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ADULT: ARRHYTHMIAS: EXPERT REVIEW
Direct oral anticoagulants versus vitamin K antagonists in
patients with atrial fibrillation and bioprosthetic valves: A
meta-analysis
Yujiro Yokoyama, MD,a Alexandros Briasoulis, MD, PhD,b Hiroki Ueyama, MD,c Makoto Mori, MD,d

Masao Iwagami, MD, MPH, PhD,e Naoki Misumida, MD,f Hisato Takagi, MD, PhD,g and
Toshiki Kuno, MD, PhDh
ABSTRACT

Background: The optimal anticoagulation strategy for patients with bioprosthetic
valves and atrial fibrillation remains uncertain. We conducted a meta-analysis using
updated evidence comparing direct anticoagulants (DOACs) and vitamin K antag-
onists (VKAs) in patients with bioprosthetic valves and atrial fibrillation.

Methods: Medline and Embase were searched through March 2021 to identify ran-
domized controlled trials (RCTs) and observational studies investigating the out-
comes of DOAC therapy and VKA therapy in patients with bioprosthetic valves
and atrial fibrillation. The outcomes of interest were all-cause death, major bleeding,
and stroke or systemic embolism.

Results: Our analysis included 4 RCTs and 6 observational studies enrolling a total
of 6405 patients with bioprosthetic valves and atrial fibrillation assigned to a DOAC
group (n ¼ 2142) or a VKA group (n ¼ 4263). Pooled analysis demonstrated the
similar rates of all-cause death (hazard ratio [HR], 0.90; 95% confidence interval
[CI], 0.77-1.05; P ¼ .18; I2 ¼ 0%) in the DOAC and VKA groups. However, the
rate of major bleeding was significantly lower in the DOAC group (HR, 0.66; 95%
CI, 0.48-0.89; P¼ .006; I2¼ 0%), whereas the rate of stroke or systemic embolism
was similar in the 2 groups (HR, 0.72; 95% CI, 0.44-1.17; P ¼ .18; I2 ¼ 39%).

Conclusions: DOAC might decrease the risk of major bleeding without increasing
the risk of stroke or systemic embolism or all-cause death compared with VKA in
patients with bioprosthetic valves and atrial fibrillation. (J Thorac Cardiovasc
Surg 2023;165:2052-9)
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DOAC was associated with lower risk of bleeding
compared with VKA in patients with bioprosthetic
valves and atrial fibrillation.
CENTRAL MESSAGE

Direct oral anticoagulant therapy
was associated with lower risk of
bleeding without increasing the
risk of ischemic events
compared with vitamin K antag-
onists in patients with bio-
prosthetic valves and atrial
fibrillation.
PERSPECTIVE
Our analysis of 4 randomized controlled trials and
5 observational studies showed an association be-
tween direct oral anticoagulant therapy and
lower rates of major bleeding without increasing
the risk of stroke or systemic embolism or all-
cause death compared to vitamin K antagonists
in patients with bioprosthetic valves and atrial
fibrillation.

See Commentaries on pages 2060 and 2061.
April 12, 2021; revisions received July 15, 2021; accepted

, 2021; available ahead of print July 29, 2021.

hiki Kuno, MD, PhD, Department of Cardiology, Monte-

lbert Einstein Medical College, 111 East 210th St, Bronx,

ail: tkuno@montefiore.org).

e American Association for Thoracic Surgery

jtcvs.2021.07.034

mailto:tkuno@montefiore.org
https://doi.org/10.1016/j.jtcvs.2021.07.034
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtcvs.2021.07.034&domain=pdf


Scanning this QR codewill take
you to the table of contents to
access supplementary informa-
tion.

Abbreviations and Acronyms
CI ¼ confidence interval
DOAC ¼ direct anticoagulant
HR ¼ hazard ratio
INR ¼ international normalized ratio
RCT ¼ randomized controlled trial
VKA ¼ vitamin K antagonist
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Patients with bioprosthetic valve and atrial fibrillation require
anticoagulation to prevent thromboembolic events, although
the most effective therapeutic strategy is still uncertain.
Direct oral anticoagulants (DOACs) are safe and efficacious
alternatives to vitamin K antagonists (VKAs) for anticoagu-
lation in patients with atrial fibrillation.1 However, the guide-
lines recommend against using DOACs in patients with
bioprosthetic valves, although supporting evidence is lack-
ing.2 A recent randomized controlled trial (RCT) showed
noninferiority of rivaroxaban compared with VKAs at
12 months in patients with bioprosthetic mitral valves and
atrial fibrillation.3 Similarly, a recent meta-analysis of 4
RCTs showed similar rates of ischemic events, bleeding,
and all-cause deaths with DOAC therapy and VKA therapy
in patients with bioprosthetic valve and atrial fibrillation4;
however, among the 4 RCTs, 2 trials were post hoc studies,
and 1 trial was terminated prematurely because of low enroll-
ment, and thus the update study is still warranted. We con-
ducted a meta-analysis using updated evidence comparing
DOAC therapy and VKA therapy in patients with bio-
prosthetic valves and atrial fibrillation.

METHODS
This review was conducted according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) statement stan-

dards (Online Data Supplement).5 Given the nature of our study, Institu-

tional Review Board approval and informed written consent for

publication were not required. A review protocol does not exist for this

analysis.

Eligibility Criteria
Included studies met the following criteria: the study design was an

RCT or an observational study, the study population comprised patients

with atrial fibrillation and bioprosthetic valves, enrolled patients were as-

signed to a DOAC group and a VKA group, and outcomes included either

all-cause mortality, major bleeding, or systemic embolism or stroke.

Information Sources and Search
All RCTs and observational studies that investigated the outcomes of

DOAC therapy and VKA therapy in patients with bioprosthetic valves
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and atrial fibrillationwere identified using a 2-level strategy. First, theMed-

line and Embase databases were searched through March 31, 2021, using

Web-based search engines (PubMed and OVID). Search terms included

“bioprosthesis or bioprosthetic or transcatheter aortic valve,” “DOAC or

NOAC or oral anticoagulants or edoxaban or apixaban or rivaroxaban or

dabigatran,” and “atrial fibrillation.” We did not apply any language

limitations.

Study Selection and Data Collection Process
Relevant studies were identified through a manual search of secondary

sources, including references of initially identified articles, reviews, and

commentaries. All references were downloaded for consolidation, elimina-

tion of duplicates, and further analyses. Two independent and blinded au-

thors (Y.Y. and T.K.) conducted a literature search and reviewed the search

results separately to select the studies based on our inclusion and exclusion

criteria. Disagreements were resolved by consensus.

Data Items
We sought data according to the PICOS framework as follows: P (pop-

ulation), patients with atrial fibrillation and biprosthesis; I (intervention),

DOAC; C (comparison), VKA; O (outcome), all-cause mortality, major

bleeding, and systemic embolism or stroke; and S (study type), RCTs

and observational studies.

Risk of Bias in Individual Studies
Study quality was assessed independently by 2 blinded authors (Y.Y.

and T.K.) using the Cochrane Collaboration risk of bias 2.0 tool for

RCTs6 and the Newcastle–Ottawa Scale for observational studies.7 Dis-

agreements were resolved by consensus.

Summary Measures
The primary outcome of interest was all-cause mortality, and the

secondary efficacy outcome was systemic embolism or stroke. The pri-

mary 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. Hazard ratios (HRs) of each outcome were extracted

from each trial.

Synthesis of Results
RevMan version 5.3 (Nordic Cochrane Centre, The Cochrane Collabo-

ration, Copenhagen, Denmark) was used to combine HRs in a random-

effects model. A P value of<.05 was considered statistically significant.

Risk of Bias Across Studies and Additional Analyses
ProMeta 3 (https://idostatistics.com/prometa3/) was used to perform

sensitivity analyses and examine funnel plot asymmetry. Funnel plot asym-

metry suggesting publication bias was assessed mathematically using Eg-

ger’s linear regression test.8 Significant heterogeneity was considered to be

present when the I2 index was>50% or P for heterogeneity was<.05.

Sensitivity analyses were performed by limiting patients with surgical

bioprostheses.
RESULTS
Study Selection
Our analysis included 4 RCTs3,9-11 and 6 observational

studies12-17 that enrolled a total of 6405 patients with
bioprosthetic valves and atrial fibrillation assigned to the
DOAC group (n ¼ 2142) or the VKA group (n ¼ 4263)
(Figure 1).
diovascular Surgery c Volume 165, Number 6 2053
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Records screened
(n = 376)

Records excluded
(n = 355)

Full-text articles assessed
for eligibility

(n = 21)

Studies included in
qualitative synthesis

(n = 9)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 9)

Full-text articles excluded, with reasons (n = 12)
- Review (n = 4)
- No comparison (n = 3)
- Did not report outcomes of interest (n = 2)
- Commentary (n = 2)
- Trial protocol (n = 1)

FIGURE 1. Workflow for selecting eligible articles according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)

criteria in search of original studies for this meta-analysis.

Adult: Arrhythmias: Expert Review Yokoyama et al

A
D
U
L
T

Study Characteristics
Among the observational studies, propensity-score

matching was used in 2,14,17 inverse probability of treat-
ment weighting was used in 2,15,16 Cox regression model
was used in 1,13 and the 1 was a prospective study without
adjustment.12 Study profiles and patient characteristics are
summarized in Tables 1 and 2. In all the RCTs, the VKA
dose was adjusted to maintain a target international normal-
ized ratio (INR) of 2.0 to 3.0. In the RCTs, the DOAC reg-
imens included 110 mg of dabigatran twice daily,9 60 mg of
edoxaban daily,10 5 mg of apixaban twice daily,11 or 20 mg
of rivaroxaban daily.3 Among the observational studies,
apixaban was used in 1 study12; dabigatran, rivaroxaban,
apixaban, and edoxaban were used in 2 studies13,17; and da-
bigatran, rivaroxaban, and apixaban were used in 2
studies.14,16 The DOAC regimen was not described in 1
observational study.15 The approaches to bioprosthesis im-
plantation included 1 surgical aortic valve replacement,16 1
surgical mitral valve replacement,3 5 surgical aortic and/or
mitral valve replacements,6-8,11 3 transcatheter aortic valve
2054 The Journal of Thoracic and Cardiovascular Sur
replacements,12,13,15 and 1 surgical or transcatheter aortic
and/or mitral valve replacement.10

Risk of Bias Within Studies
The quality of RCTs and observational trials is summa-

rized in Figure E1 and Table E1. The definitions of major
bleeding and systemic embolism or stroke in the various
studies are shown in Table E2.

Results of Individual Studies and Synthesis of Results
Pooled analysis demonstrated the similar rates of all-

cause death (HR, 0.90; 95% CI, 0.77-1.05; P ¼ .18;
I2 ¼ 0%) between the DOAC and VKA groups
(Figure 2). However, the rates of major bleeding were
significantly lower in the DOAC group (HR, 0.66; 95%
CI, 0.48-0.89; P ¼ .006; I2 ¼ 0%) (Figure 3), whereas
the rates of stroke or systemic embolism were similar in
the 2 groups (HR, 0.72; 95% CI, 0.44-1.17; P ¼ .18;
I2 ¼ 39%) (Figure 4). All the outcomes were consistent be-
tween the RCTs and the observational studies (P for
gery c June 2023



TABLE 1. Study profiles

Study Year Period Follow-up Design Adjustment Approach DOAC regimen

Dur~aes et al9;

DAWA

2016 2013-2014 90 d RCT N/A TAVR/SMVR Dabigatran 110 mg twice daily

Carnicelli et al10;

ENGAGE

AF-TIMI 48

2017 2008-2010 2.8 y RCT N/A SAVR (n ¼ 60),

SMVR (n ¼ 131)

Edoxaban 60 mg daily

Seeger et al12 2017 2013-2014 1 y Cohort N/A TAVR Epixaban

Guimar~aes et al11;

ARISTOTLE

2019 2006-2010 1.6 y RCT N/A SAVR (n ¼ 73), SMVR

(n ¼ 26), DVR (n ¼ 5)

Apixaban 5 mg twice daily

Butt et al13 2021 2012-2017 1.9 y Cohort Cox TAVR Dabigatran, rivaroxaban, or

apixaban

Russo et al14 2019 2013-2018 2.2 y Cohort PSM AVR (n ¼ 128), MVR

(n ¼ 132)

Dabigatran, rivaroxaban,

apixaban, or edoxaban

Kawashima et al15 2020 2013-2017 N/A Cohort IPTW TAVR N/A

Guimar~aes et al3;

RIVER

2020 2016-2019 1 y RCT N/A SMVR Rivaroxaban 20 mg daily

Duan et al16 2021 2011-2020 2.9 y Cohort IPTW SAVR (n ¼ 1724),

SMVR (n ¼ 943)

Dabigatran, apixaban, or

rivaroxaban

Mannacio et al17 2021 2013-2019 3.2 y Cohort PSM SAVR Dabigatran, rivaroxaban,

apixaban, or edoxaban

DOAC, Direct oral anticoagulant; RCT, randomized controlled trial; N/A, not available; TAVR, transcatheter aortic valve replacement; SMVR, surgical mitral valve replacement;

SAVR, surgical aortic valve replacement; DVR, dual valve replacement; PSM, propensity score matched; AVR, aortic valve replacement; MVR, mitral valve replacement; IPTW,

Inverse probability of treatment weighting.

Yokoyama et al Adult: Arrhythmias: Expert Review

A
D
U
L
T

interaction ¼ .77, I2 ¼ 0 for all-cause deaths; P for
interaction ¼ .78, I2 ¼ 0 for major bleeding; and P for
interaction ¼ .36, I2 ¼ 0 for stroke).
Additional Analysis
The sensitivity analysis after limiting patients with surgi-

cal bioprosthesis showed the similar rates of all-cause death
(HR, 0.87; 95%CI, 0.74-1.05;P¼ .15; I2¼ 0%) and stroke
or systemic embolism (HR, 0.63; 95% CI, 0.36-1.12;
P ¼ .12; I2 ¼ 39%) between the DOAC and VKA groups
(Figures E2 and E3), whereas the rates of major bleeding
TABLE 2. Patient characteristics

Patient DOAC VKA

Age,

y

Female

sex, % DM, % HTN, % MI, %

27 15 12 47 63 4 48 N/A

133 63 70 75 37 N/A N/A N/A

156 87 69 73 39 23 85 16

735 219 516 82 46 21 88 N/A

260 130 130 66 44 21 33 7

503 227 276 84 67 24 76 6

1005 500 505 59 60 14 61 5

2672 439 2233 N/A N/A N/A 53 21

642 321 321 N/A N/A N/A N/A N/A

DOAC, Direct oral anticoagulant; VKA, vitamin K antagonist;DM, diabetes mellitus;HTN,

kidney disease; N/A, not available.

The Journal of Thoracic and Car
were significantly lower in the DOAC group (HR, 0.53;
95% CI, 0.35-0.79; P ¼ .002; I2 ¼ 0%) (Figure E4).
Risk of Bias Across Studies
Publication bias was assessed using funnel plots

(Figure E5), which showed no evidence of publication bias.
DISCUSSION
Our analysis demonstrates the lower rates of major

bleeding in the DOAC group compared with the VKA group
in patients with bioprosthetic valves and atrial fibrillation
Stroke,

%

CHF,

%

CKD,

%

CHA2DS2-

VASc score

HAS-BLED

score

Antiplatelet,

%

30 N/A N/A N/A 0 N/A

76 N/A N/A 3 2.7 34

22 35 5 N/A N/A 32

20 47 10 5 3.3 82

24 16 N/A 3.1 1.2 7

14 N/A 76 5.1 2.7 69

13 39 2 2.6 1.6 9

13 75 78 N/A N/A 32

N/A N/A N/A N/A N/A 0

hypertension;MI, myocardial infarction;CHF, congestive heart failure; CKD, chronic

diovascular Surgery c Volume 165, Number 6 2055



Study or Subgroup

2.1.1 Randomized control trials

Weight
Hazard Ratio

IV, Random, 95% CI

All-cause mortality

2016 DAWA 0.3% 0.29 [0.01, 6.65]

2.1.2 Observational studies
2017 Seeger 2.5% 2.27 [0.83, 6.20]

2019 Butt 14.1% 0.93 [0.61, 1.42]

2019 Russo 0.4% 0.50 [0.05, 5.45]

2020 Kawashima 3.0% 0.61 [0.24, 1.52]

2021 Duan 71.0% 0.87 [0.72, 1.05]

2019 ARISTOTLE 2.1% 1.02 [0.34, 3.04]

2020 RIVER 6.6% 1.01 [0.55, 1.87]

Heterogeneity: Tau2 = 0.00; Chi2 = 0.59, df = 2 (P = .74); I2 = 0%
Test for overall effect: Z = 0.09 (P = .93)

Subtotal (95% CI) 9.0% 0.98 [0.58, 1.66]

Heterogeneity: Tau2 = 0.01; Chi2 = 4.30, df = 4 (P = .37); I2 = 7%
Test for overall effect: Z = 1.06 (P = .29)

Subtotal (95% CI) 91.0% 0.90 [0.73, 1.10]

Heterogeneity: Tau2 = 0.00; Chi2 = 5.00, df = 7 (P = .66); I2 = 0%
Test for overall effect: Z = 1.35 (P = .18)
Test for subgroup differences: Chi2 = 0.09, df = 1 (P = .77), I2 = 0%

Total (95% CI) 100.0% 0.90 [0.77, 1.05]

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 1
Favors DOAC Favors VKA

10 100

FIGURE 2. Comparison of all-cause deaths for direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with a bioprosthetic

valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratios (HRs) and 95% confidence inter-

vals (CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95%CI of the underlying effects. The vertical line indicates an

HR of 1. IV, Inverse variance.

Adult: Arrhythmias: Expert Review Yokoyama et al

A
D
U
L
T

(Figure 5). The rates of all-cause death and stroke or sys-
temic embolism were similar in the 2 groups.

Anticoagulation strategies for patients with bioprosthetic
valves and atrial fibrillation are complicated, because bio-
prosthetic valves and atrial fibrillation cause thromboem-
bolic complications via different mechanisms.18

Antithrombic strategies for patients with bioprosthetic
valves have been evolving. Data from the Danish National
Patient Registry show higher rate of stroke, thromboem-
bolic events, and cardiovascular deaths in the early postsur-
gical period after bioprosthetic aortic valve replacement in
patients not treated with VKAs compared with those treated
with VKAs19; however, given the very low risk of thrombo-
embolism in bioprosthetic valve recipients without another
indication for anticoagulation, guidelines recommend
aspirin monotherapy or 3 to 6 months of VKA after bio-
prosthetic valve implantation.2,20 This recommendation ap-
plies to both mitral and aortic valve replacement,2 although
anticoagulation therapy is more frequently used in recipi-
ents of mitral valve replacement compared with recipients
of aortic valve replacement.21 Among patients without a
bioprosthetic valve who have atrial fibrillation, the
ROCKETAF (Rivaroxaban Once Daily Oral Direct Factor
Xa Inhibition Compared with Vitamin K Antagonism for
2056 The Journal of Thoracic and Cardiovascular Sur
Prevention of Stroke and Embolism Trial in Atrial Fibrilla-
tion) trial showed that rivaroxaban was noninferior to VKA
for the prevention of stroke or systemic embolism.1

Among patients with bioprosthetic valves and atrial
fibrillation, the efficacy and safety of DOAC therapy were
assessed in subgroup analyses of large-scale RCTs.10,11

The ARISTOTLE (Apixaban for Reduction in Stroke and
Other Thromboembolic Events in Atrial Fibrillation) trial
showed no significant differences between apixaban and
warfarin for major bleeding or stroke/systemic embolism
for patients with bioprosthetic valves and atrial fibrillation;
however, only 156 of the 18,201 patients had bioprosthetic
valves in the original trial.11 Similarly, the ENGAGE AF-
TIMI 48 (Effective Anticoagulation with Factor Xa Next
Generation in Atrial Fibrillation–Thrombolysis in Myocar-
dial Infarction 48) trial demonstrated that treatment with
low-dose edoxaban had a similar rate of stroke/systemic
embolism but a lower rate of major bleeding compared
with VKA therapy in patients with bioprosthetic valves
and atrial fibrillation, although only 133 of 21,105 patients
had bioprosthetic valves in this trial.10 The recent RIVER
(Rivaroxaban for Valvular Heart Disease and Atrial Fibril-
lation) trial including 1005 patients with bioprosthetic
mitral valves and atrial fibrillation demonstrated the
gery c June 2023



Study or Subgroup

2.2.1 Randomized control trials

Weight
Hazard Ratio

IV, Random, 95% CI

Major-bleeding

2016 DAWA 0.9% 0.29 [0.01, 6.65]

2.2.2 Observational studies
2019 Butt 26.1% 1.14 [0.63, 2.06]

2019 Russo 4.6% 0.59 [0.15, 2.40]

2020 Kawashima 11.0% 0.61 [0.24, 1.52]

2021 Mannacio 31.8% 0.46 [0.27, 0.79]

2017 ENGAGE AF-TIMI 6.3% 0.50 [0.15, 1.67]

2019 ARISTOTLE 8.3% 0.88 [0.31, 2.52]

2020 RIVER 10.9% 0.54 [0.22, 1.35]

Heterogeneity: Tau2 = 0.00; Chi2 = 0.86, df = 3 (P = .84); I2 = 0%
Test for overall effect: Z = 1.67 (P = .09)

Subtotal (95% CI) 26.5% 0.61 [0.34, 1.09]

Heterogeneity: Tau2 = 0.10; Chi2 = 5.02, df = 3 (P = .17); I2 = 40%
Test for overall effect: Z = 1.56 (P = .12)

Subtotal (95% CI) 73.5% 0.68 [0.41, 1.11]

Heterogeneity: Tau2 = 0.00; Chi2 = 5.97, df = 7 (P = .54); I2 = 0%
Test for overall effect: Z = 2.74 (P = .006)
Test for subgroup differences: Chi2 = 0.08, df = 1 (P = .78), I2 = 0%

Total (95% CI) 100.0% 0.66 [0.48, 0.89]

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 1
Favors DOAC Favors VKA

10 100

FIGURE 3. Comparison of major bleeding for direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with a bioprosthetic

valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratio (HRs) and 95% confidence intervals

(CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95%CI of the underlying effects. The vertical line indicates an HR

of 1. IV, Inverse variance.
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noninferiority of rivaroxaban compared with VKA in terms
of death, cardiovascular events, and major bleeding at
12 months.3 Furthermore, it showed a 46% reduction in ma-
jor bleeding (HR, 0.54; 95% CI, 0.21-1.35), although this
did not reach statistical significance.

A recent meta-analysis of 4 RCTs did not show signifi-
cant differences in outcomes between DOAC and VKA4;
however, 2 of the RCTs were post hoc analyses and 1
RCT was terminated prematurely, which might have been
underpowered. In the present meta-analysis, we included
observational studies, and the results showed a significant
decrease in major bleeding with DOAC therapy compared
with VKA therapy without a significant interaction among
the HRs from RCTs and observational studies in the out-
comes of major bleeding (P for interaction ¼ .78; I2 ¼ 0).

The higher bleeding rates with VKA therapy might be
related to the target INR in our analysis (2.0-3.0), given
that a lower INR (2.0-2.5) might be associated with less
bleeding compared with a higher INR (>2.5) in patients
with nonvalvular atrial fibrillation,22 and the same theory
might apply to patients with bioprosthetic valves. Our re-
sults suggest that DOAC has a more favorable safety
outcome compared with VKAwhile maintaining similar ef-
ficacy in preventing valve thrombosis and intracardiac
The Journal of Thoracic and Car
thrombus in the setting of atrial fibrillation. Furthermore,
because DOACs do not require monitoring of INR and are
less influenced by food or concomitant medication than
VKAs, DOAC therapy is an attractive alternative for
many patients with a bioprosthetic valve and atrial fibrilla-
tion, suggesting guideline adjustments.2,20 Further
large-scale RCTs comparing DOAC and VKA therapy are
warranted in those patients, especially with an INR of 2
to 2.5, which could provide a balance between efficacy
and safety.
This study has several limitations. First, we included 4

different regimens in the DOAC group and did not assess
the efficacy and safety of each DOAC regimen. Second,
we included patients with both aortic and mitral bio-
prosthetic valves, including those with transcatheter aortic
valve replacement, although optimal strategies might differ
for these patients. However, the sensitivity analysis limiting
patients with surgical bioprostheses showed similar results.
Third, our analysis included 5 observational studies and 2
trials that were subgroup analyses of RCTs, in which the
compared subgroups were not randomized7,8 and thus is
subject to selection bias and confounders from these study
designs. However, 5 of the 6 observational studies were
determined to have a low risk of bias. Furthermore, patients
diovascular Surgery c Volume 165, Number 6 2057



Direct Oral Anticoagulants Versus Vitamin K Antagonists in Patients with Atrial Fibrillation and Bioprosthetic Valves:
A Meta-Analysis.

CI = confidence interval, DOAC = direct oral anticoagulants, VKA = vitamin K antagonist, IV = inverse variance

Hazard Ratio
IV, Random, 95% CI

Major bleeding

0.01 0.1 1
Favors DOAC Favors VKA

10 100

0.29 [0.01, 6.65]
0.50 [0.15, 1.67]
0.88 [0.31, 2.52]
1.14 [0.63, 2.06]
0.59 [0.15, 2.40]
0.61 [0.24, 1.52]
0.54 [0.22, 1.35]
0.46 [0.27, 0.79]

0.66 [0.48, 0.89]

VS.

Direct oral anticoagulants might be
appropriate for patient with atrial
fibrillation and bioprosthetic valves

Direct Oral
Anticoagulants

N = 1007

Vitamin K
Antagonists

N = 1233

4 Randomized Trial, N = 1.321
6 Observational Studies, N = 5084

Atrial Fibrillation
+

Bioprosthetic valves

Meta-Analysis

DOAC was associated with lower risk of
major bleeding compared with VKA

FIGURE 5. A meta-analysis of 4 randomized control trials and 6 observational studies comparing direct oral anticoagulants (DOACs) versus vitamin K

antagonists (VKAs) for patients with atrial fibrillation and a bioprosthetic valve showing lower major bleeding with DOACs compared to VKAs. IV, Inverse

variance; CI, confidence interval.
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2017 ENGAGE AF-TIMI 2.2% 0.37 [0.01, 9.32]

2019 ARISTOTLE 6.9% 1.71 [0.31, 9.39]

2020 RIVER 10.9% 0.25 [0.07, 0.88]

Heterogeneity: Tau2 = 0.11; Chi2 = 3.30, df = 3 (P = .35); I2 = 9%
Test for overall effect: Z = 1.46 (P = .14)

Subtotal (95% CI) 22.4% 0.47 [0.17, 1.29]
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Hazard Ratio
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FIGURE 4. Comparisons of stroke or systemic embolism for direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with a

bioprosthetic valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratio (HRs) and 95% con-

fidence intervals (CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95%CI of the underlying effects. The vertical line

indicates an HR of 1. IV, Inverse variance.
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with recent (�3 months) valve replacement were excluded
in the 2 RCTs10,11 and 1 observational study.17 Considering
that perioperative thromboembolic risk is time-dependent
after bioprosthetic valve replacement,23 the underlying
thromboembolic risk in these studies might have differed
from that in the other studies. Finally, the follow-up periods
in the included studies were relatively short, and future tri-
als with long-term follow-up are warranted.
A
D
U

CONCLUSIONS
Our findings indicate that DOAC therapy might decrease

the risk of major bleeding without increasing the risk of
stroke or systemic embolism or all-cause death compared
with VKA in patients with bioprosthetic valves and atrial
fibrillation.
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FIGURE E1. Risk of bias summary according to the Cochrane Collaboration Manual. Green indicates unclear risk; blue, low risk.

Study or Subgroup log [Hazard Ratio] SE Weight
Hazard Ratio

IV, Random, 95% CI

2.7.1 Randomized control trials
2016 DAWA
2019 ARISTOTLE
2020 RIVER
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Test for subgroup differences: Chi2 = 0.17, df = 1 (P = .68), I2 = 0%

Total (95% CI)

0.3%
2.6%
8.2%

11.1%

0.5%
88.3%
88.9%

100.0%

0.29 [0.01, 6.65]
1.02 [0.34, 3.04]
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All-cause mortality for surgical bioprosthesis
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FIGURE E2. Comparison of all-cause deaths with direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with a surgical

bioprosthetic valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratios (HRs) and 95% con-

fidence intervals (CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95%CI of the underlying effects. The vertical line

indicates an HR of 1. SE, Standard error; IV, inverse variance.
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FIGUREE3. Comparisons of stroke or systemic embolismwith direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with

a surgical bioprosthetic valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratios (HRs) and

95% confidence intervals (CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95% CI of the underlying effects. The

vertical line indicates an HR of 1. SE, Standard error; IV, inverse variance.
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FIGURE E4. Comparisons of major bleeding with direct oral anticoagulant (DOAC) and vitamin K antagonist (VKA) therapy in patients with a surgical

bioprosthetic valve and atrial fibrillation using a random-effects model. (Left) Studies analyzed with their corresponding hazard ratios (HRs) and 95% con-

fidence intervals (CIs). (Right) Forest plot of the data. The horizontal lines represent the values within the 95%CI of the underlying effects. The vertical line

indicates an HR of 1. SE, Standard error; IV, inverse variance.
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FIGURE E5. Funnel plot for each outcome for all-cause deaths (A), major bleeding (B), and stroke or systemic embolism (C).

2059.e3 The Journal of Thoracic and Cardiovascular Surgery c June 2023

Adult: Arrhythmias: Expert Review Yokoyama et al

A
D
U
L
T



TABLE E1. Quality assessment based on the Newcastle–Ottawa Scale (range, 1-9)

Study

Representativeness

of exposed cohort

Selection of

nonexposed

cohort

Ascertainment

of exposure

Absence of

outcome at

start of study

Comparability

of cohorts

Outcome

assessment

Length of

follow-up

Adequacy

of follow-up

NOS

score

Seeger et al12 1 1 1 1 0 1 1 1 7

Butt et al13 1 1 1 1 2 1 1 1 9

Russo et al14 1 1 1 1 2 1 1 1 9

Kawashima et al15 1 1 1 1 2 1 1 0 8

Duan et al16 1 1 1 1 2 1 1 1 9

Mannacio et al17 1 1 1 1 2 1 1 1 9

An NOS score �8 is considered low risk; 6-7, moderate risk; and �5, high risk. NOS, Newcastle–Ottawa Scale.

TABLE E2. Definitions of major bleeding and systemic thromboembolism or stroke in each study

Study Major bleeding Stroke or systemic embolism

Dur~aes et al9; DAWA N/A Stroke or systemic embolism

Carnicelli et al10; ENGAGE AF-TIMI 48 International Society for Thrombosis and Haemostasis definition Stroke or systemic embolism

Seeger et al12 N/A N/A

Guimar~aes et al11; ARISTOTLE International Society for Thrombosis and Haemostasis definition Stroke or systemic embolism

Butt et al13 Bleeding leading to a hospital admission Stroke, TIA, or systemic embolism

Russo et al14 Fatal bleeding or symptomatic bleeding in a critical area or

organ, or bleeding causing a decrease in hemoglobin level of

2 g/dL or leading to transfusion of�2 units of whole blood or

red blood cells

Stroke, TIA, or systemic embolism

Kawashima et al15 Valve Academic Research Consortium: 2 criteria N/A

Guimar~aes et al3; RIVER Bleeding Academic Research Consortium N/A

Duan et al16 N/A Stroke, TIA, or systemic embolism

Mannacio et al17 Intracranial, major intestinal, or urinary bleeding Stroke, TIA, or systemic embolism

N/A, Not available; TIA, transient ischemic attack.
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