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Abstract

Aims To investigate the clinical outcomes associated with an antithrombotic therapy with or without clopidogrel after tran-
scatheter aortic valve replacement (TAVR).

Methods and results This is a study-level meta-analysis including all randomized trials investigating antithrombotic regimens
after TAVR. The protocol was registered with PROSPERO (CRD42020191036). We searched electronic scientific databases
for eligible studies. The primary outcome was all-cause death. Main secondary outcome was major bleeding. Other outcomes
were life-threatening (or disabling) bleeding, myocardial infarction (MI) and stroke. Six eligible trials randomly allocated
3056 TAVR patients to aspirin or oral anticoagulation (OAC) with clopidogrel (n=1525) versus aspirin and/or OAC with-
out clopidogrel (n=1531). In the overall estimates, an antithrombotic therapy with clopidogrel versus without displayed a
comparable risk of all-cause death [Risk Ratio—RR =0.83, 95% Confidence intervals—CI (0.57-1.20); P=0.25] and major
bleeding [RR=1.33, 95% CI (0.61-2.92); P=0.39]. However, the combination of aspirin or OAC with clopidogrel doubled
the risk of major bleeding as compared to aspirin or OAC without clopidogrel [RR =2.08, 95% CI (1.27-3.42); P=0.015, P
for interaction=0.021]. Treatment strategies did not differ with respect to the risk of life-threatening bleeding, MI and stroke.
Conclusions In patients receiving TAVR, a therapeutic strategy of aspirin or OAC with clopidogrel significantly increases
the risk of major bleeding without impact on mortality and ischemic outcomes compared to aspirin or OAC without clopi-
dogrel. The performance of different antithrombotic regimens in terms of long-term clinical outcomes and bioprosthesis
valve function requires further investigation.
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Graphic abstract

Forest plots from pairwise and network meta-analyses associated with an antithrombotic therapy with or without clopidogrel
Risk ratio for all outcomes of interest calculated with the pairwise meta-analysis (left side) and for main outcomes calculated
with the network meta-analysis (right side) in patients allocated to an antithrombotic therapy with clopidogrel or without.
The diamonds indicate the point estimate and the left and the right ends of the lines the [95% CI]. CI: Confidence intervals;

OAC; oral anticoagulation.
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Introduction

Transcatheter aortic valve replacement (TAVR) represents
the therapy of choice for the treatment of severe aortic valve
stenosis in high-risk patients, and a valuable alternative to
surgery in intermediate-and low-risk patients [1-3]. The
use of antithrombotic therapy after TAVR is supposed to be
crucial to lower the risk of ischemic complications and to
preserve the durability of prostheses [4]. However, the opti-
mal antithrombotic regimen after TAVR remains a matter of
ongoing controversy.

Current guidelines recommend a dual antiplatelet therapy
for 3—6 months after TAVR, followed by lifelong single anti-
platelet therapy in patients who do not need oral antico-
agulation (OAC) for other clinical indications [5, 6]. This
recommendation is based on expert consensus and indirect
evidence mostly extrapolated from coronary and peripheral
interventional procedures. Notwithstanding this, a dual ther-
apy with aspirin plus the irreversible P2Y 12-inhibitor clopi-
dogrel represents the most common antithrombotic regimen
after TAVR, while in patients with an OAC indication there
is a wide variability in terms of antithrombotic drugs and
combinations [7].

Over the last decade, several randomized trials investi-
gated the risk:benefit ratio of a clopidogrel-based antithrom-
botic therapy after TAVR as compared with aspirin and/or

OAC without clopidogrel, leading to inconclusive results
[8—12]. Against this background, we performed an updated
meta-analysis of randomized trials investigating the clinical
outcomes associated with antithrombotic therapies with or
without clopidogrel in patients receiving TAVR.

Methods
Data sources and searches

We searched Medline, EMBASE, the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), scientific session
abstracts and relevant websites without restricting language
or publication status. The references listed in all eligible
studies were checked to identify further citations. Search
terms included the keywords and the corresponding Medical
Subject Headings for: “transcatheter aortic valve replace-
ment”, “transcatheter aortic valve implantation”, “antithrom-
botic therapy”, “ dual antiplatelet
therapy”, “aspirin”, “clopidogrel”, “oral anticoagulation”,
“trial”, and “randomized trial”.

Inclusion criteria were: (1) randomized clinical trial, (2)
allocation to antithrombotic regimens with or without clopi-
dogrel after TAVR, and (3) follow-up duration > 6 months
for at least one outcome of interest. Comparisons do not
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prescribing clopidogrel in at least one treatment arm were
ineligible. The first search was performed on May 30, 2020
and the last search was performed on August 30, 2020.

Study selection and quality assessment

Publications were independently assessed for eligibility by
two investigators (CP and EX) at title and/or abstract level.
A third investigator (MJ) was in charge to resolve any diver-
gence occurred during the selection process. Studies that met
all inclusion criteria and no exclusion criteria were selected
for further analysis. Freedom from bias was independently
evaluated for each study by the same investigators in accord-
ance with The Cochrane Collaboration method [13]. Com-
posite quality scores were not assigned [14].

Data extraction and outcome variables

Data were extracted from studies by two investigators (CP
and TR). A third investigator (SC) was in charge to resolve
any divergence occurred during this process.

The primary outcome was all-cause death. The main
secondary outcome was major bleeding. Other outcomes
of interest included life-threatening (or disabling) bleeding,
myocardial infarction (MI), and stroke. We further evalu-
ated cardiovascular death. Aggregated outcomes data from
selected studies were analyzed according to the intention-to-
treat principle. All outcomes were collected at the maximum
follow-up duration and in accordance with the definitions
provided in the individual trial protocols.

Data synthesis and analysis

The means of continuous variables and the frequencies
or percentages of categorical variables were extracted for
exploratory purposes from baseline features of participants
enrolled in each included study. For the pairwise meta-
analysis, risk ratios (RRs) with 95% confidence intervals
[95% CI] and P values were used to compare outcomes
of interest between the group assigned to antithrombotic
therapies either with clopidogrel or without. RRs were
pooled using the Mantel-Haenszel random-effect model
with the Hartung-Knapp modification (package meta). The
weighted median follow-up duration was calculated based
on the sample size of each individual study. Heterogeneity
between trials was quantified using the / statistic accom-
panied by a Chi? test: I values of approximately 25%, 50%
and 75% were considered to indicate low, moderate or high
heterogeneity, respectively [13]. In addition, we estimated
the between-study variance with the Paule-Mandel estima-
tor for 72 and displayed the 95% prediction interval of each
pooled estimate [15]. Treatment effect was not assessed in
trials in which no events were reported within groups, while
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a continuity correction of 0.5 was applied if no events were
reported in only one treatment arm. The possibility of small
study effects resulting from publication bias or other biases
was examined for the main outcomes by means of visual
inspection of funnel plots of the RRs of individual trials
against their standard errors. We also tested the asymmetry
of summary estimates for main outcomes. We performed the
following sensitivity analyses:

I. using a Chi’ test for treatment-by-subgroup interac-
tion, we tested whether the administration of OAC
in the control group (as in the Global Study Compar-
ing a rivaroxaban-based antithrombotic strategy to
an antiplatelet-based strategy after transcatheter aor-
tic valve replacement to optimize clinical outcomes
[GALILEOQ] trial [11] and in the cohort B of the anti-
platelet therapy for patients undergoing transcatheter
aortic valve implantation [POPular-TAVI] trial [12]),
the multicenter design of original trials, the inclusion
of > 300 patients, or a follow-up duration > 6 months
were associated with significant changes in the esti-
mated RRs for all-cause death and major bleeding.

II.  An influence analysis, in which meta-analysis esti-
mates are computed omitting one study at a time,
was performed for all-cause death and major bleeding
and we assessed a possible difference between the
estimated overall RRs for main outcomes and RRs
generated after omitting each trial.

III. To further account for the different treatment regi-
mens investigated in this study, we performed a fre-
quentist network meta-analysis (package netmeta)
for the outcomes all-cause death and major bleeding,
providing a treatment ranking based on the P scores
according to Riicker et al., [16] which measure the
mean extent of certainty that a treatment is better than
the competing treatments.

IV. Finally, a random effects meta-regression analysis
assessed the modification of treatment effect for all-
cause death and major bleeding according to age,
female gender, diabetes, hypertension, New York
Heart Association (NYHA) class 3 or 4 at admission,
coronary artery disease (CAD), Society of Thoracic
Surgery (STS) score, euroSCORE 1, and proportion
of balloon-expandable prostheses, as reported in each
study.

P values <0.05 were considered statistically significant.
This study was performed in accordance with the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement (Online Resource 1) [17]. All analyses
were completed in R (version 3.3.2; R Foundation for Sta-
tistical Computing, Vienna, Austria). The protocol of this
study is registered with PROSPERO (CRD42020191036).
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Results
Eligible studies

The flow diagram for the trial selection process is shown in
online resource Fig. 1. Six randomized trials met all inclu-
sion criteria and no exclusion criteria [8—12, 18]. All tri-
als were published as full-length manuscripts. In total, the
trials included 3056 patients (1,525 participants randomly
allocated to receive aspirin or OAC with clopidogrel and
1531 participants allocated to receive aspirin and/or OAC
without clopidogrel). Treatment allocation was open-label
in all cases. Four [10-12, 18] out of six trials were multi-
center and investigation sites were located in Europe and
North America. The main characteristics of included trials
are shown in online resource T 2.

In brief, all trials enrolled patients with severe aortic
stenosis treated with TAVR. Allocation to antithrombotic
treatments took place before TAVR in all trials except in
the case of GALILEO trial [11], for which the random treat-
ment allocation occurred 1 to 7 days after TAVR and before
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Fig. 1 Forest plots for all-cause death and major bleeding associated
with an antithrombotic therapy with or without clopidogrel. Risk
ratio for all-cause death (Panel a) and major bleeding (Panel b) in
patients allocated to an antithrombotic therapy with clopidogrel or
without. The diamonds indicate the point estimate and the left and
the right ends of the lines the [95% CI]. CI confidence intervals; trial
acronyms are reported in Table 1

hospital discharge. All trials included patients without an
established indication for long-term OAC, except in the case
of the cohort B of POPular-TAVI trial [12]. In this latter
case, participants on long-term OAC (predominantly vita-
min K antagonists—VKA) were assigned to receive either
clopidogrel or not. In the remaining trials, a combination of
clopidogrel and aspirin was compared with aspirin alone or
aspirin and OAC (that is, rivaroxaban). Patients assigned to
clopidogrel-based regimens were administered a > 300 mg
single loading dose of this drug at least 24 h before TAVR.
The maintenance daily-dose of clopidogrel was 75 mg and
the duration of the therapy ranged between 3 and 6 months.
Aspirin was administered at a daily dose of 75-160 mg. In
the GALILEO trial [11], patients allocated to OAC received
a 10 mg daily dose of rivaroxaban. In case of new-onset
atrial fibrillation, patients receiving rivaroxaban in this trial
were to increase the daily dose to 20 mg (or 15 mg in the
presence of dose-reduction criteria), while patients receiving
clopidogrel were to replace the irreversible P2Y 12-inhibitor
with a VKA in the first 3 months.

Two trials were terminated prematurely: the Aspirin Ver-
sus Aspirin + Clopidogrel Following Transcatheter Aortic
Valve Implantation (ARTE) trial was stopped after the
inclusion of 74% of the planned study population because
of slow recruitment and missing financial support [10]. The
GALILEDO trial was halted by the data and safety monitoring
board because of safety concerns after 183 patients reached
the primary efficacy outcome consisting of the composite of
death from any cause or thromboembolic events (42% of the
planned 440 events) [11].

All but two trials [8, 9] reported the incidence of drug dis-
continuation in the group assigned clopidogrel-based regi-
mens and the proportion ranged between 4.5% and 18.9%.
The protocol-defined outcomes are displayed in online
resource T 3. The risk of bias with each study is reported in
online resource T 4.

Baseline characteristics are shown in Table 1. Half of
patients were male, median age was 80.6 years [interquar-
tile range, 80; 81], nearly a third had diabetes and nearly
80% had hypertension. Two third of participants presented
with NYHA class 3 or 4 at the time of inclusion in the pri-
mary trial. CAD was reported in 40% of participants and
more than 10% had a previous MI. Peripheral artery dis-
ease (PAD), involving lower and/or upper extremities, was
observed in a minority of patients. The median STS score
was 5.2 [interquartile range, 3.1; 7.5], and the median euro-
SCORE I was 18.4 [interquartile range, 13.2; 23.1]. Half of
patients received balloon-expandable prostheses. The over-
whelming majority of patients were treated via the femo-
ral access. A total of 2990 patients (n= 1493 allocated to
aspirin or OAC with clopidogrel and n= 1497 allocated to
aspirin and/or OAC without clopidogrel) corresponding to
97.8% of all patients originally randomized had outcomes
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Fig.2 Forest plots for other secondary outcomes associated with an
antithrombotic therapy with or without clopidogrel. Risk ratio for
life-threatening bleeding (Panel a) and myocardial infarction (Panel
b) and stroke (Panel c¢) in patients allocated to an antithrombotic
therapy with clopidogrel or without. The diamonds indicate the point
estimate and the left and the right ends of the lines the [95% CI]. CI
confidence intervals; trial acronyms are reported in Table 1

asymmetry based on sample size confirmed these findings,
although the proficiency of this test is reduced due to the
relatively small number of studies available for this analysis.

In the influence analysis for all-cause death, no single
study significantly altered the direction of the summary
RR for this outcome. In contrast, in the influence analysis
for major bleeding, the outcome displaying significant het-
erogeneity, the magnitude of the treatment effect changed
significantly after the exclusion of the GALILEO trial [11]
[RR=2.08, 95% CI (1.27-3.42); P=0.015]. In this latter
case, the number needed to harm to observe one case of
major bleeding with aspirin or OAC and clopidogrel was
28 patients [12-115]. In addition, there was evidence of a
statistical difference between the estimated overall RRs for

major bleeding and RRs generated after omitting this trial (P
for interaction [P;,]=0.021, Online resource Fig. 4, Panel
A-B).

The network meta-analysis for all-cause death on
antithrombotic regimens after TAVR ranked OAC as the best
treatment option (P score 0.78) while aspirin and OAC as the
worst (P score 0.03; Online resource Fig. 5, Panel A). The
network meta-analysis for major bleeding ranked either aspi-
rin (P score =0.92) or OAC (P-score =0.70) as the first and
second best treatment options after TAVR (Online resource
Fig. 5, Panel B). In contrast, a therapy with aspirin and OAC
scored as the worst treatment option (P score=0.01). Of
note, a strategy of aspirin or OAC with clopidogrel did not
score as best treatment option both for all-cause death and
major bleeding. The league of risk estimates for the out-
comes tested with the network meta-analysis is provided in
online resource T 5 and T 6.

The treatment effect for all-cause death and major bleed-
ing was independent of age (P;,,=0.46 and 0.55), proportion
of females (P;,,=0.38 and 0.67), diabetics (P;,,=0.55 and
0.55), hypertension (P;,,=0.08 and 0.18), CAD (P;,,=0.91
and 0.49), STS score (P;,,=0.88 and 0.64), as well as euro-
SCORE (P;,,=0.95 and 0.19), and valve type (P;,,=0.30 and
0.73). The treatment effect for all-cause death, but not that
for major bleeding was dependent on NYHA class 3 or 4 at
admission (P;,,=0.014 and 0.15).

The administration of OAC among control therapies
(P, >0.11), the multicenter design (P;,,>0.93), the inclu-
sion of >300 patients (P;,,>0.30), or a follow-up dura-
tion > 6 months (P;,, > 0.30) were not associated with sig-
nificant changes in the estimated RRs for all-cause death and

major bleeding, respectively.

Discussion

The main findings of this meta-analysis can be summarized
as follows: in patients receiving an antithrombotic therapy
with clopidogrel after TAVR,

I. The risk of all-cause death was comparable to that
observed with either aspirin or OAC alone and lower
to that observed with aspirin and OAC in combina-
tion;

II. The risk of major bleeding was significantly increased
as compared to that observed with either aspirin or
OAC;

III. The risk of ischemic outcomes was comparable to
that observed with aspirin and/or OAC.

IV. A combination of aspirin and OAC scored as the
worst treatment option in terms of death and major
bleeding.
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The rationale for antithrombotic therapy in patients
treated with TAVR is manifold, though the evidence in
support of a specific antithrombotic regimen, ensuring an
adequate ischemic prophylaxis without excess bleeding,
remains controversial [4]. TAVR implants consist of graft
leaflets sutured to a metallic stent frame made of cobalt-
chromium or nitinol. On the one side, a therapy with aspirin
and clopidogrel is recommended to prevent device-related
thromboembolic events, until the endothelialization of the
metallic frame is at advanced stage or almost completed
(approximately 3 to 6 months after TAVR) [5, 6]. Interest-
ingly, there is no evidence in support of a lower risk of bio-
prosthesis valve dysfunction by means of dual antiplatelet
therapy after TAVR [19]. On the other side, patients receiv-
ing TAVR are at higher risk for thrombotic complications.
Intuitively, this hazard peaks during the periprocedural
phase, due to embolization of aortic debris or occurrence of
atrial arrhythmias, and remains stable thereafter. CAD and
PAD are reported in nearly 70% and 40% of TAVR patients,
respectively, while atrial fibrillation is present in circa one
third of patients either before or after TAVR [20]. In this
regard, the risk of cardiac- and/or cerebrovascular accidents
in TAVR patients is clinically relevant and requires a proper
antithrombotic therapy.

As first, the results of this meta-analysis are relevant in
that we report a neutral treatment effect for all-cause death
with an antithrombotic regimen with or without clopidogrel
after TAVR. In particular, our analysis showed no trade-
off between bleeding reduction and increased thrombotic
risk with a dual therapy with clopidogrel versus a single
therapy with either aspirin or OAC. Arguably, a strategy
whereby there is a reduction in the number, dose, or duration
of antithrombotic medications would be expected to reduce
bleeding risk. This is a pervasive feature of most trials of
antithrombotic therapy and, accordingly, adjudication of
overall patient benefit can be challenging, especially when
patients are elderly, frail and affected by several comorbidi-
ties. In this respect, all-cause death, the primary outcome
of the current study, might be a robust and sensitive indi-
cator of net clinical benefit in TAVR patients. In addition,
while the 40% relative risk reduction in the risk of death in
patients assigned to aspirin or OAC with clopidogrel ver-
sus aspirin and OAC in combination comes as no surprise
[11], the comparable mortality between a dual therapy with
clopidogrel and a single therapy with either aspirin or OAC
represents a finding of utmost importance.

Second, despite the pairwise meta-analysis displayed
no difference for major bleeding associated with a specific
antithrombotic therapy, the network meta-analysis revealed
a significant treatment-by-comparator interaction that is
worth mentioning. In fact, a dual therapy with clopidogrel
led to more than twofold increased risk of major bleeding
as compared to aspirin, but halved this risk as compared to
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a combination of aspirin and OAC. No significant differ-
ence was found in terms of bleedings between a dual therapy
with clopidogrel and OAC. Consistently, the P-score metric,
used to compare the hierarchy of the treatments, ranked both
aspirin and OAC as the best drugs in terms of effectiveness
and safety. From a trial design point of view, all included
studies used standardized bleeding definitions [21, 22], a
fact that highlights the reliability of present findings. Thus,
current recommendations from guidelines-writing authori-
ties concerning antithrombotic therapy after TAVR should
be carefully revised.

Third, the present study is consistent with two recent
meta-analyses comparing several antithrombotic thera-
pies after TAVR [23, 24]. Differently from these previous
analyses, we excluded observational studies from our search
strategy, because we firmly believe that randomized clinical
trials represent the highest standard of evidence for com-
parison of treatment strategies. Our meta-analysis confirms
the previously observed favorable risk:benefit profile of
antithrombotic regimens with either aspirin or OAC with-
out clopidogrel and lends support to the body of evidence
displaying that an antithrombotic therapy of aspirin or OAC
with clopidogrel increases the risk of major bleeding with-
out improving ischemic protection [25]. The sample size
available for our meta-analysis, with ~3,000 participants
included (approximately twice as many patients included as
the largest randomized trial completed to date), the analysis
of antithrombotic strategies in TAVR patients combining
information from direct and indirect estimations, and the
availability of the latest evidence on this research topic rep-
resent unique features of this study, which have a certain
clinical relevance.

Finally, we observed no change in the direction of treat-
ment effect for all-cause death and major bleeding dependent
on several features at trial level including the administration
of OAC in the comparator arm, the multicenter design, the
number of patients enrolled, and the follow-up duration. On
the one side, subgroup analyses remain hypothesis generat-
ing and should be interpreted with caution. On the other side,
future investigations will address whether a monotherapy
with either clopidogrel (or more potent antiplatelet agents)
or alternative OAC regimens, as stand-alone therapies or in
combination, are superior to current treatment strategies by
improving ischemic prevention without excess bleeding [25].

Limitations

A number of limitations should be taken into account when
interpreting the results of this study. First, this meta-analysis
relies on aggregate study-level data. A meta-analysis based
on individual patient data would be preferable to investigate
the impact of different antithrombotic regimens on multi-
ple features at patient (gender, comorbidities, indication
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for long-term OAC, risk scores), procedural (anatomical or
interventional complexity, valve type) and pharmacologi-
cal (antithrombotic drugs, genetic response) level. Second,
despite adherence data was available in the majority of tri-
als, the proportion of patients actually receiving allocated
treatment strategies remains unknown. Third, the analysis
cannot be extrapolated to antithrombotic regimens and dura-
tions other than those evaluated in the original trials. In this
regard, the overwhelming majority of the studies selected
for the present analysis excluded patients with an indication
to antithrombotic therapy because of recent acute coronary
syndrome or stent implantation. For this reason, the optimal
antithrombotic regimen in these patient populations cannot
be elaborated in the context of this meta-analysis. Finally,
only one out of six trials performed an imaging-based sys-
tematic evaluation of bioprosthesis valve function accord-
ing to specific antithrombotic regimens [26]. In this regard,
despite the lack of clinical benefit with aspirin or OAC and
clopidogrel as compared with aspirin or OAC without clopi-
dogrel observed in this meta-analysis, the comparative effi-
cacy of different antithrombotic strategies on valve-leaflet
thickening and motion remains to be studied in specifically
designed trials.

Conclusions

In patients receiving transcatheter aortic valve replacement,
a therapy with aspirin or oral anticoagulation and clopi-
dogrel as compared to either aspirin or oral anticoagulation
without clopidogrel significantly increases the risk of major
bleeding without reducing mortality or ischemic adverse
events such as myocardial infarction and stroke. The impact
of alternative antithrombotic regimens on ischemic and
bleeding outcomes and bioprosthesis valve function requires
further investigation.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Compliance with ethical standards

Conflict of interest HS reports honoraria from MSD SHARP and
DOHME, AMGEN, Bayer Vital GmbH, Boehringer Ingelheim, Daiichi
Sankyo, Novartis, Servier, Brahms, Bristol-Myers Squibb, Medtronic,
Sanofi Aventis, Synlab, Pfizer, institutional grant and honoraria from
Astra-Zeneca, and travel grants from Vifor outside the submitted work;
MIJ reports honoraria from Biotronik, Orbus Neich, Boston Scientific,
Medtronic, Astra Zeneca, outside the submitted work. SC reports in-
stitutional grant and honoraria from SIS Medical, institutional grant
and honoraria from Boston Scientific, honoraria from Astra Zeneca,
Translumina and Teleflex, outside the submitted work. The other au-
thors declare no potential conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson
LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Williams
M, Dewey T, Kapadia S, Babaliaros V, Thourani VH, Corso
P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ, Anderson
WN, Wang D, Pocock SJ (2011) Transcatheter versus surgical
aortic-valve replacement in high-risk patients. N Engl J] Med
364(23):2187-2198

2. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sonder-
gaard L, Mumtaz M, Adams DH, Deeb GM, Maini B, Gada H,
Chetcuti S, Gleason T, Heiser J, Lange R, Merhi W, Oh JK, Olsen
PS, Piazza N, Williams M, Windecker S, Yakubov SJ, Grube E,
Makkar R, Lee JS, Conte J, Vang E, Nguyen H, Chang Y, Mugglin
AS, Serruys PW, Kappetein AP (2017) Surgical or transcatheter
aortic-valve replacement in intermediate-risk patients. N Engl J
Med 376(14):1321-1331

3. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo
M, Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J,
Hahn RT, Blanke P, Williams MR, McCabe JM, Brown DL,
Babaliaros V, Goldman S, Szeto WY, Genereux P, Pershad A,
Pocock SJ, Alu MC, Webb JG, Smith CR, Investigators P (2019)
Transcatheter aortic-valve replacement with a balloon-expandable
valve in low-risk patients. N Engl J Med 380(18):1695-1705

4. Vranckx P, Windecker S, Welsh RC, Valgimigli M, Mehran R,
Dangas G (2017) Thrombo-embolic prevention after transcatheter
aortic valve implantation. Eur Heart J 38(45):3341-3350

5. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ,
Tung B, Lancellotti P, Lansac E, Rodriguez Munoz D, Rosenhek
R, Sjogren J, Tornos Mas P, Vahanian A, Walther T, Wendler
O, Windecker S, Zamorano JL (2017) 2017 ESC/EACTS guide-
lines for the management of valvular heart disease. Eur Heart J
38(36):2739-2791

6. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP
3rd, Fleisher LA, Jneid H, Mack MJ, McLeod CJ, O’Gara PT,
Rigolin VH, Sundt TM 3rd, Thompson A (2017) 2017 AHA/ACC
focused update of the 2014 aha/acc guideline for the management
of patients with valvular heart disease: a report of the American
college of cardiology/American heart association task force on
clinical practice guidelines. J] Am Coll Cardiol 70(2):252-289

7. Cerrato E, Nombela-Franco L, Nazif TM, Eltchaninoff H, Son-
dergaard L, Ribeiro HB, Barbanti M, Nietlispach F, De Jaegere P,
Agostoni P, Trillo R, Jimenez-Quevedo P, D’Ascenzo F, Wendler
O, Maluenda G, Chen M, Tamburino C, Macaya C, Leon MB,
Rodes-Cabau J (2017) Evaluation of current practices in tran-
scatheter aortic valve implantation: the WRITTEN (WoRldwlde
TAVI ExperieNce) survey. Int ] Cardiol 228:640-647

8. Ussia GP, Scarabelli M, Mule M, Barbanti M, Sarkar K, Cam-
malleri V, Imme S, Aruta P, Pistritto AM, Gulino S, Deste W,
Capodanno D, Tamburino C (2011) Dual antiplatelet therapy

@ Springer


http://creativecommons.org/licenses/by/4.0/

22

Clinical Research in Cardiology (2022) 111:14-22

10.

11.

12.

13.

14.

15.

16.

17.

18.

versus aspirin alone in patients undergoing transcatheter aortic
valve implantation. Am J Cardiol 108(12):1772-1776

Stabile E, Pucciarelli A, Cota L, Sorropago G, Tesorio T,
Salemme L, Popusoi G, Ambrosini V, Cioppa A, Agrusta M,
Catapano D, Moscariello C, Trimarco B, Esposito G, Rubino P
(2014) SAT-TAVI (single antiplatelet therapy for TAVI) study: a
pilot randomized study comparing double to single antiplatelet
therapy for transcatheter aortic valve implantation. Int J Cardiol
174(3):624-627

Rodes-Cabau J, Masson JB, Welsh RC, Garcia Del Blanco B, Pel-
letier M, Webb JG, Al-Qoofi F, Genereux P, Maluenda G, Thoenes
M, Paradis JM, Chamandi C, Serra V, Dumont E, Cote M (2017)
aspirin versus aspirin plus clopidogrel as antithrombotic treatment
following transcatheter aortic valve replacement with a balloon-
expandable valve: the arte (aspirin versus aspirin + clopidogrel
following transcatheter aortic valve implantation) randomized
clinical trial. JACC Cardiovasc Interv 10(13):1357-1365
Dangas GD, Tijssen JGP, Wohrle J, Sondergaard L, Gilard M,
Mollmann H, Makkar RR, Herrmann HC, Giustino G, Baldus S,
De Backer O, Guimaraes AHC, Gullestad L, Kini A, von Lewinski
D, Mack M, Moreno R, Schafer U, Seeger J, Tchetche D, Thom-
itzek K, Valgimigli M, Vranckx P, Welsh RC, Wildgoose P, Volkl
AA, Zazula A, van Amsterdam RGM, Mehran R, Windecker S
(2020) A controlled trial of rivaroxaban after transcatheter aortic-
valve replacement. N Engl J Med 382(2):120-129

Nijenhuis VJ, Brouwer J, Delewi R, Hermanides RS, Holvoet W,
Dubois CLF, Frambach P, De Bruyne B, van Houwelingen GK,
Van Der Heyden JAS, Tousek P, van der Kley F, Buysschaert I,
Schotborgh CE, Ferdinande B, van der Harst P, Roosen J, Peper
J, Thielen FWF, Veenstra L, Chan Pin Yin D, Swaans MJ, Rens-
ing B, van 't Hof AWJ, Timmers L, Kelder JC, Stella PR, Baan
J, Ten Berg JM (2020) Anticoagulation with or without clopi-
dogrel after transcatheter aortic-valve implantation. N Engl J Med
382(18):1696-1707

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman
AD, Savovic J, Schulz KF, Weeks L, Sterne JA (2011) The
Cochrane Collaboration’s tool for assessing risk of bias in ran-
domised trials. BMJ 343:d5928

Juni P, Witschi A, Bloch R, Egger M (1999) The hazards of
scoring the quality of clinical trials for meta-analysis. JAMA
282(11):1054-1060

IntHout J, Ioannidis JP, Rovers MM, Goeman JJ (2016) Plea for
routinely presenting prediction intervals in meta-analysis. BMJ
Open 6(7):010247

Rucker G, Schwarzer G (2015) Ranking treatments in frequentist
network meta-analysis works without resampling methods. BMC
Med Res Methodol 15:58

Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med 151(4):264-269

Brouwer J, Nijenhuis VJ, Delewi R, Hermanides RS, Holvoet
W, Dubois CLF, Frambach P, De Bruyne B, van Houwelingen

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

GK, Van Der Heyden JAS, Tousek P, van der Kley F, Buyss-
chaert I, Schotborgh CE, Ferdinande B, van der Harst P, Roosen
J, Peper J, Thielen FWF, Veenstra L, Chan Pin Yin D, Swaans
MlJ, Rensing B, van 't Hof AWJ, Timmers L, Kelder JC, Stella
PR, Baan J, Ten Berg JM (2020) Aspirin with or without Clopi-
dogrel after Transcatheter Aortic Valve Implantation. N Engl J
Med 383(15):1447-1457

Chakravarty T, Sondergaard L, Friedman J, De Backer O, Berman
D, Kofoed KF, Jilaihawi H, Shiota T, Abramowitz Y, Jorgensen
TH, Rami T, Israr S, Fontana G, de Knegt M, Fuchs A, Lyden P,
Trento A, Bhatt DL, Leon MB, Makkar RR (2017) Subclinical
leaflet thrombosis in surgical and transcatheter bioprosthetic aortic
valves: an observational study. Lancet 389(10087):2383-2392
Saito Y, Nazif T, Baumbach A, Tchetche D, Latib A, Kaple R,
Forrest J, Prendergast B, Lansky A (2019) Adjunctive antithrom-
botic therapy for patients with aortic stenosis undergoing tran-
scatheter aortic valve replacement. JAMA Cardiol 5(1):92-101
Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kap-
petein AP, Krucoff MW, Mack M, Mehran R, Miller C, Morel
MA, Petersen J, Popma JJ, Takkenberg JJ, Vahanian A, van Es
GA, Vranckx P, Webb JG, Windecker S, Serruys PW (2011)
Standardized endpoint definitions for transcatheter aortic valve
implantation clinical trials: a consensus report from the Valve
Academic Research Consortium. Eur Heart J 32(2):205-217
Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem
NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es
GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ,
Mehran R, Rodes-Cabau J, Vranckx P, Webb JG, Windecker S,
Serruys PW, Leon MB (2012) Updated standardized endpoint
definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document. Eur
Heart J 33(19):2403-2418

Kuno T, Takagi H, Sugiyama T, Ando T, Miyashita S, Valentin
N, Shimada YJ, Kodaira M, Numasawa Y, Kanei Y, Hayashida K,
Bangalore S (2020) Antithrombotic strategies after transcatheter
aortic valve implantation: Insights from a network meta-analysis.
Catheter Cardiovasc Interv 96(2):E177-E186

Zhu'Y, Zou Z, Huang Y, Zhang L, Chen H, Li Y, Liu C, Li X, Xu
D, Zeng Q (2020) Comparative efficacy and safety of antithrom-
botic therapy for transcatheter aortic valve replacement: a system-
atic review and network meta-analysis. Eur J Cardiothorac Surg
57(5):965-976

Guedeney P, Mehran R, Collet JP, Claessen BE, Ten Berg J, Dan-
gas GD (2019) Antithrombotic therapy after transcatheter aortic
valve replacement. Circ Cardiovasc Interv 12(1):e007411

De Backer O, Dangas GD, Jilaihawi H, Leipsic JA, Terkelsen
CJ, Makkar R, Kini AS, Veien KT, Abdel-Wahab M, Kim WK,
Balan P, Van Mieghem N, Mathiassen ON, Jeger RV, Arnold M,
Mehran R, Guimaraes AHC, Norgaard BL, Kofoed KF, Blanke
P, Windecker S, Sondergaard L (2020) Reduced Leaflet Motion
after Transcatheter Aortic-Valve Replacement. N Engl J] Med
382(2):130-139



	Antithrombotic therapy with or without clopidogrel after transcatheter aortic valve replacement. A meta-analysis of randomized controlled trials
	Abstract
	Aims 
	Methods and results 
	Conclusions 
	Graphic abstract

	Introduction
	Methods
	Data sources and searches
	Study selection and quality assessment
	Data extraction and outcome variables
	Data synthesis and analysis

	Results
	Eligible studies
	Clinical outcomes
	Main outcomes
	Other outcomes
	Assessment of risk of bias and sensitivity analyses

	Discussion
	Limitations

	Conclusions
	References




