:134-143.

Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis. Biometrics. 2000;56:455-463.
Sterne JAC, Savovic ], Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in
randomised trials. BMJ. 2019;366:14898.

Luchini C, Stubbs B, Solmi M, Veronese N. Assessing the quality of studies in meta-
analyses: Advantages and limitations of the Newcastle Ottawa Scale. World |
Metaanal. 2017;5:80.

Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients
with atrial fibrillation. N Engl | Med. 2013;369:2093-2104.

Didier R, Lhermusier T, Auffret V, et al. TAVR Patients Requiring Anticoagulation:
Direct Oral Anticoagulant or Vitamin K Antagonist? JACC Cardiovasc Interv.
2021;14:1704-1713.

26.

27.

28.

29.

30.

31.

699

Malik AH, Yandrapalli S, Aronow WS, Panza JA, Cooper HA. Oral anticoagulants in
atrial fibrillation with valvular heart disease and bioprosthetic heart valves. Heart.
2019;105:1432-1436.

Shaikh S, Mohamed MMG, Osman M, Kheiri B. Meta-Analysis Comparing Direct
Oral Anticoagulants Versus Vitamin K Antagonists in Patients With Atrial Fibrilla-
tion Who Underwent Bioprosthetic Valve Replacement. Am ] Cardiol.
2022;169:148-149.

Lacy SC, Saint Croix GR, Porter K, Latib A, Beohar N. Direct oral anticoagulants in
patients with atrial fibrillation and bioprosthetic valve replacement: A meta-
analysis. Catheter Cardiovasc Interv. 2021;98:E1007-E1016.

Cardoso R, Ternes CMP, Justino GB, et al. Non-Vitamin K. Antagonists Versus
Warfarin in Patients with Atrial Fibrillation and Bioprosthetic Valves: A Systematic
Review and Meta-Analysis. Am J Medicine. 2022;135:228-234e1.

Yokoyama Y, Briasoulis A, Ueyama H, et al. Direct oral anticoagulants versus
vitamin K antagonists in patients with atrial fibrillation and bioprosthetic valves:
A meta-analysis. J Thoracic Cardiovasc Surg. 2021. http://dx.doi.org/10.1016/
jjtcvs.2021.07.034.

Collet JP, Berti S, Cequier A, et al. Oral anti-Xa anticoagulation after trans-aortic
valve implantation for aortic stenosis: The randomized ATLANTIS trial. Am Heart J.
2018;200:44-50.


http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0240
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0240
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0240
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0240
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0245
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0245
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0245
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0250
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0250
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0255
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0255
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0260
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0260
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0265
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0265
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0270
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0270
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0270
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0275
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0275
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0280
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0280
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0280
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0285
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0285
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0285
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0290
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0290
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0290
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0290
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0295
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0295
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0295
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0300
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0300
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0300
http://dx.doi.org/10.1016/j.jtcvs.2021.07.034
http://dx.doi.org/10.1016/j.jtcvs.2021.07.034
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0310
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0310
http://refhub.elsevier.com/S1885-5857(23)00058-0/sbref0310

	DOAC versus VKA in patients with atrial fibrillation and bioprosthetic valves: a systematic review and meta-analysis
	INTRODUCTION
	METHODS
	Systematic search
	Outcomes of interest
	Statistical analysis
	Measure of interest and software
	Moderator of subgroup analysis
	Meta-analysis and heterogeneity
	Influence analysis
	Publication bias
	Risk of bias in individual studies


	RESULTS
	All-cause mortality and cardiovascular mortality
	Stroke and systemic embolism
	Major bleeding

	DISCUSSION
	CONCLUSIONS
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?

	FUNDING
	AUTHORS’ CONTRIBUTIONS
	CONFLICTS OF INTEREST
	Acknowledgements
	Appendix A APPENDIX. SUPPLEMENTARY DATA
	References


