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The relative safety and efficacy of aspirin versus dual antiplatelet therapy (DAPT; aspirin
+clopidogrel) in patients who underwent transcatheter aortic valve implantation (TAVI)
and did not have a long-term indication for oral anticoagulation remains controversial.
Digital databases were searched to identify relevant articles. The major safety end point
was bleeding, while the efficacy end points included after-TAVI ischemic and thrombotic
events. Data were analyzed using a random effect model to calculate the pooled unad-
justed odds ratio (OR) for dichotomous outcomes. Eleven studies comprising 4805 patients
(aspirin 2258, DAPT 2547) were included in the quantitative analysis. Patients receiving
aspirin-alone had significantly lower odds of all cause bleeding (OR 0.41, 95% CI 0.29 to
.057, p <0.00001), major vascular bleeding (OR 0.51, 95% CI 0.34 to 0.77, p = 0.001),
Valve Academic Research Consortium 2 (VARC-2) major bleeding (OR 0.50, 95% CI
0.30 to 0.83 p = 0.008), VARC-2 minor bleeding (OR 0.55, 95% CI 0.31 to 0.97, p = 0.04),
transfusion requirement (OR 0.39, 95%CI 0.15 to 0.0.98, p = 0.05) and major vascular
complications (OR0.41, 95% CI 0.26 to 0.66, p = 0.0002) compared with after-TAVI
patients receiving both aspirin and clopidogrel. These was no significant difference in the
odds of VARC-2 life threatening bleeding (OR 0.52, 95% CI 0.25 to 1.07, p = 0.08), pros-
thetic valve thrombosis (OR 1.17, 95% CI 0.22 to 6.30, p = 0.85), cardiac tamponade (OR
0.77, 95% CI 0.20 to 2.98, p = 0.70), conversion to open procedure (OR 1.99, 95 % CI 0.42
to 9.44, p = 0.39), MI (OR 0.79 95% CI 0.38 to 1.64, p = 0.52), transient ischemic attack
(TIA) (OR 0.89, 95% CI 0.12 to 6.44, p = 0.91), major stroke (OR 0.68 95 % CI 0.43 to
1.08, p = 0.10), disabling stroke (0R 1.01, 95% CI 0.41 to 2.48, p = 0.99), cardiovascular
mortality (OR 0.81 95% CI 0.38 to 1.74, p = 0.59) and all-cause mortality (OR 0.86, 95%
CI 0.63 to 1.16, p = 0.31) between the 2 groups. In conclusion, after-TAVI patients who
received aspirin alone had lower bleeding events with no significant differences in mortal-
ity and stroke rate compared with those who received DAPT. © 2021 Elsevier Inc. All
rights reserved. (Am J Cardiol 2021;145:111−118)
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Transcatheter aortic valve implantation (TAVI) has
recently emerged as a safe and effective alternative to open
surgical valve implantation (SAVR) for the management of
patients with severe symptomatic aortic stenosis.1 Current
recommendations for oral anticoagulation (OAC) following
bioprosthetic SAVR valves include aspirin and vitamin K
antagonist for the first three months in the absence of other
risk factors. For patients with compelling indications for
OAC, the use of vitamin K antagonist reduces the risk of
valvular thrombosis and after-TAVI stroke in the absence
of other risk factors. The optimal antithrombotic therapy
following TAVI in patients with no indication for OAC has
not been well defined. The current American College of
Cardiology guidelines recommend dual antiplatelet therapy
(DAPT), aspirin plus clopidogrel for the first 6months fol-
lowed by lifelong low dose aspirin in after-TAVI patients.2

The European Society of Cardiology also recommend aspi-
rin along with a thienopyridine in the early after-TAVI
period and aspirin or thienopyridine alone indefinitely.3

These recommendations, based mostly on expert opinion
have not been widely adopted. With the release of recent
POPular TAVI (Antiplatelet Therapy for Patients Undergo-
ing Transcatheter Aortic Valve Implantation) data pointing
towards the better safety and equal efficacy of aspirin-only
therapy, antithrombotic therapy following TAVI needs to
be reevaluated.4 We reviewed the safety and efficacy of
aspirin versus aspirin and clopidogrel in after-TAVI
patients with no other indication for long term anticoagula-
tion in this meta-analysis which may help guide antiplatelet
strategy in this group of patients.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.12.087&domain=pdf
mailto:alraies@hotmail.com
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2020.12.087
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Methods

A comprehensive literature search of digital databases,
including PubMed, Embase and Cochrane up to October 4,
2020, was performed. Medical subject headings (MeSH)
and keywords were systematically identified from previous
sources and the PubMed database. Using the boolean opera-
tors, the MESH terms for TAVI such as “transcatheter aor-
tic valve implantation,” “TAVI,” “TAVI,” were combined
with a list of MeSH terms for medications including
“aspirin,” “DAPT,” “clopidogrel,” “antiplatelet,” “aspirin
+clopidogrel,” and “dual antiplatelet agents,”. The results
from all possible combinations were screened by 4 authors
for relevance. Based on our clinical research question, stud-
ies from the reference lists were also screened by an inde-
pendent author (backward snowballing). (Supplementary
Appendix) All randomized control trials (RCTs) and obser-
vational cohort studies (OCS) including patients
age>18 years and comparing the merits of aspirin against
DAPT in patients with TAVI and having no indication for
OAC therapy were included. (Supplementary Table 1) The
primary safety end point was major bleeding. Other safety
and efficacy outcomes included a risk of MI, valve throm-
bosis and stroke.

The statistical analysis was performed using the DerSi-
monian Laird test on a random-effects model to compute
Figure 1. Summary and detailed graphs of me
the pooled unadjusted odds ratio (OR) for dichotomous
data. To assess the effect of potential confounders on the
pooled effect size, data were stratified based on matched
definitions of standard outcomes. To avoid the imputation
of data by the larger potentially influential studies, a sen-
sitivity analysis based on the study weight was also per-
formed. Higgins I-squared (I2) statistic model was used
to evaluate heterogeneity and variations in outcomes of
the included studies. I2>50% corresponded to low to
moderate, and >75% indicated high heterogeneity. The
publication bias was assessed using Egger’s regression
test and illustrated graphically with funnel plotting. The
methodological quality of observational studies was
reported using a risk of bias tool-2 (ROB-2) for RCTs
and the NewCastle Ottawa Scale (NOS) for OCS. All
point estimates were reported along with a 95% confi-
dence interval (CI). An alpha criterion of p-value less
than 0.05 was considered statistically significant. The sta-
tistical analysis was performed using the Cochrane
Review Manager version 5.4.1.

The overall quality of the included RCTs and OCS was
high. (Figure 1) Most RCTs except the SAT-TAVI trial
were open labels violating the “allocation concealment,”
however, all RCTs were randomized reducing the overall
risk of selection bias. The risk of reporting and detection
thodological bias of the included RCTs.

www.ajconline.org
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bias was also minimal due to adequate outcomes reporting
and blinding of assessment, respectively. (Supplementary
Figure 1) The “intention to treat” model in most RCTs
reduced the risk of attrition bias. The risk of bias across
OCS was also low on NOS as shown in the supplementary
appendix. (S. Table 2)
Results

Our initial comprehensive search identified a total of
2,407 articles. After exclusion of duplicate (1,042) and
irrelevant (1,297) studies, 68 were reviewed in the full-text
form. (Figure 2) A prespecified inclusion criterion was used
to select articles. After a detailed group discussion, eleven
articles qualified for the quantitative analysis. Four studies
were randomized controlled trials (RCTs) and seven articles
were observational cohort studies (OCS) (6 retrospectives,
1 prospective). The detailed Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram is given in Figure 2.

A total of 4,805 patients; 2,258 in the aspirin and 2,547
in the DAPT group were included in this analysis. There
were no differences in the baseline characteristics between
the 2 comparison groups. The overall mean age was 82
years; 81.9 years in aspirin-alone and 81.6 years in the
DAPT group. 55% of the patients were female. Baseline
co-morbidities included hypertension (78.6% vs 78.4%),
Figure 2. PRISMA flow diagram showing the included studies and reasons

of exclusion.
diabetes mellitus (22.6% vs 22.3%) and prior history of cor-
onary artery bypass graft (CABG) (14.9% vs 16.2%) in
aspirin-alone and DAPT groups, respectively. It is impor-
tant to note that most trials including the ARTE and SAT-
TAVI trials excluded patients with recent PCI within the
last 12 and 6 months of enrollment. The follow-up duration
ranged from 30-days to 1-year with a median follow-up
duration of 12-months. The detailed characteristics, defini-
tions of outcomes and the selection criteria of the included
studies are presented in supplementary tables. (Supplemen-
tary Table 1.)

The use of aspirin-alone was associated with signifi-
cantly lower odds of all cause bleeding (OR 0.41, 95% CI
0.29 to .057, p <0.00001), major vascular bleeding (OR
0.51, 95% CI 0.34 to 0.77, p = 0.001), VARC-2 major
bleeding (OR 0.50, 95% CI 0.30 to 0.83 p = 0.008), VARC-
2 minor bleeding (OR 0.55, 95% CI 0.31 to 0.97, p = 0.04),
transfusion requirement (OR 0.39, 95%CI 0.15 to 0.0.98,
p = 0.05) and major vascular complications (OR0.41, 95%
CI 0.26 to 0.66, p = 0.0002) compared with patients receiv-
ing both aspirin and clopidogrel. These was no significant
difference in the odds of VARC-2 life threatening bleeding
(OR 0.52, 95% CI 0.25 to 1.07, p = 0.08), valve thrombosis
(OR 1.17, 95% CI 0.22 to 6.30, p = 0.85), cardiac tampo-
nade (OR 0.77, 95% CI 0.20 to 2.98, p = 0.70), and conver-
sion of TAVI to SAVR (OR 1.99, 95 % CI 0.42 to 9.44,
p = 0.39) between the two groups. (Figure 3, Supplementary
Figure 2-6)

The major efficacy end point including MI (OR 0.79
95% CI 0.38 to 1.64, p=0.52), transient ischemic attack
(TIA) (OR 0.89, 95% CI 0.12 to 6.44, p = 0.91), minor
stroke (OR 0.79 95% CI 0.38 to 1.66, p = 0.53), stroke (OR
0.68 95 % CI 0.43 to 1.08, p = 0.10), disabling stroke (0R
1.01, 95% CI 0.41 to 2.48, p = 0.99), cardiovascular mortal-
ity (OR 0.81 95% CI 0.38- to 1.74, p = 0.59), and all-cause
mortality (OR 0.86, 95% CI 0.63 to 1.16, p = 0.31) also
remained identical in patients on aspirin compared with
DAPT after-TAVI. There was minimal to moderate hetero-
geneity in the outcomes of the included studies with few
exceptions as shown in the Figures 4,5.

A subgroup analysis based on study design (RCT vs
OCS) and follow up duration (<6 vs >6months) closely
mirrored the findings of pooled analysis with a few excep-
tions. Contrary to OCS and overall results, there was no sig-
nificant difference in the rate of major (OR 0.69, 95% CI
0.30 to 1.55, p = 0.53) and minor vascular complications
(OR 0.63, 95% CI 0.20 to 2.00, p = 0.90). The odds of
VARC-2 major bleeding were identical between the 2
groups across OCS (OR 0.52, 95% CI 0.22 to 1.26,
p = 0.05) while it was lower in the aspirin-alone arm in
RCTs and pooled analysis. The rate of VARC minor and
major bleeding and cardiovascular and all-cause mortality
was significantly lower in the aspirin-alone arm at <6
months, while it was identical at 6 or greater than 6 months
follow-up duration. (S. Figure 7-39)

On visual assessment, our funnel plot was symmetrical
with an equal amount of studies on each side of the vertical
axis. There was no publication bias demonstrated. The lim-
ited scatter on the graph was due to sampling variation.
Egger’s equation for the measure of publication bias was
nonsignificant (2-tailed p = 0.75). (Figure 6)



Figure 3. Forest plot showing the odds of major bleeding events between the 2 groups.
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Discussion

Our meta-analysis is the largest and most contemporary
evidence available on the safety and efficacy of aspirin-
alone compared with DAPT in patients with severe AS who
underwent TAVI and no other indication for anticoagulation
therapy. Our findings revealed that aspirin-only significantly
reduced the odds of all types of bleeding events, minor and
major vascular complications by 61%, 49%, and 59%,
respectively. Similarly, the VARC minor, major and VARC
life threatening were lowered by 55%, 50% and 48% in the
corresponding aspirin group compared with DAPT. The
resultant transfusion requirements were substantially
decreased by 61% in the former group. The major efficacy
end point, valvular thrombosis was identical between the

www.ajconline.org


Figure 4. Forest plot showing the odds of stroke events between the 2 groups.
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two groups. The after-TAVI in-hospital rate of MI, cardio-
vascular and all-cause mortality were numerically lower by
21%, 19%, and 14% in the aspirin monotherapy group.

Of the included studies, Ussia et al. were the first to com-
pare the utility of aspirin against DAPT. They found no dif-
ferences in the composite end point between participants
treated with aspirin and those treated with 3 months of
DAPT followed by aspirin alone at 30 days and 6 months.4

This trial was limited by its small sample size. Poliacikova
et al. revealed that aspirin-alone is superior to DAPT due to
a lower incidence of composite end point, including all-
cause mortality, stroke, major bleeding, and coronary
events.5 This benefit was primarily driven by a lower risk of
major bleeding with no difference in the 30-day rate of car-
diovascular and thromboembolic events. This study was
notable for being nonrandomized, where the allocation of
treatment was based on hospital policy regarding antiplatelet
treatment following TAVI. The impact of cross over
between experimental and control regimens during the study
period could not be accounted for, introducing a potential
risk of detection bias.

Although smaller by design, these observational studies
by Durand et al. and Czerwi�nska-Jelonkiewicz et al vali-
dated the findings of these studies, demonstrating lower risk
of major and life-threatening bleeding with aspirin-alone.
The authors of the former study compensated the risk of



Figure 5. Forest plot showing the odds of mortality and MI events between the 2 groups.

Figure 6. Funnel plot showing minimal publication Bias.
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selection bias by calculating propensity scores using a
matched group of participants to support their findings. The
later study used the POL-TAVI registry, showing that
patients on aspirin-monotherapy had lower vascular com-
plication along with lower major bleeding events.6,7 Using
the TAVI database (Milan, Italy) Mangieri et al demon-
strated an increased risk of life threatening bleeding in the
aspirin group, with no difference in all cause mortality,
cerebrovascular events, valve thrombosis between the 2
groups.8 Later, the SAT-TAVI trial also favored aspirin
monotherapy due to lower vascular complications.9 Unfor-
tunately, despite being a double-blinded controlled trial the
study was not powered for individual clinical outcomes.

Contrary to the previous cited studies, D’Ascenzo et al,
Ichibori et al. and the ARTE trial demonstrated a significant
reduction in mortality and/or ischemic events with aspirin

www.ajconline.org


T
ab
le
1

S
el
ec
te
d
b
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
o
f
ra
n
d
o
m
iz
ed

tr
ia
ls
[1
5
]

A
u
th
o
r/
Y
ea
r

A
S
A
/D
A
P
T

M
ea
n
A
g
e

(Y
ea
rs
)

W
o
m
en

(%
)

H
T
N
(%

)
D
M

(%
)

L
o
g
is
ti
c

E
u
ro

S
co
re

P
re
v
io
u
s
P
C
I
(%

)
N
Y
H
A
II
I/
IV

(%
)

P
re
v
io
u
s
C
A
B
G
(%

)

B
ro
u
w
er

an
d
N
ij
en
h
u
is

et
al
4

3
3
1
/3
3
4

8
0
.4
/7
9
.5

1
6
4
(4
9
.5
%
)/
1
6
0
(4
7
%
)
2
4
3
(7
3
.4
%
)/
2
5
5
(7
6
.3
%
)
7
8
(2
3
.6
%
)/
8
5
(2
5
.4
%
)

-
-

2
1
2
(6
4
%
)/
2
2
0
(6
5
.9
%
)

6
1
(1
8
.4
%
)/
6
5
(1
9
.5
%
)

U
ss
ia
et
al
5

3
9
/4
0

8
1
/8
0

2
3
(5
8
.9
%
)/
2
0
(5
0
%
)

3
1
(7
9
.5
%
)/
3
5
(8
7
.5
%
)

8
(2
0
.5
%
)/
1
3
(3
2
.5
%
)

2
1
/2
3

9
(2
3
.1
%
)/
1
2
(3
0
%
)

2
3
(5
9
%
)/
2
6
(6
5
%
)

4
(1
0
.3
%
)/
2
(5
%
)

S
ta
b
il
e
et
al
1
0

6
0
/6
0

8
1
.1
/8
0
.2

3
6
(6
0
%
)/
4
4
(7
3
.3
%
)

5
7
(9
5
%
)/
5
7
(9
5
%
)

1
7
(2
8
.3
%
)/
1
5
(2
5
%
)

2
5
.1
/2
3
.4

-
5
3
(8
8
.3
%
)/
5
4
(9
0
%
)

-

P
o
li
ac
ik
o
v
a
et
al
6

9
1
/5
8

8
2
/8
1
.6

4
2
(4
6
.1
%
)/
2
6
(4
4
%
)

-
1
6
(1
7
.6
%
)/
1
6
(2
7
.6
%
)

-
2
0
(2
2
%
)/
1
6
(2
7
.6
%
)

-
1
9
(2
0
.9
%
)/
1
7
(2
9
.3
%
)

R
o
d
� es
-C
ab
au

et
al
1
4

1
1
1
/1
1
1

7
9
/7
9

5
2
(4
6
.8
%
)/
4
1
(3
6
%
)

8
7
(7
8
.4
%
)/
8
6
(7
7
.5
%
)

3
6
(3
2
.4
%
)/
4
1
(3
6
.9
%
)

-
-

-
4
2
(3
7
.8
%
)/
3
9
(3
5
.1
%
)

D
u
ra
n
d
et
al
7

1
6
4
/1
2
8

8
2
.7
/8
4

7
4
(4
5
.1
%
)/
7
8
(6
5
%
)

1
1
6
(7
0
.7
%
/9
0
(7
0
.3
%
)

4
0
(2
4
.4
%
)/
3
0
(2
3
.4
%
)

2
0
/2
0
.2

-
1
3
1
(7
9
.9
%
)/
9
9
(7
7
.3
%
)
3
0
(1
8
.3
%
)/
1
0
(7
.8
%
)

M
an
g
ie
ri
et
al
9

1
0
8
/3
3
1

8
4
.3
/8
2
.9

6
2
(5
7
.4
%
)/
2
1
4
(6
4
%
)

9
1
(8
4
.3
%
)/
2
6
0
(7
8
.5
%
)

1
9
(1
7
.6
%
)/
8
9
(2
6
.9
%
)

2
1
.3
/1
9
.4

2
6
(2
4
.1
%
)/
7
4
(2
2
.4
%
)
5
3
(4
9
.1
%
)/
1
8
1
(5
4
.7
%
)
2
0
(1
8
.5
%
)/
7
0
(2
1
.1
%
)

D
’A

sc
en
zo

et
al
1
1

6
0
5
/6
0
5

8
1
/8
1

3
4
9
(5
7
.6
%
)/
3
3
6
(5
5
%
)

4
9
5
(8
1
.8
%
)/
4
6
7
(7
7
.%

)
1
5
4
(2
5
.5
%
)/
1
5
9
(2
6
.3
%
)
1
9
/2
1

-
-

-

H
io
k
i
et
al
1
3

5
4
6
/4
6
2

8
5
/8
4

3
9
5
(7
2
.3
%
)/
3
1
5
(6
8
%
)

4
2
5
(7
7
.8
%
)/
3
7
4
(8
1
%
)

1
2
0
(2
2
%
)/
1
0
0
(2
1
.7
%
)

-
8
8
(1
6
.1
%
)/
9
8
(2
1
.2
%
)
-

3
3
(6
%
)/
3
5
(7
.5
%
)

Ic
h
ib
o
ri
et
al
1
2

7
8
/6
6

8
3
/8
4

5
0
(6
4
.1
%
)/
4
2
(6
3
%
)

-
2
4
(3
0
.8
%
)/
2
2
(3
3
.3
%
)

2
4
.2
/2
5
.5

1
1
(1
4
.1
%
)/
2
5
(3
7
.9
%
)
3
7
(4
7
.4
%
)/
4
4
(6
6
.7
%
)

1
0
(1
2
.8
%
)/
1
0
(1
5
.2
%
)

A
ll
d
at
a
is
p
re
se
n
te
d
in

th
e
fo
rm

at
o
f
A
S
A
/D
A
P
T
fo
rm

at
.
A
S
A
=
A
sp
ir
in

m
o
n
o
th
er
ap
y
,
D
A
P
T
=
D
u
al
A
n
ti
p
la
te
le
t
T
h
er
ap
y
i.
e.
A
sp
ir
in

p
lu
s
C
lo
p
id
o
g
re
l
(%

)
=
P
er
ce
n
ta
g
es
,
H
T
N
=
H
y
p
er
te
n
si
o
n
,
D
M
=
D
ia
b
et
es

M
el
li
tu
s,
E
u
ro

S
co
re
:
E
u
ro
p
ea
n
S
y
st
em

fo
r
C
ar
d
ia
c
O
p
er
at
iv
e
R
is
k
E
v
al
u
at
io
n
.

Valvular Heart Disease / Single vs Dual Antiplatelet Therapy: Post TAVI 117
only therapy.10,11 However, the findings should be inter-
preted with similar caveates, due to small sample size and
being underpowered to assess the hard clinical outcomes.
Recently, the OCEAN-TAVI investigators revealed that
switching from DAPT to single APT was associated with
lower cardiovascular mortality at >1-year of TAVI proce-
dure.14 The findings of this study were subject to selection
and recall bias due to the retrospective nature of the study.
POPular TAVI, the most recent clinical trial on the subject,
hurdled these limitations by randomizing 326 patients with
exclusion criteria of any patient who received DES within 3
months or BMS within a month of enrollment, to further
eliminate any possible confounders.4 The primary end point
(all bleeding events) was significantly lower in the mono-
therapy group at 1-year. Both secondary composite end
points were also significantly lower in the aspirin alone
arm. Aspirin was superior due to a significantly lower inci-
dence of first composite that included nonprocedural bleed,
all-cause stroke, MI and cardiovascular mortality. Aspirin
monotherapy was non-inferior, but not superior when the
bleeding events were excluded from the secondary compos-
ite end point. The major limitations of this trial were being
an open label trial and underpowered to assess the individ-
ual components of composite outcomes. Also, the POPular
TAVI designated procedural bleeding as BARC type 4
events and the possibility of subclinical valve thrombosis
could not be excluded as the trial was not designed to per-
form computed tomographic (CT) imaging.4

On review, we found 12 prior meta-analyses, reporting
conflicting findings on the merits of aspirin-alone compared
with DAPT. However, in light of recent evidence, the appli-
cability of their results is limited. All of these meta-analyses
were published before the completion of POPULAR-TAVI
and were subject to major methodological limitations. The
follow-up duration was short, methodological quality
assessment was mostly neglected and some of the observa-
tional data was missing. Some studies inappropriately used
a fixed effect model on a heterogeneous set of data, overes-
timating the pooled effect size. Together, these limitations
question the widespread applicability of their results. The
detailed description of previous meta-analyses are pre-
sented in Supplementary Table 1. The present study repre-
sents the most comprehensive meta-analysis seeking to
address the limitations of individual studies and previous
meta-analyses on after-TAVI patients.

Our study is constrained by the limitations of the
included studies. Patient-level data were missing to deter-
mine the impact of procedure technique on TAVI related
outcomes. We could not account for the impact of unmea-
sured confounding factors (operator’s skill and compliance
to medications) on overall outcomes. Due to scarce data,
we could not perform a stratified subgroup analysis based
on follow up duration, baseline bleeding tendency of the
included population, study design and varying inclusion cri-
terias of the included studies. Large scale randomized con-
trolled trials are needed to validate our findings.

After-TAVI patients on aspirin-only therapy have a
lower rate of major and minor bleeding events compared
with patients receiving both aspirin and clopidogrel. The
rate of stroke, mortality and valve thrombosis remained
similar between the two groups. Table 1
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