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ABSTRACT
Introduction and objectives: Current expert consensus guidelines recommend dual antiplatelet therapy (DAPT) with aspirin and
clopidogrel as antithrombotic strategy after transcatheter aortic valve implantation (TAVI) in patients without an indication for
long-term oral anticoagulation. However, these recommendations have not been developed based on the results of large randomized
clinical trials. The objective of this study is to compare single antiplatelet therapy (SAPT) to DAPT in patients without an indication
for long-term anticoagulation after TAVI.
Methods: The PubMed, Embase, and the main international conference proceedings were reviewed in the search for randomized
controlled trials comparing SAPT to DAPT after TAVI. Data were pooled using a meta-analysis and a random-effects model. The
primary endpoint was life-threatening or major bleeding.
Results: Four trials enrolling 1086 patients were included. Compared to patients treated with DAPT, those treated with SAPT
showed a lower risk of life-threatening or major bleeding (OR, 0.44; 95%CI, 0.27-0.70), and any bleeding (OR, 0.51; 95%CI, 0.360.71). No differences were observed between patients treated with SAPT compared to those treated with DAPT regarding all-cause
mortality (OR, 1.01; 95%CI, 0.61-1.68), myocardial infarction (OR, 0.50; 95%CI 0.17-1.41), and stroke (OR, 0.98; 95%CI,
0.54-1.77).
Conclusions: In patients without an indication for long-term anticoagulation undergoing TAVI, single antiplatelet therapy with
aspirin compared to DAPT is associated with a lower risk of life-threatening or major bleeding and a comparable risk of all-cause
mortality, myocardial infarction, and stroke.
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Tratamiento antiagregante plaquetario único o doble tras implante
percutáneo de válvula aórtica. Metanálisis de ensayos clínicos aleatorizados
RESUMEN
Introducción y objetivos: Las guías de práctica clínica actuales recomiendan la terapia antiagregante plaquetaria doble con ácido
acetilsalicílico y clopidogrel como estrategia antitrombótica tras el implante percutáneo de válvula aórtica (TAVI) en pacientes sin
indicación de anticoagulación oral a largo plazo. Sin embargo, estas recomendaciones no se han desarrollado de acuerdo con los
resultados de grandes ensayos aleatorizados. Por ello, el objetivo de esta investigación es comparar la terapia antiplaquetaria en
monoterapia con el tratamiento antiagregante doble en pacientes sin indicación de anticoagulación a largo plazo después de un
TAVI.
Métodos: Se realizaron búsquedas en PubMed, Embase y los principales congresos internacionales para encontrar ensayos clínicos
aleatorizados que compararan el tratamiento antiagregante único con la doble terapia antiplaquetaria después de un TAVI. Los
datos se agruparon en un metanálisis mediante un modelo de efectos aleatorios. El objetivo principal del estudio fue la hemorragia
grave o potencialmente mortal.
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Resultados: Se incluyeron cuatro ensayos que en total reclutaron 1086 pacientes. Los pacientes bajo tratamiento antiagregante en
monoterapia, en comparación con aquellos con doble terapia antiplaquetaria, tuvieron menor riesgo de hemorragia grave o
potencialmente mortal (odds ratio [OR] = 0,44; intervalo de confianza del 95% [IC95%], 0,27-0,70) y de cualquier sangrado
(OR = 0,51; IC95%, 0,36-0,71). No se observaron diferencias entre los pacientes tratados con monoterapia y los tratados con doble
terapia antiagregante en cuanto a muerte por cualquier causa (OR = 1,01; IC95%, 0,61-1,68), infarto de miocardio (OR = 0,50;
IC95%: 0,17-1,41) y accidente cerebrovascular (OR = 0,98; IC95%, 0,54-1,77).
Conclusiones: En los pacientes sin indicación de anticoagulación a largo plazo sometidos a TAVI, la monoterapia con ácido
acetilsalicílico en comparación con la doble terapia antiagregante se asocia con un menor riesgo de hemorragia grave o potencialmente mortal y con un riesgo comparable de muerte por cualquier causa, infarto de miocardio y accidente cerebrovascular.

Palabras clave: Tratamiento antitrombótico. TAVI. Tratamiento antiagregante. Ácido acetilsalicílico. Sangrado.
Abbreviations
DAPT: dual antiplatelet therapy. PCI: percutaneous coronary intervention. RCT: randomized clinical trial. SAPT: single antiplatelet
therapy. TAVI: transcatheter aortic valve implantation.

INTRODUCTION
Over the last 20 years, transcatheter aortic valve implantation
(TAVI) has emerged as a successful therapeutic alternative strategy
to surgery to treat aortic valve stenosis in patients of high, intermediate, and low surgical risk.1-6
Ischemic and bleeding complications are not rare after TAVI and can
be life-threatening. Recently, the PARTNER 3 and Evolut Low Risk
clinical trials have shown low, yet non-negligible, incidence rates of
both stroke, and major bleeding within 30 days after TAVI.5,6
As of today, dual antiplatelet therapy (DAPT) with aspirin and clopidogrel is the most commonly used antithrombotic regimen after
TAVI in patients without an indication for long-term oral anticoagulation enrolled in clinical studies. Indeed, the recommendations from
different societal guidelines suggest 1 to 3, 3 to 6 or 6 months of
therapy with clopidogrel plus low doses of aspirin. However, such
recommendations have not been developed based on the results of
large randomized clinical trials.7-10 Indeed, reports on course duration
over the last decade have suggested a neutral or beneficial effect of
single antiplatelet therapy (SAPT) compared to early DAPT followed
by SAPT regarding vascular complications and major or life-threatening bleeding and no higher risk for myocardial infarction, and
stroke.11-13 Recently, aspirin alone proved superior compared to a
3-month course of aspirin plus clopidogrel followed by aspirin in
terms of bleeding alone and combined with thromboembolic complications at the 1-year follow-up.14
We conducted a meta-analysis of available randomized clinical
studies to provide a comprehensive and quantitative assessment of
the evidence available on the safety and efficacy profile of SAPT
compared to DAPT after TAVI in patients with no indication for
long-term oral anticoagulation.

METHODS
Search strategy and selection criteria
Randomized clinical trials (RCTs) including patients undergoing
TAVI were evaluated to be included in this meta-analysis. Eligible
studies had to meet the following prespecified inclusion criteria:
a) RCTs comparing SAPT to DAPT after TAVI, and b) availability
of clinical outcome data. The exclusion criteria were these: a) RCTs

including patients requiring oral anticoagulation, b) lack of randomized design, c) lack of any clinical outcome data.
The search strategy, study selection, data extraction, and data analysis were performed based on The Cochrane Collaboration and the
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.15
Back in August 31, 2020, we searched the PubMed and Embase
databases. We also searched abstracts presented at relevant scientific
meetings (American Heart Association, American College of Cardiology, European Society of Cardiology, EuroPCR, and Transcatheter
Cardiovascular Therapeutics). We also used backward snowballing
(ie, review of references from identified articles and pertinent
reviews). The search strategy is available in the supplementary data.
Data extraction
Three investigators (J. Sanz-Sánchez, C. A. Pivato, and P. P. Leone)
independently assessed studies with potential to be included. The
senior investigator (G. G. Stefanini) resolved the discrepancies.
Non-relevant articles were excluded based on title and abstract. The
same investigators independently extracted data on the study
design, measurements, patient characteristics, and outcomes, using
a standardized data-extraction form. Data extraction conflicts were
discussed and resolved with the senior investigator (G. G. Stefanini).
Data about the authors, year of publication, inclusion, and exclusion
criteria, sample size, the patients’ baseline characteristics, endpoint
definitions, effect estimates, and follow-up time were collected.
Outcomes of interest
The prespecified primary endpoint was life-threatening or major
bleeding. The secondary clinical endpoints were all-cause mortality,
myocardial infarction, stroke, and any bleeding. Each endpoint was
assessed according to the definitions reported in the original study
protocols as shown on table 1 of the supplementary data.
Risk of bias
The risk of bias in each study was assessed using the revised
Cochrane risk-of-bias tool (RoB 2.0).16 Three investigators (J. Sanz-
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Sánchez, C. A. Pivato, and P. P. Leone) independently assessed 5
domains of bias in the RCTs: 1) randomization process, 2) deviations from intended interventions, 3) missing outcome data, 4)
outcome measurements, and 5) selection of reported results (table 2
of the supplementary data).

278 articles identified through
database search (PubMed and
Embase) for abstract screening

265 excluded:
– 125 studies without a randomized
design
– 71 not pertinent
– 69 without relevant clinical
outcomes

Statistical analysis
The odds ratios (OR) and the 95% confidence intervals (CI) were
calculated using the DerSimonian and Laird random-effects model
with the estimate of heterogeneity being taken from the MantelHaenszel method. The number needed to treat (NNT) to prevent
1 event was calculated from weighted estimates of pooled ORs using
the random-effects meta-analytic model. The presence of heterogeneity among the studies was evaluated using Cochran Q test based
on a chi-square distribution with P values ≤ .10 considered statistically significant, and the I2 test to evaluate inconsistencies. A value
of 0% indicates no observed heterogeneity, and values of ≤ 25%,
≤ 50%, > 50% are indicative of low, moderate, and high heterogeneity, respectively. The presence of publication bias was investigated by visual estimation through funnel plots. We conducted a
leave-one-out sensitivity analysis for the primary endpoint by iteratively removing 1 study at a time to confirm that our findings were
not driven by any single study. Further sensitivity analyses were
conducted by calculating the ORs with a 95%CI using a fixed-effects
model with the Mantel and Haenszel method and the risk ratios
with a 95%CI using both fixed-effects and random-effects models.
The statistical level of significance was 2-tailed P values < .05.
Statistical analyses were performed using the Stata software version
13.1 (StataCorp LP, College Station, United States).

13 identified four full-text
screening

9 excluded due to non randomized
or retrospective design

4 studies finally included
in the meta-analysis

Figure 1. Flowchart of the study selection process.

Publication bias and asymmetry
The funnel-plot distributions of the prespecified outcomes are
indicative of lack of publication bias for all the outcomes (figures 1-5
of the supplementary data).

RESULTS

Outcomes

Search results

Compared to patients treated with DAPT, those treated with SAPT
had a lower risk of life-threatening or major bleeding (OR, 0.44;
95%CI, 0.27-0.70; I2 = 0%), and any bleeding (OR, 0.51; 95%CI,
0.36-0.71; I2 = 0%) (figure 2). No differences were seen between
patients treated with SAPT compared to those treated with DAPT
in terms of all-cause mortality (OR, 1.01; 95%CI, 0.61-1.68; I2 = 0%),
myocardial infarction (OR, 0.50; 95%CI, 0.17-1.41; I2 = 0%), and
stroke (OR, 0.98; 95%CI, 0.54-1.77; I2 = 0%) (figure 3). The NNT
to prevent 1 life-threatening or major bleeding was 17 patients and
the NNT to prevent any bleeding was 11 patients.

Figure 1 shows the PRISMA study search and selection process. A
total of 4 RCTs were identified and included in this analysis. The
main features of the studies included are shown on table 1.
A total of 541 patients treated with aspirin and 545 patients treated
with DAPT after TAVI were included.

Baseline characteristics
The main baseline characteristics of the patients included are
shown on table 2. Most patients underwent TAVI due to aortic
stenosis. The Society of Thoracic Surgeons mean predicted risk of
mortality was 4.4% and most of the procedures were performed
via transfemoral access.

Risk of bias assessment
Table 2 of the supplementary data shows the results of the risk of
bias assessment using the RoB 2.0 tool. Two trials were considered
at a low overall risk of bias11,14 and 2 presented some concerns.12,13

Table 1. Key study features
Study

Year of
publication

Study design

POPular TAVI14

2020

ARTE11

N of patients

Multicentre

Follow-up

DAPT duration

Overall

DAPT

SAPT

RCT

665

334

331

Yes

12 months

3 months

2017

RCT

222

111

111

Yes

3 months

3 months

SAT-TAVI12

2014

RCT

120

60

60

No

6 months

6 months

Ussia et al.13

2011

RCT

79

40

39

No

6 months

3 months

DAPT, dual antiplatelet therapy; RCT, randomized clinical trial; SAPT, single antiplatelet therapy.
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Table 2. Baseline clinical characteristics of the patients included
Study

Age
(years)

Male

Diabetes

Hypertension

Atrial
fibrillation

NYHA
≥ III

LVEF

STSPROM
score

Previous
stroke

Previous
MI

Transfemoral
access

Valve-invalve

TAVI
indication:
aortic
stenosis

POPular TAVI14

80

50

24

75

–

65

–

2.5

4

9

89

6

98

ARTE11

79

58

35

79

–

–

54

6.3

–

21

69

–

–

SAT-TAVI12

81

37

27

95

–

89

52

10.0

–

–

100

–

100

Ussia et al.13

81

46

27

84

13

62

52

7.3

8

14

97

0

100

Overall

80

50

27

79

–

68

53

4.4

–

12

87

–

98

LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; STS-PROM, Society of Thoracic Surgeons Predicted Risk Of Mortality; TAVI,
transcatheter valve implantation.
Data are expressed as %.

OR (95%CI)

SAPT
n/N

DAPT
n/N

Weight,
%

POPular TAVI14

0.45 (0.25, 0.82)

17/331

36/334

62.83

ARTE11

0.31 (0.10, 0.99)

4/111

12/111

16.59

SAT-TAVI12

0.40 (0.10, 1.62)

3/60

7/60

11.42

Ussia et al.13

0.75 (0.16, 3.59)

3/39

4/40

9.16

Overall (I2 = 0.0%)

0.44 (0.27, 0.70)

27/541

59/545

100.00

POPular TAVI14

0.49 (0.33, 0.72)

50/331

89/334

74.10

ARTE11

0.31 (0.10, 0.99)

4/111

12/111

8.17

SAT-TAVI12

0.56 (0.19, 1.64)

6/60

10/60

9.44

1.03 (0.32, 3.27)

7/39

7/40

8.30

0.51 (0.36, 0.71)

67/541

118/545

Life-threatening

Any

or major bleeding

bleeding

Ussia et al.13
Overall (I2 = 0.0%)

0.0963

1
Favor SAPT

100.00

10.4
Favor DAPT

Figure 2. Bleeding outcomes in patients treated with SAPT compared to DAPT after TAVI. DAPT, dual antiplatelet therapy; SAPT, single antiplatelet therapy;
TAVI, transcatheter aortic valve implantation.

Sensitivity analyses

DISCUSSION

Findings remained consistent with the main analysis after calculating the ORs using a fixed effects model and risk ratios with both
fixed and random-effects models (table 3 of the supplementary
data).

The current meta-analysis evaluated available RCTs comparing
SAPT with aspirin to DAPT in patients undergoing TAVI with no
indication for long-term oral anticoagulation. The main findings
were these:

The leave-one-out sensitivity analysis results remained consistent
with the primary analysis (table 4 of the supplementary data).

1) The risk of life-threatening or major bleeding, and any bleeding
is reduced in patients treated with SAPT compared to DAPT.
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OR (95%CI)

SAPT
n/N

DAPT
n/N

Weight,
%

POPular TAVI14

1.12 (0.59, 2.13)

21/331

19/334

61.68

ARTE11

0.56 (0.16, 1.95)

4/111

7/111

15.97

SAT-TAVI12

1.00 (0.19, 5.16)

3/60

3/60

9.37

Ussia et al.13

1.32 (0.33, 5.34)

5/39

4/40

12.97

Overall (I2 = 0.0%)

1.01 (0.61, 1.68)

33/541

33/545

100.00

POPular TAVI14

0.67 (0.19, 2.39)

4/331

6/334

67.16

ARTE11

0.24 (0.03, 2.21)

1/111

4/111

22.39

Ussia et al.13

0.33 (0.01, 8.43)

0/39

1/40

10.45

SAT-TAVI12

(Excluded)

0/60

0/60

0.00

Overall (I2 = 0.0%)

0.50 (0.17, 1.41)

5/541

11/545

POPular TAVI14

0.95 (0.48, 1.88)

17/334

18/334

76.68

ARTE11

0.33 (0.03, 3.20)

1/111

3/111

6.85

SAT-TAVI12

2.03 (0.18, 23.06)

2/60

1/60

6.03

Ussia et al.13

1.58 (0.25, 10.03)

3/39

2/40

10.43

Overall (I2 = 0.0%)

0.98 (0.54, 1.77)

23/541

24/545

100.00

All-cause

mortality

Myocardial

infarction

100.00

Stroke

0.0335

1
Favor SAPT

29.8
Favor DAPT

Figure 3. All-cause mortality and efficacy outcomes in patients treated with SAPT compared to DAPT after TAVI. DAPT, dual antiplatelet therapy; SAPT, single
antiplatelet therapy; TAVI, transcatheter aortic valve implantation.

2) The risk of all-cause mortality, myocardial infarction, and stroke
did not differ between the 2 treatment strategies.
Currently, the clinical practice guidelines recommend DAPT for 1
to 6 months after TAVI in patients with no indication for long-term
oral anticoagulation.7-9 However, this regimen is not supported by
actual evidence available. This practice is derived from the percutaneous coronary intervention field where the addition of a P2Y12
inhibitor to aspirin compared to aspirin monotherapy proved to
reduce the risk of ischemic complications especially stent thrombosis.17 The addition of clopidogrel to aspirin after TAVI has the
theorical rationale of reducing the rate of ischemic cerebrovascular
events, myocardial infarction, and valve thrombosis.

Ischemic stroke is one of the worst complications after TAVI. Its
highest incidence rate occurs within the first 24 hours after the
procedure. It seems to be mainly associated with embolized tissue
waste during TAVI due to dilation of the calcified valve or navigation through the aortic arch.18-20 Instead, subacute stroke (between
1 to 30 days after the procedure)—representative of a quarter of the
total number events at 2 years—4,21 are often associated with
new-onset atrial fibrillation,22-24 against which DAPT is known to
perform poorly.
Another motivation to prescribe DAPT after TAVI is to limit the
rate of myocardial infarction. Nevertheless, the reported rate of
myocardial infarction after TAVI is relatively low,4,21 and
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concomitant coronary artery disease is often treated percutaneously
before TAVI. Therefore, the addition of a P2Y12 inhibitor to aspirin
after TAVI does not seem to offer any additional advantages
compared to aspirin monotherapy regarding the reduction of the
risk of myocardial infarction as our results showed.
Finally, while symptomatic valve thrombosis is a rare condition
(< 1%), subclinical thrombosis has a higher incidence rate (from
10% to 40% according to different series).25-27 The clinical impact
of this phenomenon is still unknown: it could not only impact valve
durability due to pannus formation, but it also has been associated
with a higher rate of transient ischemic attack.25,26 In this setting,
the pathophysiology of thrombus formation after TAVI is also still
under discussion as the relative weight of primary and secondary
hemostasis is still to be established. On the one hand, the endothelial injury and high shear stress environment present all around the
valve stent frame before re-endothelialization may favour platelet
aggregation, thus leading to the formation of a platelet-rich
thrombus. This is somehow similar to what happens during coronary stent thrombosis against which the most effective treatment
has proven to be DAPT.17 On the other hand, the bioprosthetic
sinus of the valve leaflets could favour a condition of low shear
stress and flow turbulence, thus predisposing to the development
of a thrombin-rich thrombus. DAPT seems to offer no benefit over
SAPT in terms of reducing bioprosthetic valve thrombosis while
oral anticoagulants have proven to both prevent and resolve this
complication.25-27 However, so far the only trial to assess the role
of anticoagulant therapy following TAVI in patients with no indication for long-term oral anticoagulation is the Global study
comparing a rivaroxaban-based antithrombotic strategy to an antiplatelet-based strategy after transcatheter aortic valve replacement
to optimize clinical outcomes (GALILEO). It was stopped following
relevant safety issues seen on the interim analyses revealing higher
rates of complications with low doses of rivaroxaban/aspirin
compared to DAPT including hard endpoints like mortality (6.8%
vs 3.3%).28
Overall, ischemic events post-TAVI seem to elude the antiplatelet
action provided by thienopyridines added to aspirin. A current
meta-analysis confirms that the addition of a P2Y12 inhibitor does
not reduce the risk of ischemic events (ie, myocardial infarction,
and stroke), but most importantly predisposes patients to a higher
risk of life-threatening or major bleeding. The bleeding risk reduction seen with SAPT compared to DAPT shown by this meta-analysis is of great clinical relevance, with a NNT of only 11 patients
to prevent any bleeding and a NNT of 17 patients to prevent 1
life-threatening or major bleeding. Moreover, since most of the
bleeding events occur within 30 days after the procedure, likely
due to periprocedural antithrombotic therapy and access site
bleeding complications,1-4,29 even a short-term DAPT course raises
safety issues in term of bleeding events.
Based on the evidence published so far and the results of this
research, in patients with no indication for long-term anticoagulation undergoing TAVI, aspirin monotherapy should be preferred
over DAPT. However, larger trials are still needed to determine
whether antiplatelet strategies should be tailored and based on the
valve implanted (balloon-expandable vs self-expandable) or on the
particular valve-in-valve implantation setting; also, to elucidate the
role of alternative antiplatelet regimens (ie, P2Y12i monotherapy),
and oral anticoagulants.

Limitations
The results of our study should be interpreted considering some
limitations. First, this was a study-level meta-analysis that provided
average treatment effects. Also, the lack of patient-level data from

the studies included data prevents us from assessing the impact
baseline clinical and procedural characteristics had on treatment
effects. Secondly, minor differences in the definition used were
present in the ischemic endpoints, thus limiting the reliability of
the effect estimates. However, in terms of the bleeding endpoints,
the VARC definition was used in all the studies included, which
adds to the robustness of our findings. Finally, the limited
number of studies and patients as well as the small event rate
for certain endpoints such as myocardial infarction may have
reduced the statistical power to detect any significant inter-group
differences.
Additional evidence will be provided by ongoing randomized trials:
the Antithrombotic strategy after trans-aortic valve implantation for
aortic stenosis (ATLANTIS, NCT02664649) trial will evaluate the
benefit of apixaban therapy (standard dose) vs standard of care; the
Anticoagulant versus dual antiplatelet therapy for preventing leaflet
thrombosis and cerebral embolization after transcatheter aortic
valve replacement (ADAPT-TAVR, NCT03284827) trial will compare
edoxaban (standard dose) vs DAPT. Finally, the Dual antiplatelet
therapy versus oral anticoagulation for a short time to prevent
cerebral embolism after TAVI (AUREA, NCT01642134) trial will
study a strategy of vitamin K antagonist vs a 3-month course of
DAPT.

CONCLUSIONS
In patients without an indication for long-term anticoagulation
undergoing TAVI, monotherapy with aspirin compared to DAPT is
associated with a lower risk of life-threatening or major bleeding,
and a comparable risk of all-cause mortality, myocardial infarction,
and stroke.
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WHAT IS KNOWN ABOUT THE TOPIC?
– Ischemic and bleeding complications are not rare after
TAVI and can be life-threatening. To reduce the rate of
stroke, myocardial infarction, and valve thrombosis, the
clinical practice guidelines recommend a 1 to 6 month
DAPT course after TAVI in patients with no indication for
long-term oral anticoagulation. However, this regimen is
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not supported by the current evidence and overall, ischemic events post-TAVI seem to elude the antiplatelet
action provided by thienopyridines added to aspirin.
Indeed, reports on therapy duration over the last decade
have suggested a neutral or beneficial effect of aspirin
monotherapy compared to early DAPT followed by aspirin
regarding vascular complications, and major or life-threatening bleedings.
WHAT DOES THIS STUDY ADD?
– The present study confirms that the addition of thienopyridines added to aspirin does not reduce the risk of ischemic events (namely myocardial infarction, and stroke).
Instead it predisposes patients to an increased risk of
life-threatening or major bleeding. The bleeding risk
reduction with aspirin compared to DAPT is of great
clinical relevance, with a NNT of only 11 patients to
prevent any bleeding and a NNT of 17 patients to prevent
1 life-threatening or major bleeding. Based on the
evidence published so far and the results of this study, in
patients without an indication for long-term anticoagulation undergoing TAVI, aspirin monotherapy should be
preferred over DAPT.
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