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a b s t r a c t
Vitamin K antagonists are used as a temporary anticoagulation method after bioprosthetic valve replacement or
repair. However, the novel direct oral anticoagulants may be a preferred method of anticoagulation because of
their improved patient compliance. This meta-analysis aimed to evaluate the safety of direct oral anticoagulants
versus vitamin K antagonists after biological valve replacement or repair. A systematic review and meta-analysis
were performed for studies reporting the eϱect of direct oral anticoagulants versus vitamin K antagonists after
biological valve replacement or repair. The inclusion criteria were studies of adults undergoing bioprosthetic
mitral or aortic valve replacement or repair, comparing direct oral anticoagulants versus vitamin K antagonists
in the early postoperative period. The main outcomes were thromboembolic and bleeding events, and short- and
mid-term death rates. Six observational studies and one randomized controlled trial were included, with a total of
2994 direct oral anticoagulant recipients and 16,894 vitamin K antagonist recipients. There were no signiϧcant
diϱerences between the groups in terms of thromboembolic events (odds ratio: 0.82, 95% conϧdence interval:
0.45–1.49; P=0.52) or bleeding events (odds ratio: 0.89, 95% conϧdence interval: 0.70–1.14, P=0.36). Higher
30-day and mid-term death rates were observed in patients receiving direct oral anticoagulants, but this analysis
was reported inconsistently, and was heavily inϩuenced by a single study. In a mixed population of individuals
undergoing bioprosthetic valve replacement or repair, there was no statistically signiϧcant diϱerence between
direct oral anticoagulants and vitamin K antagonists in terms of reducing thromboembolic or bleeding events.
Further studies are needed to establish the optimal anticoagulation regimen in this context.

1. Abbreviations

AF atrial ϧbrillation
CI conϧdence interval
DOAC direct oral anticoagulant
OR odds ratio
PRISMA Preferred Reporting Items for Systematic reviews and Meta-

Analyses
RCT randomized control trial
VKA vitamin K antagonist
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2. Background

Current clinical guidelines endorse anticoagulation for at least
3months after valve replacement with a biological prosthesis [1,2], al­
though recommendations for the use of vitamin K antagonists (VKAs) in
patients with bioprosthetic valves are mostly directed by limited evi­
dence [3]. Similar indications exist even for heart valve repairs [2].
Direct oral anticoagulants (DOACs) are anticoagulation pharmacothe­
rapies that have been progressively implemented for the treatment of
non-valvular atrial ϧbrillation (AF) and the prevention of thrombosis
in several cardiovascular contexts [4], but with a controversial indica­
tion and potentially inappropriate use in patients with artiϧcial heart
valves [5,6]. Despite this, DOACs have several advantages compared
with VKAs, including fewer monitoring requirements and less frequent
follow-up, fewer food interactions and more immediate drug onset and
oϱset eϱects [4]. Therefore, their use after biological valve replacement
or repair would have signiϧcant beneϧcial eϱects on the quality of life of
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Table 1
Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
Design Any clinical or observational study Case reports, review articles, letters, comments,

opinions, patents and preclinical/veterinary
studies

Population Adults aged>18years who were having
bioprosthetic mitral/aortic valve replacement or
surgical mitral/aortic valve repair

Children aged<18years; focus exclusively on
the population with AF, transcatheter
procedures or mechanical valve replacements

Intervention/comparison Any DOAC compared with a VKA No use of DOACs or VKAs
Outcomes Ischaemic stroke, TIA, thromboembolic event,

major or clinically relevant minor bleeding,
death

No reporting on any of the outcomes speciϧed in
the inclusion criteria

Publication Written in English; available in full No English version available; no full text
available

AF: atrial ϧbrillation; DOAC: direct oral anticoagulant; TIA: transient ischaemic attack; VKA: vitamin K antagonist.

patients undergoing these surgeries. However, little is known about the
impact of DOACs on short- and long-term outcomes in such patients af­
ter surgery. With this systematic review and meta-analysis we aimed to
investigate the safety and eϫcacy of DOACs versus VKAs after surgical
repair or biological replacement of heart valves.

3. Methods

The systematic review and meta-analysis were performed according
to the 2020 Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement [7].

3.1. Inclusion/exclusion criteria

We included any clinical or observational (prospective or retrospec­
tive) study conducted on adult patients (aged≥18 years), who were
either receiving a bioprosthetic mitral or aortic valve replacement or
were undergoing a mitral or aortic valve repair, that compared the use
of DOACs and VKAs in the postoperative period. Studies were excluded
if they had an alternative study design or if the pure focus was on trans­
catheter procedures, mechanical prostheses or exclusively patients with
AF. The full inclusion/exclusion criteria are detailed in Table 1.

3.2. Search strategy

A preliminary search was conducted on the PubMed database, using
broad search terms related to the topic of interest, which helped to de­
termine keywords for the search strategy. A thorough search for English
language papers published before 03 June 2023 was conducted using
the online databases PubMed, Scopus and Medline. The speciϧc search
strategy for each database is detailed in Appendix A.

3.3. Data collection strategy

All publications derived from the three databases were exported to
the screening tool Rayyanr [8], and duplicates with>95% similarity
were removed automatically. Manual inspection was used for all other
possible duplicates with<95% similarity. A two-stage process was used
in the manual screening of publications. First, two independent resear­
chers (T. L. and E. P.) screened the titles and abstracts of all publications
to remove unrelated literature, and the remaining publications then had
their full text screened, adhering to the predeϧned inclusion/exclusion
criteria. In the case of disagreement, a consensus was reached through
discussion between the two researchers and a third senior experienced
author (V. D. B.), if required. The included publications, as well as pa­
pers that underwent full-text screening, then had their reference lists
examined for any additional related publications.

3.4. Risk of bias assessment

The assessment of study quality is presented in Appendix B; this was
conducted according to the Cochrane Risk of Bias 2 tool for randomized
control trials (RCTs) [9] and the Newcastle-Ottawa scale for observatio­
nal studies, and was converted into Agency for Healthcare Research and
Quality (AHRQ) standards [10].

3.5. Outcomes

The primary safety outcomes of interest were short-term thromboem­
bolic events (comprising stroke, transient ischaemic attack, systemic
emboli, venous thromboembolism, myocardial infarction and intracar­
diac thrombi within 90 days of the operation) and short-term bleeding
events (deϧned as a composite of major bleeding, clinically relevant
non-major bleeding and reoperation for bleeding at 90 days). The 90-day
period for assessing thromboembolic and bleeding events was selected
based on the recommended duration for anticoagulation in the guide­
lines from the USA and Europe [1,2], as this timeframe represents the
highest risk period for the occurrence of valve thrombosis [11]. The
secondary safety outcomes were all-cause 30-day death rates and mid-
term death rates.

3.6. Statistical analysis

Individual study variables and characteristics are presented as counts
and percentages for categorical values, and as mean± standard devia­
tion or median (interquartile range) for continuous numerical variables.
The estimation of mean± standard deviation from median (interquar­
tile range) was done using the Box-Cox method [12]. Short-term death
rates and thromboembolic and bleeding event rates were analysed using
odds ratio (OR) random eϱects models, using the Mantel-Haenszel
method. The Haldane-Anscombe correction was applied to all cells.
Mid-term survival rate analysis was conducted with estimated treat­
ment eϱect and the relative standard error, which were calculated from
the estimated hazard ratio and the log-rank variance [13], obtained
directly from the Kaplan-Meier curves of the studies (using WebPlot­
Digitizer https://automeris.io/WebPlotDigitizer) or from the reported
hazard ratio, if available. The heterogeneity between studies was esti­
mated using χ2-based Q statistics, and I2 and funnel plots were used
to estimate eϱect estimates for individual studies and potential biases
(Fig. A.1, Fig. A.2, Fig. A.3 and Fig. A.4). Additionally, sensitivity
(leave-one-out) analysis was conducted to check robustness to inϩuen­
tial studies. The alpha error was set at 0.05, and the statistical analysis
was conducted in R, version 4.4.0 (The R Project for Statistical Compu­
ting, Vienna, Austria; https://www/r-project.org/).
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Table 2
Study characteristics.

Study Year Study population Study design Type of DOAC Number of
patients; DOACs
versus warfarin

Mean age (years)a;
DOACs versus
VKAs

AF (%); DOACS
versus VKAs

Beller et al. [16] 2020 BVR or CABG Retrospective Unspeciϧed 1395 vs. 4668 71 (64–77) vs. 71
(64–77)

98.6 vs. 81.9

Noohi et al. [17] 2020 MV repair Mixed (PS
matched)

Rivaroxaban 104 vs. 104 50.3±12.9 vs.
49.6±15.3 14.4 vs. 17.3

Pasciolla et al.
[14]

2020 BVR Retrospective Unspeciϧed 127 vs. 70 71.9±9.19 vs.
74.5±9.39 93.7 vs. 91.4

Stuart et al. [19] 2021 BVR Retrospective Unspeciϧed 54 vs. 23 68±1.4 vs.
65±8.5 35.2 vs. 39.1

Shim et al. [15] 2023 MV repair or BVR RCT Edoxaban 109 vs. 109 67±12.3 vs.
67.7±10 59.6 vs. 61.5

Mazur et al. [18] 2023 MV repair Retrospective Apixaban 127 vs. 499 58 (52–66) vs. 58
(50–66)

32.3 vs. 23.4

Schwann et al.
[20]

2023 MV repair or
mitral
BVR±CABG

Retrospective Unspeciϧed 1078 vs. 11,421 73 (69–77) vs. 73
(69–77)

71.7 vs. 55

AF: atrial ϧbrillation; BVR: bioprosthetic valve replacement; CABG: coronary artery bypass graft; DOAC: direct oral anticoagulant; MV: mitral valve; PS: propensity
score; RCT: randomized clinical trial; VKA: vitamin K antagonist.
a Data are expressed as median (interquartile range) or mean± standard deviation.

4. Results

The initial search strategy retrieved 1404 references, which were re­
duced to 882 after the removal of duplicates. After screening of titles
and abstracts, 43 papers were assessed and six of them [14–19] met the
predetermined inclusion criteria (one RCT [15] and ϧve retrospective
studies). One week after the initial selection, a further large retrospec­
tive study was published [20], which was then included in the ϧnal
selection of seven studies. Fig. A.5 shows the PRISMA ϩowchart of the
selection process. Table 2 describes the characteristics of the studies,
which included a total of 19,888 patients, with 2994 (15.06%) patients
in the DOAC group and the remaining 16,894 (84.94%) patients in the
VKA group. The majority of the patients were male (11,711, 58.88%):
62.53% (95% CI: 60.78–64.24%) of the DOAC group and 58.24%
(95% CI: 57.49–58.98%) of the VKA group (P=0.89). Patients in the
DOAC group were slightly younger (mean age 70.08 years, 95% CI:
69.86–70.31) than those in the VKA group (mean age: 72.45 years, 95%
CI: 72.35–72.56; P=0.94). Among the entire set of studies, 12,776 pa­
tients were in AF (overall prevalence 64.24%, 95% CI: 63.57–64.90%);
notably, patients in the DOAC group were more frequently in AF
(80.33%, 95% CI: 78.86–81.71%) than those in the VKA group (61.39%,
95% CI: 60.65–62.12%; P=0.02).

4.1. Thromboembolic events

Six studies [14–16,18–20] reported thromboembolic outcomes
(Fig. 1A). The deϧnition of thromboembolic outcome diϱered between
the studies: Beller et al. [16] deϧned it as postoperative permanent
stroke and postoperative venous thromboembolism; Pasciolla et al. [14]
deϧned it as venous thromboembolism; Stuart et al. [19] deϧned it
as a combined outcome, including cerebrovascular accident, transient
ischaemic attack, acute coronary syndrome, venous thromboembolism,
valve thrombosis or other vascular occlusion; Mazur et al. [18] deϧned
it as stroke and transient ischaemic attack; Schwann et al. [20] deϧned
it as stroke; and Shim et al. deϧned it as a composite of stroke, myocar­
dial infarction, symptomatic valve thrombosis, systemic embolism, deep
vein thrombosis or pulmonary embolism [15]. There were 87 events in
the DOAC group (3.09%, 95% CI: 2.51–3.80%) and 454 events in the
VKA group (2.86%, 95% CI: 2.62–3.14%). The analysis (Fig. 1A) showed
no signiϧcant diϱerence in terms of thromboembolic events between the
two groups, with an overall OR of 0.82 (95% CI: 0.45–1.49; P=0.52).

Leave-one-out sensitivity analysis showed that the study by Beller et al.
[16] exerted considerable inϩuence, with its exclusion altering the poo­
led eϱect direction without aϱecting the statistical signiϧcance, whereas
the exclusion of the study by Schwann et al. [20], although not inϩuen­
cing the direction, impacted the statistical signiϧcance (Fig A.6).

4.2. Bleeding events

Bleeding events were reported by seven studies [14–20] (Fig. 1B),
and even for this outcome the deϧnition diϱered between studies: Beller
et al. [16] deϧned bleeding as reoperation for bleeding; Noohi et al. deϧ­
ned it as major or clinically relevant non-major bleeding [17]; Pasciolla
et al. [14] deϧned it as bleeding from a critical site that compromised
organ function, a drop in haemoglobin≥2 g/dL, administration of two
or more units of packed red blood cells or haemodynamic instability;
Stuart et al. [19] deϧned it as major bleeding, according to the World
Health Organization bleeding scale score of≥3; Shim et al. [15] based
their deϧnition of major bleeding on the International Society on Throm­
bosis and Haemostasis criteria; Mazur et al. deϧned it as reoperation
for bleeding and bleeding complications after discharge to 30 days; and
Schwann et al. deϧned it as hospital readmission for bleeding (including
haemorrhagic stroke) [20]. Eighty-ϧve bleeding events were recorded in
the DOAC group, with a prevalence of 2.92% (95% CI: 2.36–3.59%), and
498 bleeding events were recorded in the VKA group, with a prevalence
of 3.12% (95% CI: 2.86–3.4%). The overall random eϱect model did not
ϧnd signiϧcant diϱerences between the two groups (OR: 0.89, 95% CI:
0.70–1.14; P=0.36).
Leave-one-out sensitivity analysis showed that exclusion of indivi­

dual studies did not materially change the pooled eϱect size (Fig. A.7).

4.3. Short-term deaths

Four studies [16,18–20] reported on short-term death (Fig. 2A), de­
ϧned as death within 30 days of the surgical procedure in three of the
studies [16,18,20], and within 90 days in one study [19]. There were
a total of 37 events in the DOAC group, with a prevalence of 1.39%
(95% CI: 1.01–1.92%), and 148 events in the VKA group, with a preva­
lence of 0.89% (95% CI: 0.76–1.05%). There was a signiϧcantly higher
death rate in the DOAC group in the pooled analysis, with an OR of 1.74
(95% CI: 1.13–2.68; P=0.01). This analysis was notably inϩuenced by
a single study: the leave-one-out sensitivity analysis indicated that the
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Fig. 1. A–B. Forest plots of short-term primary safety outcomes following administration of direct oral anticoagulants (DOACs) or vitamin K antagonists (VKAs).
A. Short-term thromboembolic events. B. Short-term bleeding events. CI: conϧdence interval; MH: Mantel-Haenszel.

Fig. 2. A–B. Forest plots of short-term primary safety outcomes following administration of direct oral anticoagulants (DOACs) or vitamin K antagonists (VKAs).
A. Short-term deaths. B. Mid-term deaths. CI: conϧdence interval; MH: Mantel-Haenszel.
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study by Schwann et al. [20] exerted a marked impact on the pooled
estimate, as its exclusion changed the overall eϱect from statistically
signiϧcant to non-signiϧcant (Fig. A.8).

4.4. Mid-term deaths

Three studies reportedmid-term death rates [18–20] (Fig. 2B): Stuart
et al. reported this outcome with a follow-up of 180 days, whereas Ma­
zur et al. had a mean follow-up of 3 years and Schwann et al. had a
mean follow-up of 7 years. For this outcome, the overall eϱect was si­
gniϧcantly worse for patients in the DOAC group, with a hazard ratio of
1.31 (95% CI: 1.10–1.57; P<0.01) [20]. The pooled eϱect was notably
inϩuenced by two studies [18,20], whose exclusion shifted the overall
results toward non-signiϧcance (Fig. A.9).

5. Discussion

In recent years, DOACs have been used increasingly as the pri­
mary anticoagulation choice for non-valvular AF, and by 2016,
DOAC prescriptions exceeded warfarin prescriptions for these
patients [21].
Despite this, the indications for DOACs after surgical heart valve

replacement are still debated because of the lack of robust data, and
although there is evidence from RCTs that contraindicates their use af­
ter mechanical valve replacement [22], the evidence for their use after
biological valve replacement or repair is still inconsistent. Considering
that in a recent nationwide analysis conducted in France, 50.1% of pa­
tients admitted with valvular heart disease were still on anticoagulants
1 year after the indexed admission [23], it is particularly important to
understand the best anticoagulation treatment for these patients. The
ϧrst ϧnding of our meta-analysis is that DOACs are non-inferior to
VKAs in terms of short-term thromboembolic events and haemorrha­
gic events. These ϧndings reϩect the result of the only available RCT
– Eϫcacy and Safety of Edoxaban in Patients after Heart Valve Repair
or Bioprosthetic Valve Replacement (ENAVLE) [15] – which randomi­
zed 218 patients (109 to receive VKAs and 109 to receive edoxaban),
and showed no deaths in either group, but most importantly demons­
trated the non-inferiority of edoxaban in terms of safety and eϫcacy in
patients undergoing biological valve replacement or repair [15], with
similar thromboembolic and bleeding events in the ϧrst 90 days after
surgery. In our analysis, we found similar results in terms of throm­
boembolic and bleeding event rates, with a low incidence of embolic
events (3.09% vs. 2.86%) and bleeding events (2.92% vs. 3.12%) in both
the DOAC and VKA groups, supporting the non-inferiority of DOACs af­
ter this type of surgery. This observation has relevant implications for
surgical patients, because of the ease of use of DOACs compared with
VKAs, and therefore the improved compliance of the patients. On the
other hand, our pooled analysis showed higher short-term and mid-
term death rates in the DOAC group. This is an unexpected ϧnding
that is in contrast with other studies conducted in non-valvular AF [24].

Moreover, another previous meta-analysis of RCTs in non-surgical pa­
tients supported the safety and eϫcacy of DOACs, with no excess
bleeding and eϫcacy equal to or greater than conventional therapy
[25]. In our meta-analysis, the higher postoperative death rate is mostly
driven by a large retrospective analysis [20] and therefore is it diϫcult
to generalize, and should be considered with caution, as it is a repre­
sentation of a very asymmetrical study population. However, the study
by Schwann et al. [20] was a large retrospective report from the Society
of Thoracic Surgeons database, which included 26,199 patients under­
going biological mitral valve replacement or repair over a 7-year period,
and showed that DOACs were associated with signiϧcantly increased
risks of death and bleeding, and were not protective against stroke [20].
This study was conducted only on mitral valve surgeries; in our meta-
analysis we compared VKAs and DOACs across all patients undergoing
valve cardiac surgery. However, mitral and aortic valve diseases present
diϱerent pathophysiological proϧles and diϱerent prothrombotic envi­
ronments, with mitral valve surgery being inherently associated with a
higher risk of events, and sometimes catastrophic outcomes [26]. This
diϱerence could have inϩuenced the results, particularly the observed
higher risk of death, despite no signiϧcant diϱerence being observed in
terms of ischaemic events. In contrast, another large retrospective ana­
lysis [16] supported the safety of DOACs in the cardiac surgery setting,
with shorter postoperative hospital stays. Both studies identiϧed a signi­
ϧcant increasing trend in DOAC usage over recent years [16,20], mostly
driven by patients who were already in AF before surgery. It is impor­
tant that these data are considered, and therefore a word of caution is
needed before supporting the use of DOACs after biological or repair
valve surgery, as these patients should not be viewed in the same way
as those with non-valvular AF. Most importantly, our study conϧrms
the lack of consistency of the research in this ϧeld, with most studies
being retrospective, and only one RCT being currently available. Mo­
reover, the studies were considering several diϱerent types of DOACs,
and in some cases these were not speciϧed. Another important limitation
is the extensive variability in populations analysed, follow-up timelines
and deϧnitions of thromboembolic events and major bleeding between
the studies, which inevitably hinders the results of the current meta-
analysis, especially in terms of short- and mid-term death data, which
were mostly inϩuenced by one study [20]. Finally, a limitation to consi­
der is related to the inclusion of mitral and aortic valve surgeries, hence
including the important diϱerences between these two diϱerent diseases
and their surgical treatment.

6. Conclusions

In conclusion, our meta-analysis showed a similar incidence of
thromboembolic and bleeding events in patients receiving DOACs versus
VKAs after biological heart valve replacement or valve repair. Further
randomized controlled trials are required to better deϧne indications
and the safety and eϫcacy of DOACs in patients with biological heart
valve prostheses or repair (Central Illustration).
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Central Illustration. Direct oral anticoagulants (DOACs) versus vitamin K antagonists (VKAs) after heart valve bioprosthetic replacement or repair:
a systematic review and meta-analysis. CI: conϧdence interval; HR: hazard ratio.
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