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Abstract

Objective: To assess clinical outcomes of Transcatheter Aortic Valve Replacement in stenotic bicuspid aortic valve patients.
Methods: The search of clinical articles was conducted by using Pubmed, Embase, The Cochrane Library databases. We
compared clinical outcomes of efficacy and safety endpoints between stenotic bicuspid aortic valve(BAV) and tricuspid aortic
valve(TAV) patients according to Valve Academic Research Consortium-2 criteria. Results: 20 studies were included in the
current meta analysis. BAV groups showed higher post-procedural paravalvular leakage and stroke rate compared with TAV
groups. No discrepancy were detected in the mean aortic gradient and aortic valve area between two groups. The 30-day and
1-year mortality were similar in both groups. BAV group was more likely to be associated with lower device success and higher
incidence of conversion to surgical aortic valve replacement, second valve implantation and annular rupture. No difference was
found in the incidence of permanent pacemaker implantation, acute kidney disease, life-threatening bleeding and myocardial
infarction between bicuspid and tricuspid patients. Conclusion: The efficacy and safety of TAVR in BAV patients were not as
ideal as those in TAV patients. Cautious and adequate discussion must be made before we decide to perform TAVR procedure
for BAV patients.

1 INTRODUCTION

Since transcatheter aortic valve replacement(TAVR) was initially performed in 2002, several clinical trials
conducted by worldwide cardiovascular centers have confirmed its obvious efficacy and safety. The indica-
tion for TAVR was symptomatic severe Aortic Stenosis(AS) patients with high risks for surgical aortic valve
replacement. However, bicuspid aortic valve stenosis, the most common congenital anomaly of heart valve1,
has been deemed as a relative contraindication for TAVR and excluded from many randomized clinical
trials2,3. Perhaps due to the special anatomy such as asymmetrical calcification, oval annulus, and concomi-
tant aortopathy4, the BAV group represented higher incidences of annular rupture, paravalvular leakage and
permanent pacemaker implantation5. Moreover, BAV patients were always younger and at lower risk com-
pared with TAV patients, which made it difficult to perform a comparison. With the expanding indication of
TAVR into low risk patients6, large scale of clinical trials comparing TAVR in BAV versus TAV AS patients
were feasible. Therefore, we conducted the current meta-analysis to evaluate the efficacy and safety of TAVR
in BAV AS patients.

2 MATERIAL AND METHODS

The current meta-analysis was performed following the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta Analyses (PRISMA)7(see Supplementary PRISMA 2009 Checklist ). All the studies
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included were approved by each single-center Ethical Committees, in retrospective studies the informed
consent was waived and in prospective studies patients were excluded if they did not provide their informed
consent.

2.1 Literature Search strategy

Literature search was performed systematically by using Pubmed, Embase, The Cochrane Library databases
up to May 12, 2021. The key words were “Transcatheter aortic valve replacement” or “Transcatheter aortic
valve implantation” and “bicuspid”. The language of studies was limited to English. Conference abstracts
and case reports were excluded. The detailed search strategy and results were shown in Figure 1 .

2.2 Data selection criteria and Quality assessment

Literatures should fullfil the following inclusion criteria: 1) enrollment of consecutive patients; 2) comparison
of clinical outcomes of TAVR between BAV and TAV patients; 3)reported at least 30 days clinical outcomes.
The exclusion criteria: 1) duplicate studies; 2) the full text cannot be retrieved; 3) the outcomes we focused
on were not mentioned; 4) baseline characteristics of patients in each group showed significant difference(P
<0.05) and propensity score match was not performed. Two authors(HX and QS) evaluated the eligibility of
literatures independently. Any discrepancies were settled by consensus. Clinical outcomes of each literature
we focused on were extracted for the current meta-analysis. The quality of each study selected was assessed
by Newcastle-Ottawa Scale(NOS). Case selection, comparability and outcome were criterion of assessment,
and a score of [?] 7 was considered to be high quality.

2.3 Outcomes for comparison

According to Valve Academic Research Consortium 2 (VARC-2)8, we selected the adverse events which might
impact patients’ prognosis. Efficacy was evaluated by post-procedural mean aortic valve gradient(MAG), aor-
tic valve area(AVA) and paravalvular leakage(PVL). Safety endpoints included device success, all cause mor-
tality, peri- and post-procedural complications such as conversion to surgical aortic valve replacement(SAVR),
permanent pacemaker implantation(PPM), life-threatening bleeding, stroke, annular rupture, second valve
implantation, acute kidney disease(AKD) and myocardial infarction(MI). Due to the different follow-up time
of studies, 30-day and 1-year mortality were chosen for comparison.

2.4 Statistical analysis strategy

The continuous data of each group were studied by mean difference(MD) with 95% confidence interval(CI).
For dichotomous variables, odds ratio(OR) with 95% confidence interval(CI) were used. Heterogeneity across
studies were assessed by Cochran’s Q-test and I2 statistics. When heterogeneity was less than moderate
degree(I2 0-50% or P> 0.10), fixed effects models combined with inverse variance method were chosen for
data analysis firstly. In case of significant heterogeneity(I2 > 50% or P <0.10), we selected DerSimonian
and Laird random effects models9 combined with inverse variance method for data analysis. In order to
confirm the stability of studies in the second situation, a sensitivity analysis was performed by removing one
of all the studies at a time. Publication bias was checked by funnel plot and egger’s test10. Data analyses
were conducted by using Review Manager (Version 5.4) and STATA (Version 13). A p-value of <0.05 was
considered to be significant discrepancy.

3 RESULTS

A total of 14924 patients(BAV: 4986 patients; TAV: 9938 patients) in 20 studies11-30 were eligibility for
the current meta analysis. According to the Newcastle-Ottawa Scale(0-9), 18 studies represented high
quality(a score of[?] 7), and the other 2 studies represented moderate quality(a score of 6). All the 20
articles were retrospective cohort studies. Patient’s baseline characteristics were listed in Table 1a-b
andSupplementaryMaterial Table S1a-d . The detailed clinical outcomes of efficacy and safety end-
points extracted from each study were listed in Supplementary Material Table S2a-d . The forest plots
were performed for comparison of efficacy(Figure 2 ) and safety(Figure 3, Supplementary Material
Figure S1 ) endpoints.
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3.1 Comparison of efficacy endpoints

19 studies11-25,27-30 reported post-procedural MAG, and 7 studies11,14-17,25,27 reported post-procedural AVA.
The data of MAG in the 15 studies11,13-17,20,22-25,27-30 and AVA in all the 7 studies were expressed as the
mean±SD(n), and were taken into comparison independently. 4 studies12,18,19,21 were excluded because the
data were expressed as median and interquatile range. Post-procedural MAG tended to be similar between
BAV and TAV group(MD 0.15, 95%CI -0.06-0.36, I2=46%). Moreover, post-procedural AVA of BAV patients
was also the same as that of TAV patients(MD -0.03, 95%CI -0.11-0.05, I2=77%). Due to the significant
heterogeneity in the comparison of AVA, DerSimonian and Laird random effects models were used, and
we also performed a sensitivity analysis to check the stability of the result. After 1 of the 7 studies in AVA
subgroup was removed at a time, we investigated a range of MD from -0.06(95%CI -0.13-0.01) to 0.00(95%CI
-0.08-0.07), and no difference was found.

Paravalvular leakage(PVL) was defined as a post-procedure aortic regurgitation more than moderate. 13
studies11-14,16,17,19-25 were selected for comparison of PVL. The other 7 studies were excluded of which 1
study15 stratified PVL into mild-moderate and severe group, 3 studies18,26,27 defined PVL as more than mild
aortic regurgitation and 3 studies28-30 evaluated PVL as [?] 2 grade. BAV group was associated with higher
PVL than TAV group(OR 1.89, 95%CI 1.47-2.42, I2=0%). No publication bias was detected by using funnel
plot and egger’s test(P=0.838) (SupplementaryMaterial Table S3 and Figure S2 ).

3.2 Comparison of safety endpoints

Among the safety endpoints, all cause mortality was considered to be the most important one. All the
20 studies11-30 showed 30-day mortality. It had no difference in 30-day mortality between BAV and TAV
group(OR 1.20, 95%CI 0.96-1.50, I2=0%). Only Pineda’s12 and Costopoulos’s28 study reported higher 30-day
mortality in BAV group compared with TAV group. 14 studies11-14,16-19,23-25,27-29 reported 1-year mortality,
and the result of BAV group was almost the same as that of TAV group(OR 0.91, 95%CI 0.78-1.05, I2=0%).
Funnel plots(Figure 4 ) and egger’s test of 30-day(P=0.565) and 1-year mortality(P=0.063) group showed
no significant publication bias(Supplementary Material Table S3 ).

When we compared device success that reported in 15studies11-14,16,19,20,22-30, the result of BAV group
was lower than that of TAV group(OR 0.77, 95%CI 0.65-0.92, I2=49%). Finally, the comparison of
post-procedural complications between the two groups was performed. BAV group was more likely to
be associated with an increasing incidence of stroke(20 studies11-30, OR 1.51, 95%CI 1.15-1.99, I2=0%),
conversion to SAVR(12 studies12-14,16,21-24,27-30, OR 2.50, 95%CI 1.52-4.11, I2=0%), second valve im-
plantation(13 studies11,13,15,16,18-22,24-26,28, OR 2.37, 95%CI 1.68-3.33, I2=0%) and annular rupture(11
studies11,12,16,19,21-24,26,27,30, OR 7.11, 95%CI 2.58-19.60, I2=0%). There was no discrepancy in PPM(20
studies11-30, OR 1.08, 95%CI 0.95-1.22, I2=0%), AKD(11 studies11-13,16,19,24-28,30, OR 1.01, 95%CI 0.69-
1.49, I2=0%), life-threatening bleeding(13 studies11,12,14-16,19,20,24-28,30, OR 0.80, 95%CI 0.50-1.28, I2=0%)
and MI(10 studies12-16,19,27-30, OR 1.21, 95%CI 0.62-2.39, I2=0%) between the two groups. The detailed
results of egger’s test and funnel plots of each subgroup were listed inSupplementaryMaterial Table S3
and Figure S2 , and no significant publication bias were found.

4 DISCUSSION

Many previous meta-analysis31,32 always compared safety endpoints of TAVR procedure in BAV versus TAV
AS patients. However, seldom of them studied the efficacy aspect of TAVR systematically. Therefore,
we conducted the current meta-analysis to confirm it. The efficacy endpoints of TAVR were defined as
hemodynamics changes measured by echocardiogram after procedure. It revealed that the post-procedural
MAG of BAV group was similar compared with the TAV group. However, in Forrest’s study14, patients
in BAV group who represented post-procedural MAG[?] 20mmHg were more than those in TAV group.
This might be attributed to the possible incomplete expansion of valve prostheses associated with bicuspid
anatomy such as two commissures and oval annulus. But Forrest’s 1-year following data of MAG showed no
difference in both groups. As an important efficacy endpoint, the post-procedural aortic valve area(AVA) in
BAV group was the same as that in TAV group. Just in Tchetche’s15and Blackman’s17 study, BAV patients
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tended to be associated with lower AVA compared with TAV patients. The result might be effected by
the selection of valve prosthesis size. Therefore, adequate and accurate evaluation of aortic root anatomy
preoperation should be the important guidance of prosthesis selection, to guarantee enough post-procedural
AVA. For example, ECG-gated MDCT had advantage in evaluating aortic annular size, which could also
measure the annulus during systolic period of cardiac cycle, and avoid undersizing of valve prosthesis33.

In previous study30, it was widely acknowledged that incidence of post-procedural PVL in BAV patients
was higher than that in TAV patients, which was also confirmed by the current mata-analysis. The special
morphology features of BAV patients including dilation of aortic root and ascending aorta, asymmetrical and
severe leaflet calcification, elliptical annulus, and higher calcium scores34,35, made it challenging to perform
TAVR procedure, and enhanced the incidence of valve prosthesis malposition, incomplete expansion, and
concomitant PVL.

The BAV group showed not only higher incidence of PVL, but also annular rupture, second valve implantation
and conversion to SAVR, as well as lower device success. In Yoon’s study24, BAV patients represented
higher frequency of aortic annular rupture, which was mainly related to application of Sapien XT valve.
Moreover, the higher incidence of second valve implantation was considered to be induced by implantation
of CoreValve system. Nevertheless, as time gone on, new-generation valve prostheses(Sapien 3, Lotus, and
Evolut R) were widely used. In some degree, the advanced modifications of new-generation valve prostheses
such as supra-annular technique, external sealing cuff and recapture valve platform decreased the technical
difficulty, reduced procedure-related adverse events, and enhanced device success rate36. In order to assess
long-term results of new-generation valve prostheses, subsequent large scale of multi-center studies are needed
to perform.

Although some of adverse events were higher in BAV group, 30-day and 1-year mortality in BAV group, the
most important safety endpoints, were the same as that in TAV group. In Pineda’s study12, after adjusting
for STS score, bicuspid patients represented higher 30-day all-cause mortality(8.0% vs. 1.9%, p<0.001), while
30-day cardiovascular mortality was similar compared with tricuspid patients(2.5% vs. 1.7%, p=0.450). Such
a statistical discrepancy was explained by one non-cardiac death in the bicuspid group. Moreover, the 1-
and 2-year mortality(15% vs. 11%, p=0.557, 15.6% vs. 17.3%, p=0.110) was similar between the two groups
in Pineda’s study. Therefore, TAVR for BAV and TAV patients could have similar mortality endpoints.

Compared with TAV patients, BAV patients were always considered to be related to higher incidence of
post-procedural PPM37. However, there was no difference in our meta-analysis. It was suggested to position
the valve more into the aorta to avoid the injury of atrioventricular conduct system, and might decreased the
incidence of PPM in some degree38. Nevertheless, no difference was found between early- and new-generation
group36,39. All the 20 studies reported post-procedural stroke. The heavy and asymmetrical calcification
of bicuspid patients might result in higher stroke rate theoretically, which was also demonstrated by our
meta-analysis. This result was largely determined by Makkar’s study16, but the long term follow-up between
BAV and TAV patients showed no difference. Moreover, Yoon’s study36 demonstrated that valve generation
didn’t act as a key role in the incidence of post-procedural stroke as well. The incidence of other adverse
events such as post-procedural AKD, life-threatening bleeding and MI were also similar in our meta-analysis,
which also supported the safety of performing TAVR procedure for BAV AS patients in some degree.

5 LIMITATION

The following limitation existed in the current meta-analysis: The classification standard of post-procedure
PVL showed discrepancy. Five11,14,19,21,23 of the thirteen studies stratified PVL into five grade(none,
trace/trivial, mild, moderate, severe), two studies12,20 stratified it into four grade(none, mild, moderate,
severe), while the other two studies16,17mentioned three grade(none/mild, moderate, severe). There were
four studies13,22,24,25 didn’t mention detailed standard of classification. This discrepancy might increase
heterogeneity among studies.

6 CONCLUSION
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The efficacy and safety of TAVR in BAV patients were not as ideal as those in TAV patients. Cautious
and adequate discussion must be made before we decide to perform TAVR procedure for BAV patients.
Moreover, in order to assess long-term results of new-generation valve prostheses, subsequent large scale of
multi-center studies are needed to perform.

Authors’ Contributions The followings authors have contributed to the study design(BW), literature
search and evaluation(HX, QS), data analyses(BW, GZ, YC), preparation of tables and figures(GZ, JW,
XW), leading article writing(BW), contributors of article writing(HX, QS) and critical article revision(TG,
GZ).

Funding The authors have not declared a specific grant for this research from any funding agency in the
public, commercial or not-for-profit sectors.

Conflict of interest None declared.

ORCID

Bin Wanghttps://orcid.org/0000-0003-0569-2862

Tianxiang Guhttps://orcid.org/0000-0001-5640-7270

Guangwei Zhanghttps://orcid.org/0000-0003-0302-4625

REFERENCES

1. Michelena HI, Desjardins VA, Avierinos JF, et al. Natural history of asymptomatic patients with
normally functioning or minimally dysfunctional bicuspid aortic valve in the community.Circulation.
2008;117(21):2776-2784.

2. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-valve implantation for aortic stenosis in patients
who cannot undergo surgery.The New England journal of medicine. 2010;363(17):1597-1607.

3. Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgical aortic-valve replacement in high-risk
patients. The New England journal of medicine. 2011;364(23):2187-2198.

4. Watanabe Y, Chevalier B, Hayashida K, et al. Comparison of multislice computed tomography find-
ings between bicuspid and tricuspid aortic valves before and after transcatheter aortic valve implanta-
tion.Catheterization and cardiovascular interventions : official journal of the Society for Cardiac Angiography
& Interventions.2015;86(2):323-330.

5. Himbert D, Pontnau F, Messika-Zeitoun D, et al. Feasibility and outcomes of transcatheter aortic valve
implantation in high-risk patients with stenotic bicuspid aortic valves. The American journal of cardiology.
2012;110(6):877-883.

6. Tarantini G, Nai Fovino L, Gersh BJ. Transcatheter aortic valve implantation in lower-risk patients: what
is the perspective?European heart journal. 2018;39(8):658-666.

7. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ (Clinical
research ed). 2009;339:b2700.

8. Kappetein AP, Head SJ, Genereux P, et al. Updated standardized endpoint definitions for tran-
scatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document
(VARC-2).European journal of cardio-thoracic surgery : official journal of the European Association for
Cardio-thoracic Surgery.2012;42(5):S45-60.

9. DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Contem-
porary clinical trials.2007;28(2):105-114.

5



P
os

te
d

on
A

ut
ho

re
a

9
M

ar
20

22
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

67
84

06
.6

23
49

25
2/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

10. Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis.
Journal of clinical epidemiology. 2001;54(10):1046-1055.

11. Chodor PA, Wilczek K, Chodor-Rozwadowska K, et al. Comparison of the results of transcatheter aortic
valve implantation in patients with bicuspid and tricuspid aortic valve. Postepy w kardiologii interwencyjnej
= Advances in interventional cardiology.2021;17(1):82-92.

12. Pineda AM, Rymer J, Wang A, et al. Transcatheter aortic valve replacement for patients with severe
bicuspid aortic stenosis.American heart journal. 2020;224:105-112.

13. Fu B, Chen Q, Zhao F, et al. Efficacy and safety of transcatheter aortic valve implantation in patients
with severe bicuspid aortic stenosis. Annals of translational medicine. 2020;8(14):873.

14. Forrest JK, Kaple RK, Ramlawi B, et al. Transcatheter Aortic Valve Replacement in Bicus-
pid Versus Tricuspid Aortic Valves From the STS/ACC TVT Registry. JACC Cardiovascular interven-
tions.2020;13(15):1749-1759.

15. Tchetche D, de Biase C, van Gils L, et al. Bicuspid Aortic Valve Anatomy and Relationship With
Devices: The BAVARD Multicenter Registry.Circulation Cardiovascular interventions. 2019;12(1):e007107.

16. Makkar RR, Yoon SH, Leon MB, et al. Association Between Transcatheter Aortic Valve Replacement
for Bicuspid vs Tricuspid Aortic Stenosis and Mortality or Stroke. Jama. 2019;321(22):2193-2202.

17. Blackman DJ, Van Gils L, Bleiziffer S, et al. Clinical outcomes of the Lotus Valve in patients with
bicuspid aortic valve stenosis: An analysis from the RESPOND study. Catheterization and cardiovascular
interventions : official journal of the Society for Cardiac Angiography & Interventions. 2019;93(6):1116-1123.

18. Xiong TY, Wang X, Li YJ, et al. Less pronounced reverse left ventricular remodeling in patients with
bicuspid aortic stenosis treated with transcatheter aortic valve replacement compared to tricuspid aortic
stenosis. The international journal of cardiovascular imaging.2018;34(11):1761-1767.

19. Song G, Jilaihawi H, Wang M, et al. Severe Symptomatic Bicuspid and Tricuspid Aortic Stenosis
in China: Characteristics and Outcomes of Transcatheter Aortic Valve Replacement with the Venus-A
Valve.Structural Heart. 2018;2(1):60-68.

20. Mangieri A, Chieffo A, Kim WK, et al. Transcatheter aortic valve implantation using the ACURATE
neo in bicuspid and tricuspid aortic valve stenosis: a propensity-matched analysis of a European experi-
ence.EuroIntervention : journal of EuroPCR in collaboration with the Working Group on Interventional
Cardiology of the European Society of Cardiology. 2018;14(12):e1269-e1275.

21. Liao YB, Li YJ, Xiong TY, et al. Comparison of procedural, clinical and valve performance results of
transcatheter aortic valve replacement in patients with bicuspid versus tricuspid aortic stenosis.International
journal of cardiology. 2018;254:69-74.

22. De Biase C, Mastrokostopoulos A, Philippart R, et al. Aortic valve anatomy and outcomes after tran-
scatheter aortic valve implantation in bicuspid aortic valves. International journal of cardiology.2018;266:56-
60.

23. Aalaei-Andabili SH, Beaver TM, Petersen JW, et al. Early and midterm outcomes of transcatheter aortic
valve replacement in patients with bicuspid aortic valves. Journal of cardiac surgery.2018;33(9):489-496.

24. Yoon SH, Bleiziffer S, De Backer O, et al. Outcomes in Transcatheter Aortic Valve Replacement for Bicus-
pid Versus Tricuspid Aortic Valve Stenosis. Journal of the American College of Cardiology.2017;69(21):2579-
2589.

25. Sannino A, Cedars A, Stoler RC, Szerlip M, Mack MJ, Grayburn PA. Comparison of Efficacy and Safety
of Transcatheter Aortic Valve Implantation in Patients With Bicuspid Versus Tricuspid Aortic Valves.The
American journal of cardiology. 2017;120(9):1601-1606.

6



P
os

te
d

on
A

ut
ho

re
a

9
M

ar
20

22
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

67
84

06
.6

23
49

25
2/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

26. Arai T, Lefevre T, Hovasse T, et al. The feasibility of transcatheter aortic valve implantation using the
Edwards SAPIEN 3 for patients with severe bicuspid aortic stenosis. Journal of cardiology. 2017;70(3):220-
224.

27. Kochman J, Huczek Z, Scis lo P, et al. Comparison of one- and 12-month outcomes of transcatheter
aortic valve replacement in patients with severely stenotic bicuspid versus tricuspid aortic valves (results
from a multicenter registry). The American journal of cardiology.2014;114(5):757-762.

28. Costopoulos C, Latib A, Maisano F, et al. Comparison of results of transcatheter aortic valve implanta-
tion in patients with severely stenotic bicuspid versus tricuspid or nonbicuspid valves. The American journal
of cardiology. 2014;113(8):1390-1393.

29. Bauer T, Linke A, Sievert H, et al. Comparison of the effectiveness of transcatheter aortic valve implan-
tation in patients with stenotic bicuspid versus tricuspid aortic valves (from the German TAVI Registry).The
American journal of cardiology. 2014;113(3):518-521.
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Figure Legends

Figure 1 The detailed strategy and results of literature search.

Figure 2 Forest plots of efficacy endpoints comparison: (a)mean aortic gradient. (b)aortic valve area.
(c)paravalvular leakage.
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Figure 3 Forest plots of safety endpoints comparison: (a)30-day mortality. (b)1-year mortality. (c)device
success.

Figure 4 Funnel plots of: (a) 30-day mortality; (b) 1-year mortality.

Table 1a: Baseline characteristics of patients in each study.

Study Chodór2021 Chodór2021 Pineda 2020 Pineda 2020 Fu 2020 Fu 2020 Forrest2020 Forrest2020 Tchetche2019 Tchetche2019 Makkar2019 Makkar2019 Blackman2019 Blackman2019 Xiong2018 Xiong2018 Song2018 Song2018 Mangieri2018 Mangieri2018

BAV(n=21) TAV(n=62) BAV(n=50) TAV(n=517) BAV(n=44) TAV(n=74) BAV(n=929) TAV(n=929) BAV(n=101) TAV(n=88) BAV(n=2691) TAV(n=2691) BAV(n=31) TAV(n=965) BAV(n=67) TAV(n=49) BAV(n=44) TAV(n=53) BAV(n=54) TAV(n=658)
Age, years 75.76 ±7.96 78.03 ±8.44 69.3±7.6 80.6±8.2 73.6±6.3 75.7±7.2 73.0±10.3 72.6±10.8 78.2±10.1 83.1±5.7 73.65±11.13 73.65±11.13 76.4 ± 7.9 80.9 ± 6.4 72.9±6.8 73.9±8.4 73.8±5.2 76.5±7.1 80±5.3 82.1±4.3
Male 14(66.67%) 37(59.67%) 32(64.0%) 289(55.9%) 23(52.3%) 44(59.5%) 512(55.1%) 508(54.7%) 66(65%) 41(46%) 1621(60.3%) 1655(61.5%) 20(64.5%) 470(48.7%) 40(59.7%) 28(57.1%) 24(54.5%) 30(56.5%) 21(38.9%) 420(63.8%)
NYHA III/IV 11(52.38%) 37(59.68%) 33(66.0%) 374(72.3%) 33(75%) 59(79.8%) 705(75.9%) 710(76.4%) 52(51%) 50(57%) 1983(74.4%) 1974(74.1%) 20(66.7%) 623(69.6%) 61(91.0%) 41(83.7%) 33(75.0%) 43(81.1%) 46(85.1%) 490(74.4%)
STS score, % - - 5.1±3.6 7.0±4.1 6.70±2.95 7.63±5.55 5.3±4.2 5.2±4.1 11.3±8.5 7.6±4.4 4.9±4.0 5.1±4.2 6.0±10.15 5.9±6.74 6.7±3.7 7.6±3.3 5.7±3.4 6.6±4.3 4.7±2.7 5.1±3.6
EuroSCORE, % 21.63 ±11.49 22.59 ±17.22 - - - - - - - - - - 6.1±7.52 8.0±8.38 - - - - 17.7±10.7 20.1±13.4
Hypertension 16(76.19%) 52(83.87%) 42(84.0%) 427(82.6%) 14(31.8%) 43(58.1%) 786(84.6%) 806(86.8%) 64(63%) 79(90%) 2269(84.5%) 2263(84.2%) 22(71.0%) 760(79.4%) 30(44.8%) 27(55.1%) 17(38.6%) 32(60.4%) 48(88.8%) 600(91.1%)
Diabetes mellitus 10(47.62%) 26(41.93%) 23(46.0%) 195(37.7%) 7(15.9%) 18(24.3%) 328(35.3%) 341(36.7%) 17(17%) 13(15%) 961(35.8%) 989(36.8%) 5(16.1%) 217(22.5%) 14(20.9%) 12(24.5%) 6(13.6%) 9(17.0%) 13(24.1%) 208(31.6%)
CKD 11(52.38%) 37(59.68%) 14(28.0%) 148(28.6%) 1(2.3%) 3(4.1%) - - - - 77(2.9%) 139(5.2%) - - 8(11.9%) 8(16.3%) 0(0.0%) 1(1.9%) 14(25.9%) 201(30.5%)
Prior TIA 5(23.81%) 5(8.06%) 5(10.0%) 102(19.7%) 8(18.2%) 12(16.2%) 81(8.7%) 71(7.6%) 10(10%) 11(12%) 275(10.2%) 274(10.2%) 5(16.1%) 89(9.3%) - - 6(13.6%) 9(17.0%) 5(9.2%) 74(11.2%)
COPD 4(19.05%) 16(25.8%) 26(52.0%) 159(30.8%) 13(29.5%) 21(28.4%) 436(46.9%) 442(47.6%) 26(26%) 23(26%) 1113(41.7%) 1125(42.0%) 3(9.7%) 151(15.7%) 36(53.7%) 35(71.4%) 19(43.2%) 20(37.7%) - -
Prior PCI 3(14.29%) 13(20.97%) - - 2(4.5%) 11(14.9%) 262(28.2%) 264(28.4%) 32(32%) 8(9%) 683(25.5%) 714(26.6%) 4(12.9%) 292(30.4%) - - 1(2.3%) 7(13.2%) 11(20.3%) 191(29.1%)
Prior CABG 9(42.86%) 19(30.64%) - - 0(0%) 2(2.7%) 140(15.1%) 163(17.5%) 2(2%) 26(29%) 426(15.9%) 463(17.2%) 1(3.2%) 122(12.6%) - - 0(0.0%) 1(1.9%) 6(11.1%) 75(11.4%)
Prior MI 9(42.86%) 22(35.48%) 5(10.0%) 102(19.7%) 1(2.3%) 6(8.1%) - - 5(5%) 8(9%) - - - - 2(3.0%) 1(2.0%) 1(2.3%) 4(7.5%) 6(11.1%) 75(11.4%)
PVD 10(47.62%) 22(35.48%) 13(26.0%) 183(35.4%) - - 238(25.6%) 262(28.2%) - - 653(24.3%) 657(24.5%) - - 24(35.8%) 13(26.5%) 15(34.1%) 17(32.1%) 7(12.9%) 57(8.6%)
CAD - - 32(64.0%) 397(76.8%) - - - - - - - - 8(25.8%) 550(57.1%) 20(29.9%) 18(36.7%) - - - -
Atrial fibrillation - - 6(12.0%) 78(15.1%) 3(6.8%) 12(16.2%) 269(29.0%) 248(26.7%) 24(24%) 27(31%) 779(29.0%) 790(29.4%) 8(25.8%) 326(34.2%) 14(20.9%) 6(12.2%) 4(9.1%) 11(20.8%) 13(24.1%) 227(34.7%)
Device Early generation New generation 18(85.7%) 2(9.5%) 52(83.9%) 9(14.5%) - - - - 44(100%) 0(0%) 74(100%) 0(0%) 0(0%) 929(100%) 0(0%) 929(100%) 0(0%) 101(100%) 0(0%) 88(100%) - - - - 0(0%) 31(100%) 0(0%) 965(100%) 63(94.0%) 4(6.0%) 45(91.9%) 4(8.1%) 44(100%) 0(0%) 53(100%) 0(0%) 0(0%) 54(100%) 0(0%) 658(100%)
Quality assessment S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O2 S3, C1, O2 S3, C0, O3 S3, C0, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3

*Datas were presented in mean±SD or n(n/N (%)). For more detailed patient characteristics please see
Supplementary Table S1.

Abbreviation: BAV=bicuspid aortic valve; TAV=tricuspid aortic valve; NYHA=New York Heart Association;
STS=Society of Thoracic Surgeons; EuroSCORE=European System for Cardiac Operative Risk Evaluati-
on; CKD=Chronic kidney disease; TIA=Transient ischemic attack; COPD=Chronic obstructive pulmonary
disease; PCI=Percutaneous coronary intervention; CABG=Coronary artery bypass graft; MI=Myocardial
infarction; PVD=Peripheral vascular disease; CAD=Coronary artery disease.

Table 1b: Baseline characteristics of patients in each study.

Study Liao2018 Liao2018 De Biase2018 De Biase2018 Aalaei2018 Aalaei2018 Yoon 2017 Yoon 2017 Sannino2017 Sannino2017 Arai2017 Arai2017 Kochman2014 Kochman2014 Costopoulos2014 Costopoulos2014 Bauer2014 Bauer2014 Hayashida2013 Hayashida2013

BAV(n=87) TAV(n=70) BAV(n=83) TAV(n=166) BAV(n=32) TAV(n=96) BAV(n=546) TAV(n=546) BAV(n=88) TAV(n=735) BAV(n=10) TAV(n=143) BAV(n=28) TAV(n=84) BAV(n=21) TAV(n=447) BAV(n=38) TAV(n=1357) BAV(n=21) TAV(n=208)
Age, years 73.4±6.4 74.3±7.0 81.4±7.6 82.9±5.7 68.59±11.07 73.96±10.76 77.2±8.2 77.2±8.8 80.2±8.4 81.8±7.9 81.3±5.1 82.6±6.2 77.6±5.5 79.1±6.8 76.7±7.1 79.8±7.4 80.7±6.6 81.8±6.2 82.0±7.0 83.2±6.5
Male 50(57.5%) 45(64.3%) 57(69%) 108(66%) 20(66.7%) 54(56.3%) 343(62.8%) 331(60.6%) 53(60.2%) 389(52.9%) 61(43%) 7(7%) 13(46%) 40(48%) 12 (57%) 212 (47%) 17(45%) 570(42%) 12(57.1%) 111(53.4%)
NYHA III/IV 80(92.0%) 61(87.1%) 48(58%) 90(53%) - - 439(80.4%) 428(82.1%) - - 9(90%) 142(99%) 20(71%) 66(79%) 15(71%) 301(67%) 32(84%) 1208(89%) 19(90.5%) 183(88.0%)
STS score, % 7.9±4.0 8.6±4.4 5.1±3.3 5.1±2.9 6.01±3.42 6.08±3.76 4.6±4.6 4.3±3.0 7.4±3.9 7.6±3.9 - - - - 7.6±4.2 7.8±7.3 - - - -
EuroSCORE, % - - - - - - 16.2±12.0 16.9±13.9 - - 19.0±12.5 18.1±11.0 19.2±9.0 18.8±8.7 23.9±12.0 24.4±17.3 18±10 20±13 19.9±11.9 20.1±11.4
Hypertension 43(49.4%) 32(45.7%) 60(71%) 119(73%) 25(78.1%) 76(79.1%) 382(70.0%) 385(70.5%) 71(81.6%) 612(84.3%) 8(80%) 100(70%) 17(60%) 55(66%) 14(67%) 345(77%) - - 12(57.1%) 142(68.3%)
Diabetes mellitus 14(16.1%) 13(18.6%) 16(19%) 26(15%) 14(43.7%) 38(39.5%) 128(23.4%) 127(23.3%) 29(37.7%) 283(40.4%) 2(20%) 37(26%) 11(39%) 29(35%) 6(29%) 135(30%) 14(37%) 461(34%) 1(4.8%) 50(24.0%)
CKD 10(16.1%) 13(18.6%) 1(1%) 3(2%) 1(3.1%) 7(7.3%) - - 45(52.3%) 330(45.5%) - - - - - - 22(58%) 828(61%) - -
Prior TIA 13(14.9%) 8(11.4%) 5(6%) 11(8%) 5(15.6%) 12(12.5%) 77(14.1%) 69(12.6%) 17(22.4%) 132(19.5%) 1(10%) 1(1%) 8(29%) 14(17%) 4(19%) 72(16%) 5(13%) 109(8%) 1(4.8%) 13(6.2%)
COPD 50(57.5%) 45(64.3%) 24(28%) 39(21%) 13(40.6%) 37(38.5%) 98(17.9%) 82(15.0%) 15(19.5%) 149(22.1%) 0(0%) 3(3%) 6(21%) 17(20%) 7(33%) 137(31%) 8(21%) 326(24%) 5(23.8%) 50(24.0%)
Prior PCI 7(8.0%) 8(11.4%) 30(36%) 66(38%) - - 121(22.2%) 128(23.4%) - - 1(10%) 21(15%) 6(21%) 30(36%) 6(29%) 96(22%) 13(34%) 475(35%) 4(19.0%) 47(22.6%)
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Study Liao2018 Liao2018 De Biase2018 De Biase2018 Aalaei2018 Aalaei2018 Yoon 2017 Yoon 2017 Sannino2017 Sannino2017 Arai2017 Arai2017 Kochman2014 Kochman2014 Costopoulos2014 Costopoulos2014 Bauer2014 Bauer2014 Hayashida2013 Hayashida2013

Prior CABG - - 4(5%) 8(6%) - - 62(11.4%) 67(12.3%) - - 1(10%) 9(6%) 4(14%) 21(25%) - - 5(13%) 244(18%) 2(9.5%) 28(13.5%)
Prior MI - - 2(2%) 2(2%) 7(21.9%) 38(39.6%) - - - - - - 11(39%) 26(31%) 4(19%) 88(20%) - - 1(4.8%) 18(8.7%)
PVD 42(48.3%) 29(41.4%) - - 5(15.6%) 25(26.0%) 83(15.2%) 85(15.6%) 35(43.2%) 219(31.5%) - - 6(21%) 29(35%) 7(33%) 133(30%) 4(11%) 299(22%) 5(23.8%) 68(32.7%)
CAD 32(36.8%) 27(38.6%) 39(47%) 81(49%) - - - - 61(70.9%) 487(67.1%) - - 14(50%) 54(64%) - - - - 10(47.6%) 121(58.2%)
Atrial fibrillation 19(21.8%) 12(17.1%) 14(17%) 33(20%) - - - - 15(17.9%) 142(19.6%) - - - - - - - - - -
Device Early generation New generation 47(100%) 0(0%) 70(100%) 0(0%) 18(22%) 65(78%) 8(5%) 158(95%) 22(68.8%) 10(31.2%) 56(58.4%) 40(41.6%) 320(58.6%) 226(41.4%) 321(58.8%) 225(41.2%) - - - - 0(0%) 10(100%) 0(0%) 143(100%) 28(100%) 0(0%) 84(100%) 0(0%) 21(100%) 0(0%) 447(100%) 0(0%) 38(100%) 0(0%) 1357(100%) 0(0%) 21(100%) 0(0%) 208(100%) 0(0%)
Quality assessment S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3 S3, C1, O3

Figure 1 The detailed strategy and results of literature search.

9



P
os

te
d

on
A

ut
ho

re
a

9
M

ar
20

22
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

67
84

06
.6

23
49

25
2/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Figure 2 Forest plots of efficacy endpoints comparison: (a)mean aortic gradient. (b)aortic valve area.
(c)paravalvular leakage.
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Figure 3 Forest plots of safety endpoints comparison: (a)30-day mortality. (b)1-year mortality. (c)device
success.
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Figure 4 Funnel plots of: (a) 30-day mortality; (b) 1-year mortality.
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