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Abstract

Background: Transcatheter aortic valve replacement (TAVR) is regarded as the most

superior alternative treatment approach for patients with aortic stenosis (AS) who

are associated with high surgical risk, whereas the effectiveness of TAVR vs surgical

aortic valve replacement (SAVR) in low to intermediate surgical risk patients

remained inconclusive. This study aimed to determine the best treatment strategies

for AS with low to intermediate surgical risk based on published randomized con-

trolled trials (RCTs).

Hypothesis and Methods: RCTs that compared TAVR vs SAVR in AS patients with

low to intermediate surgical risk were identified by PubMed, EmBase, and the

Cochrane library from inception till April 2019. The pooled relative risks (RRs) with

95% confidence intervals (CIs) were calculated for the data collected using random-

effects models.

Results: Seven RCTs with a total of 6929 AS patients were enrolled. We noted that

TAVR significantly increased the risk of transient ischemic attack (TIA) (RR: 1.43; 95%

CI: 1.04-1.96; P = .029), and permanent pacemaker implantation (RR: 3.00; 95%CI:

1.70-5.30; P < .001). However, TAVR was associated with lower risk of post-

procedural bleeding (RR: 0.57; 95%CI: 0.33-0.98; P = .042), new-onset or worsening

of atrial fibrillation (RR: 0.32; 95%CI: 0.23-0.45; P < .001), acute kidney injury (RR:

0.40; 95%CI: 0.25-0.63; P < .001), and cardiogenic shock (RR: 0.34; 95%CI:

0.19-0.59; P < .001). The risk of aortic-valve reintervention at 1- (RR: 2.63; 95%CI:

1.34-5.15; P = .005), and 2 years (RR: 3.19; 95%CI: 1.63-6.24; P = .001) in low to

intermediate surgical risk patients who received TAVR was significantly increased

than those who received SAVR.

Conclusions: These findings indicated that low to intermediate surgical risk patients

who received TAVR had low risk of complications, whereas the risk of TIA, perma-

nent pacemaker implantation, and aortic-valve reintervention was increased.
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1 | INTRODUCTION

Aortic stenosis (AS) is the most frequent heart valve disease seen in

elderly population, in which nearly 1/8 individuals aged 75 years or over

suffer from moderate to severe AS.1,2 The prevalence of AS in North

America and Europe is 12.4%, and this implied that there are more than

291 000 candidates undergoing aortic valve replacement.3 The outflow

of blood from the heart of AS patients is shown to be impaired, which

subsequently increases cardiac workload and causes heart failure and left

ventricular hypertrophy. According to a previous study, nearly 25% of

mortality rates were observed annually in patients with symptomatic AS

comorbidities such as angina, syncope or heart failure.4 So, effective

treatment strategies are necessary for AS patients.

Surgical aortic valve replacement (SAVR) along with artificial pros-

thesis is regarded as a conventional treatment strategy due to its effec-

tive choice of intervention in operable cases with severe AS. However,

very elderly patients, and patients with calcified aorta or scarring after

undergoing cardiac surgery are not intolerant to SAVR. Therefore, trans-

catheter aortic valve replacement (TAVR) is used for inoperable or high

surgical risk AS patients due to its less invasive nature.5,6 Technological

advances in valve replacement procedure produced easy repositioning

and removal, and its minimally invasive nature permitted conduction of

TAVR under local anesthesia, and is also associated with shorter hospital

stay, low risk of bleeding and less post-interventional complications.7,8

Previous meta-analyses have demonstrated that TAVR had comparable

or better early and midterm outcomes in AS patients with high surgical

risk.9-13 However, whether these results are suitable for low to interme-

diate surgical risk AS patients remains inconclusive.

Several RCTs on the research topic have been conducted, but

inconsistent results were obtained from these. Clarifying optimal

treatment strategy for AS patients with low to intermediate surgical

risk is currently important hot spot. Therefore, a comprehensive

examination of published RCTs that compared the efficacy and safety

of TAVR with SAVR in low to intermediate surgical risk AS patients at

various follow-up periods was conducted.

2 | METHODS

2.1 | Data sources, search strategy, and selection
criteria

The current study was performed according to the guidelines of pre-

ferred reporting items for systematic reviews and meta-analysis state-

ment.14 The PubMed, EmBase, and the Cochrane library were

systematically searched for articles published till April 2019. The fol-

lowing search terms were used as medical subject headings and free-

language terms: “Transcatheter aortic valve replacement” OR “TAVR”

OR “TAVI”AND “Surgical aortic valve replacement” AND “SAVR” AND

“SAVI”AND “low to moderate surgical risk” AND “severe aortic steno-

sis”. Furthermore, trials that have been completed but not published

in clinicaltrials.gov website were also searched. If essential informa-

tion was unavailable from eligible publications, then corresponding

authors were contacted.

The studies were searched and selected independently by two

authors following a standardized flow. Disagreements between them

were resolved by contacting an additional author through reviewing

of the original article. The study selection process was based on

PICOS criteria. The inclusion criteria were as follows: (1) patients:

patients diagnosed with AS with low to intermediate surgical risk;

(2) intervention: TAVR; (3) control: SAVR; (4) outcomes: the study

should report at least 1 of the following outcomes: all-cause mortality,

cardiac death, stroke, transient ischemic attack (TIA), post-procedural

bleeding (PPB), permanent pacemaker implantation (PPI), new-onset

or worsening atrial fibrillation (NOWAF), acute kidney injury (AKI),

major vascular complications, myocardial infarction (MI), valvular

endocarditis, aortic-valve reintervention, coronary obstruction, and

cardiogenic shock; and (5) study design: studies with RCT design.

Observational studies were excluded due to the possibility of con-

founding variables or bias in the pooled results.

2.2 | Data collection and quality assessment

The data and quality of the included trials were collected indepen-

dently by two authors following a standardized protocol, and any

inconsistencies between them were settled by group discussion till a

consensus was reached. The collected information was as follows:

first author or study group's name, publication year, country, sample

size, age, sex, society thoracic surgeons (STS) risk, logistic Euro SCORE

I (LES), diabetes mellitus (DM), prior stroke, peripheral vascular disease

(PVD), prior percutaneous coronary intervention (PCI), prior MI,

chronic obstructive pulmonary disease (COPD), New York heart asso-

ciation (NYHA) III or IV, valve type, and reported outcomes. The qual-

ity of the included studies was assessed by Jadad scale based on

random sequence generation, allocation concealment, blinding,

intention-to-treat analysis, and completeness of follow-up, and a scor-

ing system of 0 to 5 was used for assessing the study quality.15

2.3 | Statistical analysis

The investigated outcomes from each RCT were assigned as dichoto-

mous data, and the relative risks (RRs) and 95% confidence intervals
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(CIs) were calculated by using the event number extracted from

each trial before data pooling. After this, the summary RRs and

95%CIs for investigated outcomes were calculated using random-

effects model as the true effect that underlies varies among the

included trials.16,17 Heterogeneity was assessed by using I-square

and Q statistics across the included trials, and P < .10 was consid-

ered as statistically significant heterogeneity.18,19 Sensitivity ana-

lyses were conducted for studies that reported outcomes ≥5 to

assess the impact of single study from overall analyses.20 More-

over, subgroup analyses were conducted for studies that reported

outcomes ≥5 based on sample size, mean age, STS score, percent-

age of DM, prior stroke, prior PVD, prior MI, prior COPD, percent-

age of NYHA III-IV, valve type, follow-up duration, and study

quality. After this, P values between subgroups were calculated

using interaction tests, which were based on Student's

t distribution.21 Publication biases for studies that reported out-

comes ≥5 were assessed by funnel plots, Egger,22 and Begg tests.23

The P values for pooled results are two-sided, and P < .05 was reg-

arded as statistically significant. All statistical analyses in this study

were conducted using STATA software version 10.0 (Stata Corp.,

Texas).

3 | RESULTS

3.1 | Literature search

In total, 1744 articles were retrieved from the initial search. Of these,

1687 were excluded after reviewing the titles and abstracts due to

duplications or irrelevant topics. Further detailed evaluation was per-

formed for the remaining 57 studies, and finally nine studies that

reported seven cohorts were selected for this meta-analysis.24-30 No

additional eligible study was retrieved by manual searching of the ref-

erences of relevant studies. The details of study selection process was

shown as flowchart and listed in Figure 1.

3.2 | Study characteristics

The general characteristics of included studies and patients were sum-

marized in Table 1, and these studies were published from 2012 to

2019. A total of 6929 AS patients with low to intermediate surgical

risk from seven cohorts were included, and patients ranged from

70 to 2032 in each individual study. The mean age of these patients

F IGURE 1 Flow diagram of literature
search and trials selection process

1416 ZHANG ET AL.



T
A
B
L
E
1

B
as
el
in
e
ch

ar
ac
te
ri
st
ic
s
o
f
st
ud

ie
s
in
cl
ud

ed
in

th
e
sy
st
em

at
ic
re
vi
ew

an
d
m
et
a-
an

al
ys
is

St
ud

y
C
o
un

tr
y

Sa
m
pl
e

si
ze

A
ge

(y
ea

rs
)

M
al
e

ST
S

LE
S

D
M

P
ri
o
r

st
ro
ke

P
V
D

P
ri
o
r
P
C
I

P
ri
o
r
M
I

C
O
P
D

N
Y
H
A

II
I-
IV

V
al
ve

ty
p
e

JA
D
A
D

sc
o
re

N
ie
ls
en

(S
T
A
C
C
A
T
O

2
0
1
2
)2
5

N
o
rd
ic
re
gi
o
n

7
0

8
1
.0

2
1
(3
0
.0
%
)

3
.3

9
.9

4
(5
.7
%
)

2
(2
.9
%
)

5
(7
.1
%
)

N
A

N
A

2
(2
.9
%
)

N
A

B
al
lo
o
n-

ex
pa

nd
in
g

3

T
hy

re
go

d
(N

O
T
IO

N
2
0
1
5
)2
6
,2
7

D
en

m
ar
k
an

d
Sw

ed
en

2
8
0

7
9
.1

1
4
9
(5
3
.2
%
)

3
.0

8
.6

5
4
(1
9
.3
%
)

4
6
(1
6
.4
%
)

1
5
(5
.4
%
)

2
3
(8
.2
%
)

1
4
(5
.0
%
)

3
3
(1
1
.8
%
)

4
7
.1
%

Se
lf
-e
xp

an
di
ng

3

R
ea

rd
o
n
(C
o
re
V
al
ve

U
S
2
0
1
6
)2
8

U
ni
te
d
St
at
es

3
8
3

8
1
.4

2
1
8
(5
6
.9
%
)

5
.3

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

Se
lf
-e
xp

an
di
ng

3

Le
o
n
(P
A
R
T
N
E
R

2
2
0
1
6
)2
9

U
ni
te
d
St
at
es

an
d

C
an

ad
a

2
0
3
2

8
1
.6

1
1
0
8

(5
4
.5
%
)

5
.8

N
A

7
3
0 (3
5
.9
%
)

6
4
2 (3
1
.6
%
)

6
1
8 (3
0
.4
%
)

5
5
6 (2
7
.4
%
)

3
6
4 (1
5
.6
%
)

6
2
7 (3
0
.9
%
)

7
6
.7
%

B
al
lo
o
n-

ex
pa

nd
in
g

4

R
ea

rd
o
n
(S
U
R
T
A
V
I

2
0
1
7
)3
0
,3
1

U
ni
te
d
St
at
es
,T

he
N
et
he

rl
an

ds
,

G
er
m
an

y,
U
K
,

Sp
ai
n,

Sw
it
ze
rl
an

d,
Sw

ed
en

,C
an

ad
a,

D
en

m
ar
k

1
7
4
6

7
9
.9

9
9
2
(5
6
.8
%
)

4
.4

1
1
.8

5
9
2 (3
3
.9
%
)

1
2
4
(7
.1
%
)

5
3
3 (3
0
.5
%
)

3
6
9 (2
1
.1
%
)

2
4
1 (1
3
.8
%
)

N
A

5
8
.9
%

Se
lf
-e
xp

an
di
ng

4

P
o
pm

a
(E
vo

lu
t
Lo

w
R
is
k
T
ri
al
2
0
1
9
)3
2

A
us
tr
al
ia
,C

an
ad

a,
F
ra
nc

e,
Ja
pa

n,
th
e
N
et
he

rl
an

ds
,

N
ew

Z
ea

la
nd

,
an

d
th
e
U
ni
te
d

St
at
es

1
4
6
8

7
3
.9

9
5
6
(6
5
.1
%
)

1
.9

N
A

4
5
2 (3
0
.8
%
)

1
5
8 (1
0
.8
%
)

1
1
7
(8
.0
%
)

1
9
5 (1
3
.3
%
)

8
8
(6
.0
%
)

2
2
7 (1
5
.5
%
)

2
6
.3
%

Se
lf
-e
xp

an
di
ng

4

M
ac
k
(P
A
R
T
N
E
R

3
2
0
1
9
)3
3

U
ni
te
d
St
at
es
,

G
er
m
an

y,
C
an

ad
a,
an

d
U
K

9
5
0

7
3
.4

6
5
8
(6
9
.3
%
)

1
.9

N
A

2
9
2 (3
0
.7
%
)

4
0
(4
.2
%
)

6
7
(7
.1
%
)

N
A

5
4
(5
.7
%
)

5
3
(5
.6
%
)

2
7
.7
%

B
al
lo
o
n-

ex
pa

nd
in
g

4

A
bb

re
vi
at
io
ns
:
D
M
,d

ia
be

te
s
m
el
lit
us
;
LE

S,
lo
gi
st
ic

E
ur
o
SC

O
R
E
I;
M
I,
m
yo

ca
rd
ia
li
nf
ar
ct
io
n;

N
Y
H
A
,N

ew
Y
o
rk

he
ar
t
as
so
ci
at
io
n;

P
C
I,
pe

rc
ut
an

eo
us

co
ro
n
ar
y
in
te
rv
en

ti
o
n
;
P
V
D
,p

er
ip
h
er
al

va
sc
u
la
r
d
is
ea

se
;
ST

S,

so
ci
et
y
th
o
ra
ci
c
su
rg
eo

ns
ri
sk
.

ZHANG ET AL. 1417



ranged from 73.4 to 81.6 years, and the percentage of males ranged

from 30.0% to 69.3%. Moreover, the STS score of enrolled patients

ranged from 1.9 to 5.8. Three cohorts reported patients who received

balloon-expanding TAVR, and the remaining four cohorts included

patients who received self-expanding TAVR. Study quality was

assessed by JADAD scale, in which four cohorts have scored four, and

the remaining three cohorts have scored three.

3.3 | All-cause mortality and cardiac death

Data regarding the effect of TAVR vs SAVR on the risk of all-cause

mortality and cardiac death were available in six and five cohorts,

respectively. There were no significant differences between TAVR

and SAVR on the risk of all-cause mortality (RR: 0.96; 95%CI:

0.83-1.12; P = .629; with no evidence of heterogeneity; Figure 2) and

cardiac death (RR: 0.91; 95%CI: 0.75-1.10; P = .347; with unimportant

heterogeneity; Figure 3). Sensitivity analyses indicated that the risk of

all-cause mortality and cardiac death between TAVR and SAVR

remained stable (Supplemental Figures 13 and 15). No significant dif-

ferences for all-cause mortality and cardiac death were detected by

subgroup analyses (Supplemental Tables 1 and 2). No significant publi-

cation bias for all-cause mortality and cardiac death was detected

(Supplemental Figures 14 and 16).

3.4 | Stroke and TIA

Data regarding the effect of TAVR vs SAVR on the risk of stroke and

TIA were available in seven and five cohorts, respectively. The results

showed that TAVR was not associated with the risk of stroke (RR:

0.85; 95%CI: 0.67-1.09; unimportant heterogeneity; Supplemental

Figure 1), whereas the risk of TIA was significantly increased in

patients who received TAVR (RR: 1.43; 95%CI: 1.04-1.96; P = .029;

with no evidence of heterogeneity; Supplemental Figure 2). Sensitivity

analysis indicated that TAVR might protect against the risk of stroke if

PARTNER 2 cohort was excluded,26 as it included high prevalence of

stroke history (31.6%) and caused high risk of recurrent stroke (Sup-

plemental Figure 17). The risk of TIA was unstable due to marginal

95%CI when sensitivity analysis was conducted (Supplemental

Figure 19). Subgroup analysis indicated no significant risk on stroke in

all the subsets, whereas increased risk of TIA was mainly observed in

mean age of patients ≥80.0 years, STS score ≥ 3.5, prior PVD ≥10.0%,

prior MI ≥10.0%, percentage of NYHA III-IV ≥50.0%, patients who

received balloon-expanding TAVR, and followed up for 2 years (Sup-

plemental Tables 3 and 4). No evidence of publication bias for stroke

and TIA was detected (Supplemental Figures 18 and 20).

3.5 | PPB and PPI

Data regarding the effect of TAVR vs SAVR on the risk of PPB and

PPI were available in six and six cohorts, respectively. The results of

TAVR showed association with reduced risk of PPB (RR: 0.57; 95%CI:

0.33-0.98; P = .042; Supplemental Figure 3), while the incidence of

PPI showed significant increase (RR: 3.00; 95%CI: 1.70-5.30; P < .001;

Supplemental Figure 4). Sensitivity analyses indicated that the risk of

PPB between TAVR and SAVR varied, while for the risk of PPI was

stable (Supplemental Figures 21 and 23). Subgroup analyses indicated

that the reduced risk of PPB was mainly detected when pooling the

F IGURE 2 TAVR versus SAVR on the risk of all-cause mortality. SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve
replacement
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studies with sample size <1000, mean age of patients ≥80.0 years,

STS score < 3.5, percentage of DM < 30.0% or not reported, prior

stroke ≥10.0% or not reported, prior PVD <10.0% or not reported,

prior MI < 10.0% or not reported, prior COPD ≥10.0%, percentage of

NYHA III-IV < 50.0% or not reported, patients who received balloon-

expanding TAVR, followed up for 1 and 2 years, and studies with low

quality (Supplemental Table 5). Moreover, no significant effect on PPI

was observed if the mean age of patients ≥80.0 years, prior PVD

≥10.0%, prior MI ≥10.0%, prior COPD <10.0%, percentage of NYHA

III-IV ≥50.0%, and patients who received balloon-expanding TAVR

(Supplemental Table 6). No significant publication bias for PPB and

PPI was observed (Supplemental Figures 22 and 24).

3.6 | NOWAF and AKI

Data regarding the effect of TAVR vs SAVR on the risk of NOWAF

and AKI were available in 6 and 6 cohorts, respectively. The results

revealed that TAVR significantly reduced the risk of NOWAF (RR:

0.32; 95%CI: 0.23-0.45; P < .001; significant heterogeneity; Supple-

mental Figure 5) and AKI (RR: 0.40; 95%CI: 0.25-0.63; P < .001; mod-

erate heterogeneity; Supplemental Figure 6). Sensitivity analyses

indicated pooled conclusion of NOWAF and AKI was robust and

unaltered by excluding any particular study (Supplemental Figures 25

and 27). The risk of NOWAF was significantly reduced in all subsets,

whereas no significant difference on the risk of AKI when the sample

size <1000, mean age of patients ≥80.0 years, STS score < 3.5, per-

centage of DM < 30.0%, prior stroke <10.0%, prior PVD < 10.0%,

studies that did not report prior MI, prior COPD <10.0%, studies that

did not report percentage of NYHA III-IV, followed up till 1 year, and

studies with low quality (Supplemental Tables 7 and 8). Finally, no

evidence of publication bias for NOWAF and AKI was observed

(Supplemental Figures 26 and 28).

3.7 | Major vascular complications

Data regarding the effect of TAVR vs SAVR on the risk of major

vascular complications were available in five cohorts. Overall,

there was no significant difference between TAVR and SAVR on

the risk of major vascular complications (RR: 1.41; 95%CI:

0.96-2.06; P = .080; Supplemental Figure 7), and observed signifi-

cant heterogeneity across the included studies. Sensitivity analy-

sis indicated that TAVR might increase the risk of major vascular

complications after excluding SURTAVI study (Supplemental

Figure 29).30,31 Subgroup analyses indicated that TAVR was asso-

ciated with greater risk of major vascular complications if sample

size <1000, studies with no percentage of DM, studies that

reported no prior stroke, studies that did not report prior PVD,

studies that did not report prior MI, studies that did not report the

percentage of NYHA III-IV, followed up for 30 days, and studies

with low quality (Supplemental Table 9). Significant publication

bias was inevident (P value for Egger: 0.118; P value for Begg:

0.462; Supplemental Figure 30).

3.8 | Myocardial infarction

The number of cohorts available for MI follow-up at 30 days, 1 year,

and 2 years were four, four, and three cohorts, respectively. The

results revealed that TAVR showed no association with the risk of MI

when compared to SAVR follow-up at 30 days (RR: 0.67; 95%CI:

F IGURE 3 TAVR versus SAVR on the risk of cardiac death. SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve
replacement
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0.43-1.06; P = .089; without evidence of heterogeneity), 1 year (RR:

0.91; 95%CI: 0.64-1.30; P = .616; without evidence of heterogeneity),

and 2 years (RR: 0.98; 95%CI: 0.70-1.39; P = .926; without evidence

of heterogeneity) (Supplemental Figure 8).

3.9 | Valvular endocarditis

The breakdown regarding the number of cohorts available for valvular

endocarditis follow-up at 30 days, 1 year, and 2 years were two,

three, and one cohorts, respectively. No significant differences

between TAVR and SAVR with regard to the risk of valvular endocar-

ditis follow-up were observed at 30 days (RR: 1.55; 95%CI:

0.19-12.60; P = .679; without evidence of heterogeneity), 1 year (RR:

1.11; 95%CI: 0.48-2.58; P = .811; without evidence of heterogeneity),

and 2 years (RR: 1.85; 95%CI: 0.69-4.99; P = .223) (Supplemental

Figure 9).

3.10 | Aortic-valve reintervention

The breakdown regarding the number of cohorts available for

aortic-valve reintervention follow-up at 30 days, 1 year, and

2 years were three, three, and two cohorts, respectively. The

results revealed that TAVR showed no association with the risk of

aortic-valve reintervention follow-up for 30 days (RR: 2.43; 95%CI:

0.78-7.60; P = .126; with unimportant heterogeneity), whereas

TAVR significantly increased the risk of aortic-valve reintervention

follow-up at 1 year (RR: 2.63; 95%CI: 1.34-5.15; P = .005; without

evidence of heterogeneity), and 2 years (RR: 3.19; 95%CI:

1.63-6.24; P = .001; without evidence of heterogeneity) (Supple-

mental Figure 10).

3.11 | Coronary obstruction

The number of cohorts available for coronary obstruction follow-

up at 30 days, 1 year, and 2 years were three, two, and one

cohorts, respectively. TAVR and SAVR on the risk of coronary

obstruction follow-up at 30 days (RR: 1.40; 95%CI: 0.51-3.85;

P = .517; with unimportant heterogeneity), 1 year (RR: 1.22; 95%

CI: 0.36-4.14; P = .745; with moderate heterogeneity), and 2 years

(RR: 0.67; 95%CI: 0.19-2.38; P = .539) showed no significant dif-

ferences (Supplemental Figure 11).

3.12 | Cardiogenic shock

Data on the effect of TAVR on the risk of cardiogenic shock at 30 days

follow-up were available in two studies. The results showed that patients

who received TAVR had a reduced risk of cardiogenic shock than those

who received SAVR (RR: 0.34; 95%CI: 0.19-0.59; P < .001; without evi-

dence of heterogeneity; Supplemental Figure 12).

4 | DISCUSSION

The current study included seven RCTs and used meta-analysis to

provide solid supporting evidence. The summary results of this study

indicated that TAVR demonstrated beneficial effects of PPB, NOWAF,

AKI, and cardiogenic shock, whereas TAVR produced excess risk of

TIA, PPI, and aortic-valve reintervention when compared with SAVR.

Finally, TAVR and SAVR showed no significant differences on the risk

of all-cause mortality, cardiac death, stroke, major vascular complica-

tions, MI, valvular endocarditis, and coronary obstruction.

Numerous systematic reviews and meta-analyses were conducted

on this topic; however, there are several inherent limitations in these

studies31-38(Supplemental Table 10). Two studies showed association

of TAVR with reduced risk of mortality,31,32 while the remaining six

studies showed no significant difference between TAVR and SAVR on

the risk of mortality.33-38 The risk of cardiac death between TAVR and

SAVR showed no significant association.32,38 Three studies found

association of TAVR with reduced risk of stroke,31,35,38 while one

study showed increased risk of stroke in patients with TAVR.33 Simi-

larly, this study reported inconsistent results on the risk of PPB. Fur-

thermore, the risk of PPI, AKI, and major vascular complications

between TAVR and SAVR across prior meta-analyses was consistent.

However, the results of previous studies contained both RCTs as well

as observational studies, inducing uncontrolled confounders and caus-

ing over estimation of pooled results. Moreover, the results of these

studies were stratified based on study design and follow-up duration,

and whether the effects of treatment differed according to the char-

acteristics of patients were not illustrated. Moreover, a meta-analysis

conducted by Ando et al reported the association of TAVR with

reduced risk of all-cause mortality or disabling/major stroke at 1 year

as compared with SAVR in patients with low to intermediate surgical

risk.39 However, the study did not report other endpoints, which

requires evaluation through pooling of all published RCTs. Therefore,

the current study was conducted based on published RCTs to deter-

mine the effect of TAVR vs SAVR in AS patients with low to interme-

diate surgical risk.

The summary results of this study reported that TAVR vs SAVR

revealed no association with the risk of all-cause mortality and cardiac

death. These results were stable and showed no significant differ-

ences through sensitivity and subgroup analyses. This suggested that

an additional TAVR specific risk model should be constructed for bet-

ter stratification.40 Furthermore, the summary results indicated that

the risk of stroke, major vascular complications, and MI between

TAVR and SAVR showed no significant association, while the risk of

TIA in TAVR group was significantly increased. However, the risk of

stroke might be biased by the PARTNER 2 cohort,26 as this study spe-

cifically included patients with high STS score, and high prevalence of

prior stroke. Moreover, the risk of TIA was consistent with PARTNER

two cohort,26 which was 3.7% and 2.3% in TAVR and SAVR groups.

This significantly increased the risk mainly in elderly patients, with

high STS score, high prior PVD, MI, or NYHA III-IV, who received

balloon-expanding TAVR, and had longer follow-up duration. These

results suggested that high risk score patients with low to
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intermediate surgical risk should avoid the use of TAVR. However, the

incidence of TIA was lower and the results should be further verified

in RCTs with longer follow-up duration.

TAVR showed association with less complications post-proce-

durally, which included bleeding, NOWAF, AKI, and cardiogenic

shock, and was consistent with previous meta-analyses find-

ings.34,35,37 Moreover, the risk of PPI and aortic-valve

reintervention was shown to be significantly higher in TAVR group.

Patients who received TAVR with high risk of conduction distur-

bances could explain these increased risk factors.41 These reduced

the risk that could be explained by minimally invasive approach

when compared with traditional SAVR. Furthermore, the groups

with the risk of valvular endocarditis and coronary obstruction

showed no significant differences. However, these results were

unstable as these outcomes were reported by smaller number of

cohorts, which in turn produce broad confidence intervals, with no

statistically significant differences.

However, there are several limitations in this study that should be

acknowledged: (1) Some studies might have been missed as they were

not included in the searched databases, and this might in turn produce

inevitable publication bias; (2) a smaller number of cohorts were

included in some subgroups, inducing variable results; (3) there might

be bias due to TAVR, which induced substantial heterogeneity and

affect treatment effectiveness of TAVR; (4) the causes of aortic valve

re-intervention were not available from the included trials; (5) the

treatment strategies after TAVR or SAVR were not available across

the included studies, which could affect the prognosis of low to inter-

mediate surgical risk AS patients; and (6) this study analysis was based

on pooled data, restricting us from conducting a more detailed

analysis.

5 | CONCLUSION

In conclusion, this study demonstrated similar prevalence of all-cause

mortality, cardiac death, stroke, major vascular complications, MI, val-

vular endocarditis, and coronary obstruction between both

approaches of TAVR and SAVR in low to intermediate surgical risk AS

patients. However, TAVR induced a greater risk of TIA, PPI, and

aortic-valve reintervention, and protected against the risk of PPB,

NOWAF, AKI, and cardiogenic shock. Further large-scale RCTs should

be conducted to verify the results of subgroup analyses.
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