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ABSTRACT
ISS
BACKGROUND The optimal antithrombotic strategy following transcatheter aortic valve replacement (TAVR) remains

controversial.

OBJECTIVES The authors aimed to determine the safety and efficacy of various antithrombotic regimens in patients

without an indication for anticoagulation following TAVR.

METHODS We conducted a systematic search in PubMed, Embase, Scopus, and ClinicalTrials.gov until August 2024 for

studies investigating antithrombotic regimens after TAVR in patients without an indication for chronic oral anticoagu-

lation. The analysis compared single antiplatelet therapy (SAPT), dual antiplatelet therapy (DAPT), direct oral antico-

agulants, and oral anticoagulant (OAC) plus SAPT. A frequentist network meta-analysis was employed to evaluate the

post-TAVR risk of all-cause mortality, cardiovascular mortality, myocardial infarction, stroke, total bleeding, and life-

threatening or major bleeding.

RESULTS Eleven studies (8 randomized controlled trials and 3 propensity score-matched cohorts) comprising 5,821

patients undergoing TAVR were included. SAPT significantly reduced the risk of life-threatening/major bleeding

compared with DAPT (OR: 0.53; 95% CI: 0.35-0.80), OAC (OR: 0.52; 95% CI: 0.28-0.99), and OAC þ SAPT (OR: 0.32;

95% CI: 0.13-0.76). No significant differences were observed in the risk of cardiovascular mortality, stroke, or myocardial

infarction between antithrombotic regimens. Subgroup analysis indicated an increased risk of mortality with low-dose

rivaroxabanþ3-month SAPT compared with SAPT (OR: 0.56; 95% CI: 0.35-0.89) and DAPT (OR: 0.58; 95% CI:

0.38-0.88). Meta-regression identified chronic obstructive pulmonary disease as the only significant modifier of bleeding

risk following TAVR.

CONCLUSIONS Our findings support current guidelines recommending SAPT as the preferred antithrombotic strategy

post-TAVR in patients without an indication for anticoagulation, demonstrating optimal safety without compromising ef-

ficacy. (JACC Adv. 2025;4:101719) © 2025 The Authors. Published by Elsevier on behalf of the American College of Car-

diology Foundation. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
N 2772-963X https://doi.org/10.1016/j.jacadv.2025.101719
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ABBR EV I A T I ON S

AND ACRONYMS

ACC = American College of

Cardiology

BEV = balloon-expandable

valve

COPD = chronic obstructive

pulmonary disease

DAPT = dual antiplatelet

therapy

DOAC = direct oral

anticoagulant

ESC = European Society of

Cardiology

MACE = major adverse cardiac

events

MI = myocardial infarction

OAC = oral anticoagulant

PSM = propensity

score-matched

RCT = randomized controlled

trial

SAPT = single antiplatelet

therapy

TAVR = transcatheter aortic

valve replacement

VKA = vitamin K antagonis
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T ranscatheter aortic valve replace-
ment (TAVR) has become a mini-
mally invasive and efficient

approach for treating symptomatic patients
with severe aortic stenosis who were consid-
ered high risk for traditional surgery.1,2

However, concerns regarding potential com-
plications persist, ranging from thromboem-
bolic events (eg, valve thrombosis) as well
as bleeding caused by post-TAVR treatment
to risks of mortality and cardiac death.1,3-5

This complexity makes post-TAVR antith-
rombotic therapy uniquely challenging,
mainly as TAVR is currently used for patients
with low surgical risk and those with no clear
indication for anticoagulation.2,6 Recent evi-
dence has shown that single antiplatelet
therapy (SAPT) with aspirin offers more sig-
nificant benefits than dual antiplatelet ther-
apy (DAPT) with aspirin plus clopidogrel by
preventing ischemic complications and
reducing the risk of bleeding in patients
with no prior need for oral anticoagulants
(OACs).7-11 The American College of Cardiol-
ogy (ACC) guidelines recommend lifelong
SAPT, preferably aspirin, as a class 2A strat-
egy for post-TAVR patients without anticoagulation
indications.1,12 The European Society of Cardiology
(ESC) consistently suggests lifelong SAPT with aspirin
or clopidogrel with a Class I recommendation for pa-
tients without a clear OAC indication.1,12 However,
growing concerns about antiplatelet insufficiency in
managing post-TAVR valve thrombosis have shifted
attention to OACs, particularly vitamin K antagonists
(VKA), which have proven more effective than DAPT
in preventing valve thrombosis.1,13-15 Additionally,
several studies have explored the benefits of
direct OACs (DOAC) such as edoxaban, apixaban,
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rivaroxaban, and dual-agent therapy with rivaroxa-
ban plus aspirin following TAVR, especially in
reducing the risk of valve thrombosis.16-20 While
DOACs effectively alleviated the risk of post-TAVR
valve thrombosis, they did not show superiority
over VKAs or antiplatelets in patients without clinical
indications for OAC.1,3,12,16 Given the ongoing debates
in this field, we aimed to utilize a comprehensive
network meta-analysis to determine the safety and
efficacy of different post-TAVR antithrombotic thera-
pies in patients without a clear indication for
anticoagulation.

METHODS

This systematic review and network meta-analysis
adhered to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guide-
lines. The study was also registered in the PROSPERO
(International Prospective Register of Systematic
Reviews) database (CRD42024587981).

SEARCH STRATEGY. We conducted a systematic
literature search to find studies comparing various
antithrombotic regimens in patients undergoing
TAVR without a chronic indication for OAC. We
searched the PubMed, Scopus, Embase, and
ClinicalTrials.gov databases until August 2024.
Following the PICO framework, the search strategy
focused on 3 components: the population (TAVR pa-
tients without an indication for OAC), the interven-
tion (various antithrombotic regimens), and the
outcome (major adverse cardiac events [MACE],
stroke, mortality, bleeding, and vascular complica-
tions). To ensure comprehensive retrieval of relevant
studies, medical subject headings (MeSH) terms and
keywords for population (eg, “TAVR”), interventions
(eg, “SAPT,” “DAPT,” “OAC,” “DOAC,” “VKA”), and
outcomes (eg, “total bleeding,” “life-threatening
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bleeding,” “major bleeding,” “minor bleeding,”
“stroke,” “myocardial infarction,” and “cardiovascu-
lar mortality”), along with their equivalent keywords.
The full search strategy and the queries used for each
database can be found in Supplemental Table 1.
El ig ib i l i ty cr i te r ia . Studies were included if they
matched the following criteria:

� Adult patients who received TAVR without in-
dications for chronic antithrombotic treatment
(eg, atrial fibrillation, prosthetic heart valves, car-
diovascular interventions).

� Studies with any antithrombotic treatment,
including SAPT, DAPT, and OAC consisting of VKA
or DOAC and including at least one of the following
outcomes: MACE, stroke, all-cause mortality, life-
threatening/major bleeding, or vascular complica-
tions were included. We included the most recent
publication with long-term outcomes for studies
with multiple reports. This strategy was selected to
ensure the most recent and thorough data.

� Randomized controlled trials (RCTs) and pro-
pensity score matched (PSM) cohort studies were
considered for inclusion.

Studies including patients already receiving OAC
for baseline atrial fibrillation or other indications and
those comparing different P2Y12 inhibitor regimens in
both case and control arms were excluded. This
exclusion criterion was applied to ensure consistency
and comparability of control interventions across all
included trials. Cohorts without PSM, case reports,
reviews, commentaries, and nonhuman studies were
also excluded.

OUTCOMES. Cardiovascular mortality is defined as
death that results directly from cardiovascular cau-
ses; this includes death due to myocardial infarction
(MI), stroke, heart failure, cardiovascular procedure,
bleeding, and sudden cardiac death. Spontaneous MI
occurs unrelated to the procedure and is diagnosed by
a rise and/or fall of cardiac biomarkers with at least
one value above the 99th percentile upper reference
limit, along with symptoms of ischemia, new
ischemic electrocardiography changes, or evidence of
loss of viable myocardium. A stroke was defined as a
new, persistent neurological deficit with a variable
modified Rankin score that persists for more than
72 hours and causes considerable disability or little to
no disability. A brief episode of neurological impair-
ment caused by ischemia (lack of blood flow) without
acute infarction (tissue death), with symptoms typi-
cally resolving within 24 hours, was also classified as
a stroke. Life-threatening bleeding includes fatal
bleeding, bleeding in a critical area or organ
(eg, intracranial bleeding), bleeding causing hypo-
volemic shock or requiring emergency surgery, or
a significant drop in hemoglobin requiring trans-
fusion of 4 or more units of blood. Major bleeding is
defined as bleeding that results in a hemoglobin loss
of >3 g/dL, necessitates the transfusion of 2 or more
units of blood, or necessitates an extended hospital
stay. Any other bleeding that does not meet the
mentioned criteria for major and life-threatening
bleeding is considered to be minor.21 In this study,
total bleeding is the composite of life-threatening,
disabling, major, and minor bleeding.

DATA EXTRACTION. The initial title and abstract
screening were divided among 3 groups, each with 2
reviewers. The groups cross-validated each other’s
work with the supervision of a senior reviewer to
ensure accuracy and consistency. For the full-text
assessment, 4 independent reviewers retrieved full-
text articles from potentially relevant studies and
assessed their eligibility. During this phase, discrep-
ancies and conflicts were resolved through discussion
and consensus. To ensure accuracy, 2 reviewers
cross-checked each article in the final selection. Four
reviewers extracted data separately using a stan-
dardized data extraction form. The extracted data
comprised study characteristics (author, year, study
design, sample size, and follow-up duration), patient
demographics, details of the antithrombotic regi-
mens, and reported outcomes (MACE, stroke, mor-
tality, bleeding, and vascular complications).
Qual i ty assessment . Two reviewers independently
evaluated the quality of the included studies using
the Cochrane Risk of Bias tool (ROB 2) for RCTs and
the Risk of Bias in Non-randomized Studies tool
(ROBINS-I) for cohorts with PSM. A third reviewer
handled any conflicts during the data extraction or
quality evaluation process.

STATISTICAL ANALYSIS. To analyze binary out-
comes, we calculated ORs to quantify effect sizes,
using random-effect models with the DerSimonian
and Laird methods. Heterogeneity was evaluated
using Higgins and Thompson’s I2 statistic, catego-
rized as follows: I2 <25% indicating low heterogene-
ity, I2 ¼ 25% to 75% indicating moderate
heterogeneity, and I2 >75% indicating high hetero-
geneity. The between-study variance (s2) was also
assessed, using the Sidik-Jonkman estimator for s2.

To compare the effectiveness and safety of 4
antithrombotic treatments—SAPT, DAPT, DOACs, and
OAC (low-dose rivaroxaban or VKA) þ SAPT—we
conducted a frequentist network meta-analysis using
the netmeta package in R. Network consistency was
evaluated through node-splitting analysis, which

https://doi.org/10.1016/j.jacadv.2025.101719
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compares direct and indirect evidence. Visual
network plots were generated to illustrate direct
comparisons between treatments, with line thickness
reflecting the number of contributing studies. In
subgroup analyses, we separately evaluated the effi-
cacy and safety outcomes by pairwise analyses after
dividing the low-dose rivaroxaban þ SAPT group from
the DOAC and VKA þ SAPT groups. Additionally, the
VKA and DOAC groups were analyzed independently.
Sensitivity analyses were conducted to evaluate the
robustness of the results by excluding PSM cohorts
and reassessing the primary outcomes.

In addition to the frequentist network meta-
analysis, we conducted a Bayesian network meta-
analysis to enhance the robustness of our findings
and explore the consistency of results under a
different statistical framework. We conducted a
Bayesian network meta-analysis to compare the
effectiveness and safety of antithrombotic treat-
ments—SAPT, DAPT, DOACs, and OAC þ SAPT—using
the Markov chain Monte Carlo method with 5,000
adaptation iterations followed by 200,000 simulation
iterations, assuming transitivity. We estimated ORs
with 95% credible intervals (CrIs) based on the me-
dians and 2.5th and 97.5th percentiles of the posterior
distributions in a hierarchical Bayesian framework. A
random-effects model was used, incorporating infor-
mative priors for between-study heterogeneity based
on antithrombotic treatments. Convergence was
assessed visually using Gelman–Rubin–Brooks plots
and statistically using the potential scale reduction
factor. Pairwise network comparisons were summa-
rized using forest plots, with SAPT as the reference
group. Node-splitting methods were applied to assess
inconsistency between direct and indirect evidence.

Meta-regression analyses were performed to eval-
uate how baseline characteristics, including age, sex,
and history of conditions including diabetes, hyper-
tension, MI, peripheral artery disease, chronic
obstructive pulmonary disease (COPD), and stroke, the
Society of Thoracic Surgeons score, and baseline left
ventricular ejection fraction, affected the risk of all-
cause mortality and major or life-threatening
bleeding outcomes in SAPT vs DAPT. A mixed-effects
model was used for this analysis, and the findings
were illustrated with bubble plots. To examine po-
tential publication bias, comparison-adjusted funnel
plots were visually inspected for symmetry, and
Egger’s test was applied for statistical confirmation. All
statistical analyses were performed using R software
(version 4.0.2; R Foundation for Statistical Computing)
using the netmeta, meta, metafor, gemtc, rjags, and
ggplot2 packages. A 2-sided P value <0.05 was
considered statistically significant.
RESULTS

We identified 4,884 studies from 3 different data-
bases. After removing duplicates and screening
the remaining 3,122 studies, we included 8
RCTs7,8,10,11,18-20,22 and 3 PSM cohort studies23-25 in
the final analysis, comprising 5,821 participants un-
dergoing TAVR without indication for chronic anti-
coagulation treatment (Central Illustration). Details
about study selection and screening are presented in
Figure 1. Of 5,821 patients, 1,347 (23.2%) were
assigned to the SAPT group, 2,694 (46.3%) to the
DAPT group, 1,143 (19.6%) to the OAC þ SAPT group,
and 637 (10.9%) to the OAC group (Figure 2).

Among the 5,821 participants, the mean age was
80.7 � 6.5 years, 51.7% were female, and the mean
Society of Thoracic Surgeons risk score was 5.5 � 4.8
(Table 1). We observed that 81.3% and 28.5% of par-
ticipants had a history of hypertension and diabetes
mellitus, respectively. Balloon-expandable valves
(BEVs) were the most predominant reported valve
types as they were used in 2,805 (69.9%) patients,
followed by self-expandable valves, which were used
in 1,210 (30.1%) patients. The baseline characteristics
of the participants in each study are reported in
Supplemental Tables 1 and 2.

EFFICACY OUTCOMES. After a mean follow-up
duration of 18.0 � 4.8 months (ranging from 3 to
31 months), we observed the following results for
each treatment comparison across key efficacy out-
comes: The network estimate did not show any sig-
nificant difference in all-cause mortality in SAPT
compared with DAPT. The network estimate did not
indicate any significant difference in the risk of all-
cause mortality but a trend favoring DAPT compared
with OAC (OR: 0.58; 95% CI: 0.30-1.13; P ¼ 0.11). The
network estimate for SAPT vs OAC did not suggest
any significant difference in the risk of all-cause
mortality but a trend favoring SAPT (OR: 0.57;
95% CI: 0.28-1.16; P ¼ 0.12) (Figure 3). SAPT ranked as
the best treatment for preventing all-cause mortality
following TAVR (P score ¼ 0.70) (Table 2). The I2

values in direct estimates were generally low (<25%),
with most direct comparisons showing 0% heteroge-
neity. The DAPT vs OAC þ SAPT comparison demon-
strated high heterogeneity (I2: 90%), which suggests
inconsistency in the results for this particular com-
parison across studies (Supplemental Figure 1).

The network estimate suggests that there is no
significant difference in cardiovascular mortality be-
tween pairwise groups (SAPT vs DAPT: OR: 1.25;
95% CI: 0.68-2.31; P ¼ 0.47; DAPT vs OAC: OR: 0.67;
95% CI: 0.32-1.39; P¼0.28; and SAPT vs OAC: OR: 0.83;

https://doi.org/10.1016/j.jacadv.2025.101719
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CENTRAL ILLUSTRATION Post-Transcatheter Aortic Valve Replacement Antithrombotic
Treatment in Patients Without an Indication for Anticoagulation
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This central illustration presents a network meta-analysis of 8 RCTs and 3 PSM cohorts (N ¼ 5,821) evaluating the effectiveness and safety of

various antithrombotic regimens following TAVR. P scores for all-cause mortality, cardiovascular mortality, stroke, myocardial infarction,

major bleeding, and total bleeding are shown for each treatment regimen. A P score closer to 1.00 indicates greater effectiveness and fewer

adverse events. DOAC ¼ direct oral anticoagulant; PSM ¼ propensity score-matched; RCT ¼ randomized controlled trial; other abbreviations

as in Figures 2, 3, and 5.
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95% CI: 0.36-1.92; P ¼ 0.66) (Figure 4). DAPT ranked as
the best treatment for preventing cardiovascular
mortality following TAVR (P score ¼ 0.82) (Table 2).
SAFETY OUTCOMES. SAPT was associated with a
significant reduction in both risk of major or life-
threatening and total bleeding compared with DAPT
(OR: 0.53; 95% CI: 0.35-0.80; P ¼ 0.003 and OR: 0.53;
95% CI: 0.40-0.70; P < 0.001, respectively), OAC
(OR: 0.52; 95% CI: 0.28-0.99; P ¼ 0.042 and OR: 0.57;
95% CI: 0.40-0.82; P ¼ 0.002, respectively), and
OAC þ SAPT (OR: 0.32; 95% CI: 0.13-0.76; P ¼ 0.011
and OR: 0.35; 95% CI: 0.21-0.60; P < 0.001, respec-
tively). However, DAPT did not reduce the risk of
major or life-threatening bleeding and total bleeding
significantly compared with OAC (OR: 0.99; 95% CI:
0.55-1.75; P ¼ 0.97 and OR: 1.08; 95% CI: 0.81-1.42;



FIGURE 1 PRISMA Flowchart

This flowchart depicts the study selection process following the PRISMA 2020 guidelines, outlining the number of studies identified,

screened, assessed for eligibility, and included in the final analysis. PRISMA ¼ Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.
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P ¼ 0.59, respectively) OAC or OAC þ SAPT (OR: 0.60;
95% CI: 0.27-1.31; P ¼ 0.20 and OR: 0.66; 95% CI: 0.42-
1.04; P ¼ 0.072, respectively). However, total
bleeding showed a trend favoring OAC. Additionally,
adding SAPT to OAC did not cause a significant in-
crease in the risk of major or life-threatening bleeding
(OR: 0.61; 95% CI: 0.23-1.60; P ¼ 0.32) or total
bleeding (OR: 0.61; 95% CI: 0.36-1.05; P ¼ 0.070)
compared with OAC alone (Figure 3, Supplemental
Figure 1). SAPT ranked as the best treatment
for prevention of bleeding following TAVR
(P score ¼ 0.99) (Table 2).

The risk of MI and stroke did not differ significantly
between various regimens (Figure 4). However, based
on P scores, DOAC and SAPT ranked as the best
antithrombotic regimens for preventing MI and
stroke following TAVR, respectively (DOAC P score ¼
0.76 and SAPT P score ¼ 0.72) (Table 2). The between-
and within-study heterogeneity was low (I2 <25% and
Cochran’s Q test P > 0.05) for all safety outcomes.
Moreover, network node-splitting analysis showed no
statistical inconsistency (Supplemental Figure 1).
More details on the number of clinical and imaging
events in the participants of each trial were reported
in Supplemental Table 3.
META-REGRESSION. Meta-regression analyses were
conducted to examine the modifying effects of pa-
tients’ baseline characteristics on primary safety and
efficacy outcomes. Our analyses revealed that COPD
was the only factor with a significant modifying effect
on the reduced risk of major or life-threatening
bleeding after SAPT vs DAPT, with an estimated
regression coefficient (bb) of 0.087, indicating the
change in the log OR for the outcome per increase in
COPD percentage (P ¼ 0.044; I2 ¼ 0%) (Figure 5). No
other baseline characteristics showed a significant

https://doi.org/10.1016/j.jacadv.2025.101719
https://doi.org/10.1016/j.jacadv.2025.101719
https://doi.org/10.1016/j.jacadv.2025.101719
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FIGURE 2 Network Plot of Included Studies

This network plot illustrates the comparative evidence for

antithrombotic treatment regimens in relation to all-cause

mortality. Nodes (circles) represent different treatment strate-

gies, with larger nodes indicating a greater number of patients

assigned to that intervention. Edges (lines) denote direct

comparisons between treatments, with thicker lines corre-

sponding to a higher number of studies evaluating the respec-

tive comparison. DAPT ¼ dual antiplatelet therapy; OAC ¼ oral

anticoagulant; SAPT ¼ single antiplatelet therapy.
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modifying effect on the risk of major or life-
threatening bleeding or all-cause mortality. The
bubble plots of each baseline characteristic are pro-
vided in the Supplemental Figure 2.

SUBGROUP ANALYSIS. Separat ing low-dose
r ivaroxabanD3-month SAPT from other regimens. In
a subgroup analysis, we considered low-dose
rivaroxabanþ3-month SAPT as a separate treatment
arm to understand the specific impact of low-dose
rivaroxaban vs other treatments, including SAPT,
DAPT, and VKA. Both SAPT and DAPT showed a sig-
nificant reduction in all-cause mortality compared
with low-dose rivaroxabanþ3-month SAPT (OR: 0.56;
95% CI: 0.35-0.89; P ¼ 0.015 and OR: 0.58; 95% CI:
0.38-0.88; P ¼ 0.011, respectively). Also, low-dose
rivaroxabanþ3-month SAPT was associated with a
significant increase in the risk of all-cause mortality
compared with VKA þ SAPT (OR: 2.55; 95% CI:
1.44-4.52; P ¼ 0.001). SAPT was associated with a
reduced risk of major or life-threatening bleeding
and total bleeding compared with low-dose
rivaroxabanþ3-month SAPT (OR: 0.25; 95% CI:
0.11-0.57; P ¼ 0.001 and OR: 0.35; 95% CI: 0.21-0.60;
P < 0.001, respectively). No significant differences
were observed in the risk of cardiovascular mortality,
MI, or stroke between low-dose rivaroxabanþ3-
month SAPT and other antithrombotic regimens
(Supplemental Figure 3).

Compar i son of DOAC with or without SAPT with
other reg imens . In this subgroup analysis, DOAC
with or without SAPT (DOAC � SAPT) and
VKA þ SAPT were separated instead of being
considered as DOAC and OAC þ SAPT groups in the
main analysis. This differentiation allowed for a
more precise comparison between the effects of
DOAC and VKA þ SAPT. The DOAC � SAPT was
associated with a significantly increased risk of all-
cause mortality compared with VKA þ SAPT. Addi-
tionally, DOAC � SAPT was associated with a higher
risk of major bleeding compared with VKA þ SAPT.
No significant difference was observed between
DOAC � SAPT and VKA þ SAPT in terms of stroke or
MI risk (Supplemental Figure 4).

Sens i t iv i ty ana lys i s af ter removing PSM cohort
stud ies . In this sensitivity analysis, we removed 3
PSM studies from the total data set to repeat the
analysis only on RCTs. The objective was to evaluate
the robustness of the results and examine how
excluding these studies impacted the findings. After
excluding the PSM cohorts from the included studies,
DAPT was associated with a significant reduction in
all-cause mortality compared with OAC þ SAPT (OR:
0.58; 95% CI: 0.39-0.88; P ¼ 0.009). Furthermore,
SAPT continued to show no significant difference
compared to DAPT or DOAC regarding the risk of all-
cause mortality. The exclusion of PSM studies rein-
forced the earlier findings that SAPT was associated
with a significantly reduced risk of major or life-
threatening bleeding compared with both DAPT and
OAC þ SAPT (Supplemental Figure 5). Similar to the
main analysis, no significant differences were found
in the risk of cardiovascular mortality across antith-
rombotic regimens, indicating the robustness of
our findings even after removing PSM studies
(Supplemental Figure 6).

Bayes ian network meta-analys i s . The Bayesian
network meta-analysis indicated no significant
difference in the risk of all-cause mortality, cardio-
vascular mortality, MI, and stroke between antith-
rombotic regimens following TAVR (Supplemental
Figure 7). Compared with SAPT, DAPT was associ-
ated with a higher risk of major or life-threatening
bleeding (OR: 1.9; 95% CrI: 1.1-3.3) (Supplemental
Figure 7B) and total bleeding (OR: 1.9; 95% CrI:
1.2-2.8) (Supplemental Figure 7C). Additionally,
OAC þ SAPT was associated with an increased risk of
total bleeding compared with SAPT (OR: 2.8; 95% CrI:
1.1-7.1). There was no significant difference in the risk
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TABLE 1 Study Characteristics

First Author, Year Study Design

No. of Participants Antithrombotic Regimen Following TAVR

Total Arm 1 Arm 2 Arm 1 Arm 2

SAPT vs DAPT

Ussia et al, 20117 Open-label single-center
RCT

79 39 40 Aspirin only (100 mg,
daily) (SAPT)

LD ¼ 300 mg clopidogrel
Aspirin (100 mg, daily) þ

clopidogrel (75 mg, daily)
(DAPT)

Stabile et al, 201411 Pilot randomized
single-center trial

120 60 60 Aspirin only (75-160 mg,
daily) (SAPT)

Aspirin (75-160 mg, daily) þ
clopidogrel (75 mg, daily) or
ticlopidine (500 mg, twice a
day) (DAPT)

D’Ascenzo et al,
201723

Retrospective PSM
analysis from ITER
Registry

1210
(post-PSM)

605 605 Aspirin only (80 mg,
daily) (SAPT)

Aspirin (80-100 mg, daily) þ
clopidogrel (75 mg, daily)
(DAPT)

Ichibori et al,
201724

Nonrandomized
retrospective cohort
with PSM analysis

88 44 44 Aspirin only (80-100 mg,
daily) (SAPT)

Aspirin (80-100 mg, daily) þ
clopidogrel (75 mg, daily) þ
ticlopidine (DAPT)

Rodés-Cabau et al,
20178

Open-label multicenter
RCT

222
(as-treated ¼ 219)

111
(as-treated ¼ 109)

111
(as-treated ¼ 110)

Aspirin only (80-100 mg,
daily) (SAPT)

LD ¼ 300 mg clopidogrel
Aspirin (80-100 mg, daily) þ

clopidogrel (75 mg, daily)
(DAPT)

Brouwer et al,
202010

Open-label multicenter
RCT

690 (modified
ITT ¼ 665)

331 334 LD ¼ 300 mg aspirin
Aspirin only (80-100 mg,

daily) (SAPT)

LD ¼ 300 mg aspirin þ 300 mg
clopidogrel

Aspirin (80-100 mg, daily) þ
clopidogrel (75 mg, daily)
(DAPT)

SAPT vs OAC þ SAPT

Merdler et al
2023a,b,22

Open-label multicenter
RCT

94 50 44 Low-dose aspirin
(81-100 mg, daily)
(SAPT)

Low-dose aspirin þ warfarin

DAPT vs OAC

Park et al, 202218 Open-label multicenter
RCT

229 118 111 Aspirin (100 mg, daily)
þ clopidogrel
(75 mg, daily) (DAPT)

Edoxaban (30-60 mg, daily)

DAPT vs OAC þ SAPT

Dangas et al,
202019

Open-label multicenter
RCT

1,644 818 826 LD ¼ 300 mg clopidogrel
Aspirin (75-100 mg,

daily) þ clopidogrel
(75 mg, daily) (DAPT)

Rivaroxaban (10 mg, daily) þ
aspirin (75-100 mg, daily)
(SAPT)

Collet et al,
2022c,20

Open-label multicenter
RCT

1,047 521 526 SAPT or DAPT with
aspirin and
clopidogrel
(doses upon
physician discretion)

Apixaban (2.5-5 mg, twice a day)
or apixaban þ SAPT or triple
therapy with aspirin and
clopidogrel

Naser et al 202325 Retrospective cohort
with PSM

426 153 273 Aspirin þ clopidogrel
(DAPT)

VKA (warfarin) þ SAPT

aThe study by Rogers et al (2021)15 is a 30-day follow-up, while the study by Merdler et al (2023)22 is a 24-month follow-up survey of LRT 2.0, both using the same study population for analysis. bIn both
studies by Rogers et al (2021)15 and Merdler et al (2023),22 all patients received VKA plus SAPT for 30 days, with VKA continuation beyond 30 days left to the physician’s discretion. cIn the study by Collet et al
(2022)20 (Stratum 2), the DOAC arm included 3 regimens: 57.8% received apixaban alone, 35.5% received apixaban þ SAPT, and 6.7% received triple therapy with apixaban þ DAPT.

AKI ¼ acute kidney injury; ATR ¼ antithrombotic regimen; DAPT ¼ dual antiplatelet therapy; DVT ¼ deep vein thrombosis; HALT ¼ hypoattenuated leaflet thickening; ITER ¼ Italian Transcatheter Balloon-
Expandable Valve Implantation Registry; ITT ¼ intention-to-treat; LD ¼ loading dose; MACE¼ major adverse cardiac events; MI ¼myocardial infarction; OAC ¼ oral anticoagulant; PE ¼ pulmonary embolism;
PSM ¼ propensity score matching; RCT ¼ randomized controlled trial; RELM ¼ reduced leaflet motion; SAPT ¼ single antiplatelet therapy; SE ¼ systemic embolism; TAVR ¼ transcatheter aortic valve
replacement; TE ¼ thromboembolic events; TIA ¼ transient ischemic attack; VARC ¼ Valve Academic Research Consortium; VKA ¼ vitamin K antagonist.

Continued on the next page
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of total bleeding or major or life-threatening bleeding
between other antithrombotic regimens. The poten-
tial scale reduction factor indicated good conver-
gence across all outcomes (Supplemental Figure 7).
Node-splitting analysis demonstrated no evidence of
network inconsistency between direct vs indirect
evidence (Supplemental Figure 8).
Publ i cat ion b ias . The visual assessment of the
funnel plots and Egger’s test indicated no evidence of
publication bias for all-cause mortality (P ¼ 0.95),
cardiovascular mortality (P ¼ 0.33), total bleeding
(P ¼ 0.72), major or life-threatening bleeding
(P ¼ 0.34), MI (P ¼ 0.46), and stroke (P ¼ 0.99).
Furthermore, Begg’s test indicated no evidence of
publication bias across all outcomes in the compari-
son between SAPT and DAPT (Supplemental Table 4).
Funnel plots for each outcome are provided in
Supplemental Figure 7.
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TABLE 1 Continued

Duration of Antithrombotic Treatment Following TAVR

Outcomes
Follow-Up
DurationArm 1 Arm 2

SAPT for the duration of the trial and then
lifelong

DAPT for the initial 3 mo, followed by SAPT
lifelong

The composite of MACE including all-cause death, MI,
major stroke, urgent or emergency conversion to
surgery, and life-threatening bleeding

6 mo

SAPT for the duration of the trial and then
lifelong

DAPT for the initial 6 mo, followed by SAPT
lifelong

All-cause mortality, VARC-defined endpoints 6 mo

6 mo 6 mo Prosthetic heart valve dysfunction at follow-up 14 mo

12 mo 12 mo All-cause death, MI, stroke, and major or
life-threatening bleeding complications

12 mo

SAPT continued for at least 6 mo DAPT for the initial 3 mo, followed by SAPT for
at least 6 mo

The rate of death, MI, ischemic stroke or TIA, or major or
life-threatening bleeding

3 mo

SAPT for the duration of the trial and then
lifelong

DAPT for the initial 3 mo, followed by SAPT All bleeding, nonprocedure-related bleeding 12 mo

SAPT for 1 mo, followed by ATR upon
physician discretion

Warfarin þ SAPT for 1 mo, followed by ATR
upon physician discretion

All-cause mortality, HALT, at least moderate RELM,
hemodynamic dysfunction, stroke, TIA, life-
threatening and major bleeding, major vascular
complications, AKI, pacemaker implantation

24 mo

DAPT for 6 mo Edoxaban for 6 mo The incidence of valve leaflet thrombosis 6 mo

DAPT for 3 mo, followed by SAPT Rivaroxaban þ SAPT for 3 mo, followed by
rivaroxaban

The composite of all-cause death or TE (stroke, MI,
symptomatic valve thrombosis, noncentral nervous
system SE, DVT, or PE), life-threatening, disabling,
or major bleeding

17 mo

Not specified, but in the case of DAPT, 6 mo
was applied

Apixaban for 12 mo The composite of death, MI, stroke or TIA, noncentral
nervous system SE, intracardiac or valve thrombosis,
episode of DVT or PE, life-threatening, disabling, or
major bleeding

12 mo

3-6 mo 3 mo þ SAPT Evaluation of the medium-term outcomes of ischemic
stroke, death, valve replacement or intervention,
and structural valve degeneration

2.7 (1.1-4.2)
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Qual i ty assessment . The quality of RCTs was
assessed using the RoB-2 quality assessment tool. We
found that 6 (75%) had a low risk of bias or some
concerns, although 2 RCTs were identified as having a
high risk of bias (Supplemental Figure 8). All PSM co-
horts were evaluated as having a moderate risk of bias
based on the ROBINS-I tool (Supplemental Figure 9).

DISCUSSION

The current network meta-analysis depicted SAPT as
a prudent post-TAVR antithrombotic strategy with
the most balance between safety and efficacy in pa-
tients with no indication for long-term OAC therapy.
Postprocedural SAPT significantly reduced safety
outcomes of total and major/life-threatening bleeding
compared with DAPT, DOAC, or OAC þ SAPT. Mean-
while, there were no differences in terms of cardio-
vascular mortality, stroke, and MI across all regimens.
Although no significant difference in all-cause mor-
tality was retrieved among the 4 main arms of
the study, there was a trend against DOAC � SAPT
(driven by low-dose rivaroxabanþ3-month SAPT) in
sensitivity analyses compared with SAPT, DAPT, and
even VKA þ SAPT.

Contemporary guidelines—ACC/American Heart
Association 2020 (Class 2A) and ESC/European
Association for Cardio-Thoracic Surgery 2021
(Class _)—recommend lifelong SAPT for patients with
bioprosthetic TAVR who have no other baseline in-
dications for OAC.26,27 This statement supports our
findings that SAPT is the safest and most effective
approach, as it lowers the risk of bleeding and stroke
and reduces all-cause mortality. Besides, our initial
findings of a significant reduction of major or life-
threatening bleeding due to SAPT compared to
DAPT and OAC þ SAPT were fortified by their con-
sistency in our sensitivity analyses. We must high-
light that these findings should be interpreted with
extra caution, as some pairwise analysis results are
predominantly based on indirect evidence, which
may introduce uncertainty and limit external val-
idity. Therefore, further randomized trials are needed
to confirm these results. In alignment with our study,
a similar network meta-analysis of 7 RCTs by Guede-
ney et al28 demonstrated that SAPT more than halved
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FIGURE 3 Pairwise Network Meta-Analysis of Primary Efficacy and Safety Outcomes

This figure presents a pairwise network meta-analysis comparing SAPT, DAPT, OAC, and

OAC þ SAPT for all-cause mortality, major or life-threatening bleeding, and total

bleeding. ORs with 95% CIs are displayed for each comparison. OAC þ SAPT ¼ oral

anticoagulant plus single antiplatelet therapy; other abbreviations as in Figure 2.
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the major or life-threatening bleeding compared with
DAPT or DOAC � SAPT without significant difference
in terms of ischemic complications including MI,
stroke, and systemic embolism. Turgeon et al’s
TABLE 2 Ranking of Antithrombotic Regimens for Safety and Efficac

Treatment All-Cause Mortality Cardiovascular Mortality Total Bleedi

SAPT 0.70 0.48 0.99

DOAC 0.07 0.28 0.55

DAPT 0.67 0.82 0.42

OAC þ SAPT 0.54 0.41 0.02

The P score indicates the relative superiority of each treatment. A P score closer to 1.00

DOAC ¼ direct oral anticoagulant; other abbreviations as in Table 1.
relevant network meta-analysis of 11 RCTs also stated
both SAPT and DAPT as the best-ranking treatments
in decreasing all-cause death and MACE compared to
DOAC, VKA, or OAC þ SAPT. At the same time, SAPT
ranked first for major bleeding.29 The rationale for
SAPT’s superior risk-benefit profile is rooted in the
prevention of thromboembolic events as effectively
as DAPT or anticoagulant-based regimens, without
imposing an additional risk of bleeding, especially in
older adults suffering from multiple comorbidities
who encounter a serious concern of hemorrhagic
complications.

Furthermore, reviewing P score values depicted
the most efficient regimen to be DAPT in cardiovas-
cular mortality, SAPT in stroke, and DOAC in MI.
However, statistical significance was not retrieved
through pairwise comparisons regarding these 3 out-
comes, which aligned with the previous articles.28-30

Although none of the comparisons for all-cause
mortality were significantly different among various
regimens, a trend favoring antiplatelets was shown
compared to DOAC. Further separation of
DOAC � SAPT and VKA þ SAPT revealed a signifi-
cantly higher risk of all-cause mortality with
DOAC � SAPT compared to antiplatelets and
VKA þ SAPT, primarily driven by low-dose
rivaroxabanþ3-month SAPT. In line with our find-
ings, Guedeney et al23 showed a significant reduction
of all-cause mortality by DAPT vs low-dose
rivaroxaban þ SAPT. Our sensitivity analysis of
RCTs, excluding PSM cohorts, also indicated that
DAPT was the only regimen to show a statistically
significant benefit in reducing all-cause mortality
when compared to OAC þ SAPT, supporting Turgeon
et al’s conclusion.29 Nevertheless, the mentioned
study29 did not differentiate between the types of
anticoagulants combined with SAPT and their varia-
tions in dosage, as their OAC þ SAPT group repre-
sented the addition of SAPT to either a standard dose
of VKA or a low dose of rivaroxaban (10 mg daily).
Besides, the trials with patients having anti-
coagulation indications were included in this study,
diminishing the reliability of the study’s implication
y Outcomes Based on P Score

ng Major or Life-Threatening Bleeding Myocardial Infarction Stroke

0.99 0.74 0.72

0.44 0.76 0.48

0.47 0.35 0.52

0.08 0.12 0.27

suggests greater efficacy and lower adverse event risk.



FIGURE 4 Pairwise Network Meta-Analysis of Secondary Efficacy and Safety

Outcomes

This figure presents a pairwise network meta-analysis comparing SAPT, DAPT, OAC, and

OAC þ SAPT for cardiovascular mortality, stroke, and myocardial infarction. ORs with

95% CIs are displayed for each comparison. Abbreviations as in Figures 2 and 3.
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compared to our only “no indication” setting. Even
though the other network analysis by Guedeney et al28

noticed the variation of dosage in DOACs and the as-
sociation of low-dose rivaroxaban þ SAPT with a
higher risk of all-cause mortality as well as non-
cardiovascular mortality, VKA þ SAPT regimen was
still not considered in this study, making our network
meta-analysis themost comprehensive one in patients
with no anticoagulation indications. Accordingly,
ACC/American Heart Association 2020 guidelines have
contraindicated (Class: Harm) the addition of low-
dose rivaroxaban (10 mg daily) to aspirin for patients
with bioprosthetic transcatheter aortic valve in the
absence of other indications for OAC.26 In line with
this guideline, our study found that combining VKA
with SAPT appeared to be a more effective treatment
than low-dose rivaroxaban with 3-month SAPT, as it
led to significantly lower rates of both all-cause mor-
tality and major bleeding. Additionally, we observed a
trend favoring VKAþ SAPT over SAPT or DAPT in these
patients, though the wide confidence intervals indi-
cate that further research is needed to confirm these
findings. Despite DOACs’ better protection against
reduced leaflet motion, hypoattenuating leaflet
thickening,28,31 or valve thrombosis30,32 at standard
dosage, compared with antiplatelet therapy, they
have been denounced by some meta-analyses due to
their association with a higher incidence of all-cause
mortality probably due to non-CV causes.31-33 A trend
against DOAC vs SAPT or DAPT in all-cause mortality
was also obtained when we separated other DOACs
from low-dose rivaroxabanþ3-month SAPT. However,
it failed to reach statistical significance.

The meta-regression analysis revealed that the
decreased risk of major or life-threatening bleeding
with SAPT was significantly intensified compared to
DAPT as the prevalence of COPD rose. This study is
the first to use meta-regression analysis to evaluate
how baseline characteristics, such as COPD, modify
cardiovascular outcomes following different post-
TAVR antithrombotic strategies. Although a pair of
included studies23,24 sought the possible predictive
factors of antithrombotic outcomes, COPD had not
been entered in their regression analyses. Our find-
ings suggest that SAPT may be a safer antithrombotic
than DAPT in patients with COPD, given its more
significant reduction in the risk of major or life-
threatening bleeding. As COPD patients are associ-
ated with a higher risk of post-TAVR late bleeding
events, identifying the best antithrombotic regimen
for preventing bleeding events in this population is
crucial.34 Moreover, the impact of COPD on TAVR
outcomes remains unclear and should be further
investigated in future trials.
Our Bayesian network meta-analysis largely
confirmed the findings of the frequentist approach,
demonstrating consistency across all primary efficacy
outcomes. However, differences emerged in bleeding
risk estimates, where the frequentist model indicated
a significantly higher risk of total bleeding and major
or life-threatening bleeding for OAC vs SAPT and an
increased risk of major/life-threatening bleeding for
OAC þ SAPT vs SAPT, while these associations
became nonsignificant in the Bayesian model. This
discrepancy can be attributed to the limited direct
evidence (1 study per comparison) and greater reli-
ance on indirect comparisons, leading to wider cred-
ible intervals and Bayesian shrinkage effects. These
findings highlight the need for future randomized



FIGURE 5 Bubble Plot of Meta-Regression Analysis on Chronic Obstructive Pulmonary Disease

This bubble plot illustrates the meta-regression analysis assessing the modifying effect of COPD on the risk of major or life-threatening

bleeding in patients receiving SAPT vs DAPT following TAVR. The regression line represents the relationship between COPD prevalence and

the OR for major or life-threatening bleeding with SAPT compared with DAPT, while the bubble size corresponds to the study’s weight in the

analysis. COPD ¼ chronic obstructive pulmonary disease; TAVR ¼ transcatheter aortic valve replacement; other abbreviations as in Figure 2.

Siami et al J A C C : A D V A N C E S , V O L . 4 , N O . 5 , 2 0 2 5

Post-Transcatheter Aortic Valve Replacement Antithrombotic Treatment M A Y 2 0 2 5 : 1 0 1 7 1 9

12
trials to provide more robust direct evidence to
compare the risk of bleeding after OAC and
OAC þ SAPT vs SAPT in patients without indication
for anticoagulation undergoing TAVR.

Although no analysis was conducted regarding
antithrombotic regimen duration in our study, a
comprehensive review of each study’s results high-
lighted conclusions similar to those of Kuno et al,35 as
no differences were observed between 3-month and
6-month DAPT in terms of safety and efficacy out-
comes. Additionally, for OACs, there appeared to be
no apparent differences in outcomes between OACs
taken for 3 months or less and those taken for more
than 3 months, which may be influenced by the type
of OAC (VKA vs DOAC) rather than duration alone.

LIMITATIONS AND FUTURE DIRECTIONS. Our meta-
analysis has several limitations that need consider-
ation. First, variations in study design, follow-up
duration, and treatment protocols introduce
between-study heterogeneity. Differences in antith-
rombotic regimen and OAC dosages across studies
further contribute to variability. Most studies re-
ported outcomes at inconsistent follow-up time
points, requiring data extraction from the latest
available period in each study. Second, the limited
availability of direct comparisons for “OAC” and
“OAC þ SAPT” pairwise analyses necessitated reli-
ance on predominantly indirect evidence, which may
impact the generalizability and external validity of
our findings. However, our network meta-analysis
demonstrated no significant heterogeneity or incon-
sistency, reinforcing the credibility of our results
despite sparse direct comparisons. Importantly,
network meta-analysis is designed to integrate
limited direct evidence with indirect comparisons,
making it an optimal methodological approach for
research settings where head-to-head trials are
sparse. Third, periprocedural effects of antith-
rombotic regimens were not evaluated, potentially
leading to an underestimation of their long-term
impact. Fourth, new-onset atrial fibrillation was
pooled with preexisting atrial fibrillation in baseline
characteristics, preventing an independent analysis
of its impact. Further studies are needed to assess
new-onset atrial fibrillation as a distinct outcome to
enhance understanding of its association with
different antithrombotic strategies. Fifth, we could
not assess the association between postprocedural
subclinical outcomes such as hypoattenuating leaflet
thickening and reduced leaflet motion because of a
lack of data in the included studies. Lastly, 69.9% of
the studies included in our analysis used BEVs, which
limited our ability to conduct a comprehensive
comparative analysis based on aortic valve type or
generation. Future research should investigate po-
tential differences between BEVs and self-expandable
valves to refine treatment recommendations.



PERSPECTIVES

COMPETENCY IN PATIENT CARE: This study signifies SAPT

as the safest and most effective treatment for patients without

indication for anticoagulation post-TAVR. It is especially benefi-

cial for older adults with frailty or comorbidities like COPD,

where bleeding risks are increased. Careful consideration of in-

dividual patient characteristics and risk factors is critical to

optimize outcomes.

TRANSLATIONAL OUTLOOK: SAPT is associated with less

adverse events following TAVR in patients without an indication

for anticoagulation. However, the limited number of randomized

controlled trials and the observed trend toward higher mortality

with DOACs highlight the need for well-powered head-to-head

RCTs to further evaluate the role of DOACs and VKAs in this

population. These future findings may lead to the refinement of

guideline-directed antithrombotic strategies following TAVR.
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CONCLUSIONS

This comprehensive network meta-analysis of 11
studies (8 RCTs and 3 PSM cohorts) comparing various
antithrombotic strategies, recommends SAPT as the
safest antithrombotic therapy for patients without an
indication for anticoagulation following TAVR. SAPT
ranked as the best treatment option for prevention of
all-cause mortality with the lowest risk of bleeding. At
the same time, our analyses suggested a trend toward
higher all-cause mortality in patients taking DOACs
compared with antiplatelets following TAVR. Further
studies are needed to assess the safety and efficacy of
DOACs and VKAs after TAVR in patients without in-
dications for long-term anticoagulation.
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