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of outcomes following transfemoral
versus transapical transcatheter aortic valve
replacement
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Abstract

Background: Transcatheter aortic valve replacement (TAVR) has gained increasing acceptance for patients with aor-
tic disease. Both transfemoral (TF-TAVR) and transapical (TA-TAVR) approach were widely adopted while their perfor-
mances are limited to a few studies with controversial results. This meta-analysis aimed to compare the mortality and
morbidity of complications between TF- versus TA-TAVR based on the latest data.

Methods: Electronic databases were searched until April 2021. RCTs and observational studies comparing the out-
comes between TF-TAVR versus TA-TAVR patients were included. Heterogeneity assumption was assessed by an I test.
The pooled odds ratios(OR) or mean differences with corresponding 95% confidence intervals (Cl) were used to evalu-
ate the difference for each end point using a fixed-effect model or random-effect model based on I test.

Results: The meta-analysis included 1 RCT and 20 observational studies, enrolling 19,520 patients (TF-TAVR,
n=11,986 and TA-TAVR, n=7,534). Compared with TA-TAVR, TF-TAVR patients showed significantly lower rate of
postoperative in-hospital death (OR=10.67, 95% Cl 0.59-0.77, P<0.001) and 1-year death (OR=0.53, 95% Cl 0.41-0.69,
P<0.001). Incidence of major bleeding and acute kidney injury were lower and length of hospital stay was shorter,
whereas those of permanent pacemaker and major vascular complication were higher in TF-TAVR patients. There were
no significant differences between TF-TAVR versus TA-TAVR for stroke and mid-term mortality.

Conclusions: There were fewer early deaths in patients with transfemoral approach, whereas the number of mid-
term deaths and stroke was not significantly different between two approaches. TF-TAVR was associated with lower
risk of bleeding, acute kidney injury as well as shorter in-hospital stay, but higher incidence of vascular complication
and permanent pacemaker implantation.
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Background
Transcatheter aortic valve replacement (TAVR) is a rec-
ognized alternative to surgical aortic valve replacement
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recommendation for patients with symptomatic severe
aortic stenosis (AS) and high surgical mortality risk to
undergo TAVR [2, 3]. The Indications of TAVR would
be further expanded since some recent RCT trials pro-
vide promising interim results in low risk patients [4]. As
the exclusive percutaneous approach, transfemoral (TF)
access is the most preferred and widely adopted route for
TAVR for its safety and less-invasiveness [5]. However,
approximately 10-15% of the patients with unsuitable
iliofemoral anatomy (iliofemoral arteriopathy, tortuos-
ity, severe calcifications, aortic aneurysm, mural throm-
bus, previous vascular surgery, or small size) requiring
alternative approaches for valve deployment [6]. Differed
from the retrograde TF approach, another main access-
transapical (TA) TAVR—can be achieved by using anter-
ograde access with left-anterior mini-thoracotomy. TA
approach extends the feasibility and broadens indication
of TAVR, therefore, it is performed in a reasonable pro-
portion of patients [3]. Nevertheless, TA-TAVR is a more
invasive procedure associated with high risk of mortal-
ity and morbidity, especially for elder patient with severe
comorbidities. Some researchers have suggested that
TA-TAVR showed poor outcomes compared with SAVR
[7, 8]. While most of the previous studies have assessed
the performance of TF and TA approaches separately,
comparative studies regarding the safety, efficacy, and
efficiency between the two approaches were rarely per-
formed. Thus, we systematically reviewed the latest liter-
ature regarding this topic and employed a meta-analytic
strategy to determine the short and mid-term mortality
as well as incidence of major adverse events between TF-
versus TA-TAVR.

Methods

This meta-analysis was performed in accordance with
the PRISMA guidelines statement [9], the MOOSE state-
ment [10] and the Cochrane Handbook Cochrane Hand-
book recommendations [11]. A systematic literature
search was conducted through online databases includ-
ing PubMed, ClinicalKey, the Web of Science and Google
Scholar up till April 2021. For peer- reviewed publica-
tions, the language is not limited. The following key
words and Medical Subject Headings (MeSH) terms were
used: “transcatheter aortic valve replacement (MeSH)’
“transcatheter aortic valve implantation’, “TAVR’, “TAVT,
“transfemoral’, “transapical’] ‘transapical aortic valve
implantation, ‘transfemoral aortic valve implantation,
‘transapical aortic valve replacement’ and ‘transfemo-
ral aortic valve replacement’ The search string used for
PubMed was ‘(((((((((transcatheter aortic valve replace-
ment) OR (transcatheter aortic valve implantation)) OR
(TAVR)) OR (TAVI)) AND (transfemoral)) OR (transapi-
cal)) OR (transapical aortic valve implantation)) OR
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(transfemoral aortic valve implantation)) OR (transapi-
cal aortic valve replacement)) OR (transfemoral aortic
valve replacement). References of original articles were
reviewed manually and cross-checked. Two investiga-
tors (R.G. and M.X.) conducted the search. Two or more
studies published from the same database were included
if the studies reported outcomes from different follow-up
periods or compared different groups.

Studies were included if they fulfilled the following cri-
teria: (1) randomized controlled trials (RCTs) or observa-
tional studies published as original articles; (2) compared
TEF-TAVR versus TA-TAVR; (3) reported at least one of
the following events: death (in-hospital, 1-year, and mid-
term), stroke, major vascular events, major bleeding,
pacemaker implantation, acute kidney injury, reinterven-
tion, endocarditis and length of hospital stay; (4) sample
size per group of at least 10 patients. Two investigators
(R.G. and M.X.) selected the studies for the inclusion, and
studies did not meet any of these criteria were excluded.
Conlflicts between the two investigators were resolved by
consensus.

The eligibility and quality of included studies was evalu-
ated independently by two reviewers (Y.W. and X.H.), and
a standardized data collection sheet was used for data
extraction. Data on investigators, year, journal, design,
study period, follow-up duration, procedural approach,
sample size, patient characteristics and outcomes were
extracted. Disagreements were resolved by consen-
sus. The quality of RCTs and observational studies was
appraised by utilizing the components recommended by
the Cochrane Collaboration [12], and ROBINS-I (Risk of
Bias in Nonrandomized Studies-of Interventions) respec-
tively [13].

The primary outcome of interest was postoperative in
hospital death occuring at 1-year as well as 1 to 5 years
which is referred to as mid-term mortality. Secondary
outcomes included stroke, major vascular events, major
bleeding, pacemaker implantation, acute kidney injury.

The pooled odds ratio (OR) or mean difference and
corresponding 95% confidence interval (CI) was calcu-
lated for dichotomous and continuous outcomes, respec-
tively. Heterogeneity of the studies was assessed using
the Higgins I” statistic for each outcome. An I* of 0-25%
renders insignificant heterogeneity, 26—50% low hetero-
geneity, 51-75% moderate heterogeneity and >75% high
heterogeneity [14]. Fixed-effect models of Mantel-Haen-
szel were used for studies that were homogenous, while
Random-effect models of Inverse Variance were used
for studies that were heterogenous. Publication bias was
assessed visually using a funnel-plot method. Sensitiv-
ity analysis was performed by removing studies with the
study period finished before 2010. All tests were 2-tailed
with a p value of<0.05 considered significant. Analyses
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were performed using Review Manager Software from
the Cochrane Collaboration (Version 5.3, Copenhagen,
Denmark).

Results
Twenty-one studies enrolling 19,520 patients (11,986
undergoing TF-TAVR and 7,534 undergoing TA-TAVR)
met the inclusion criteria and were included for the final
meta-analysis [6, 15-34]. The search and selection pro-
cess are shown in Fig. 1. The main characteristics of the
included studies are shown in Table 1. Of the 21 studies,
1 was RCT, 9 were prospective observational studies and
11 were retrospective observational studies. The Study
quality assessment is summarized in Table 2. The quality
of RCT study was high, and among the 20 observational
studies, the assessment result of 14 studies was moderate
bias, while the remaining 6 studies have serious bias.
Publication bias and heterogeneity for each outcome
are listed in Table 3.

Mortality

Postoperative in-hospital mortality was reported in 20
studies. One RCT and 19 observational studies with
18,492 patients were included. In the pooled analysis,
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in-hospital mortality was significantly lower with TE-
TAVR compared with TA-TAVR (OR=0.67, 95% CI
0.59-0.77, P<0.001, Fig. 2a).Postoperative 1-year mor-
tality was reported in 5 studies. One RCT and 4 obser-
vational studies with 2,313 patients were included. In the
pooled analysis, 1-year mortality remained significantly
lower in TE-TAVR compared with TA-TAVR (OR=0.53,
95% CI 0.41-0.69, P <0.001, Fig. 2b). Postoperative mid-
term mortality was reported in 4 observational studies
with 5,907 patients. The pooled analysis did not dem-
onstrate a statistically significant difference in the risk
of mid-term mortality when comparing TF-TAVR ver-
sus TA-TAVR (OR=0.68, 95% CI 0.46-1.01, P=0.06,
Fig. 2¢).

Morbidity and other complications

Results for the other outcomes are summarized in Fig. 3.
The pooled analysis of 13 studies (12,023 patients) dem-
onstrated a higher risk of major vascular complication
with TE-TAVR compared with TA-TAVR (OR=2.85,
95% CI 1.72-4.71, P<0.001, Fig. 3a). Meanwhile, in the
pooled analysis of 17 studies (n=8,967), there was a sig-
nificantly higher incidence of pacemaker implantation
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Fig. 1 PRISMA study selection flow diagram
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Table 2 Publication bias analysis

Study (RCT) Random Allocation Blinding of  Blinding of Incomplete Selective Other bias

sequence concealment  participants outcome outcome data reporting
generation and assessment
personnel

Craig R.Smith  Low Unclear Low Low Low Low Low
(2011)

Study (observa-  Bias due to Bias in selection Biasin meas-  Bias due to Bias due to Bias in meas- Bias in selec- Overall bias
tional) confounding of partici- urement of depar- missing data urement of tion of

pantsintothe  interven- tures from outcomes reported
study tions intended result
interventions

Ayman Elbad-  Serious Serious Low Low Moderate Moderate Low Moderate
awi (2020)

Wilko Reents Serious Low Low Low Moderate Moderate Low Moderate
(2019)

Mohammed Al-  Serious Serious Low Low Moderate Serious Low Serious
Hijji (2019)

Takahide Arai Serious Low Low Low Moderate Moderate Low Moderate
(2016)

Edward Koif- Serious Moderate Low Low Moderate Moderate Low Moderate
man (2016)

Takashi Murash-  Serious Low Low Low Low Moderate Low Moderate
ita (2016)

Martine Gilard  Serious Low Low Low Low Serious Low Moderate
(2016)

Vinod HThou-  Serious Low Low Low Moderate Serious Low Moderate
rani (2016)

Fausto Biancari ~ Serious Moderate Moderate Low Moderate Serious Low Serious
(2015)

Eugene H. Serious Low Low Low Moderate Moderate Low Moderate
Blackstone
(2015)

Gerhard Schy-  Serious Low Low Low Serious Moderate Low Moderate
mik (2015)

Martyn Thomas  Serious Low Moderate Moderate Serious Moderate Low Serious
(2011)

Johan M. Serious Low Moderate Low Serious Serious Low Serious
Bosmansa
(2011)

See Hooi Ewe Serious Moderate Low Low Low Serious Low Moderate
(2011)

Peter Serious Low Moderate Serious Moderate Serious Low Serious
Wenaweser
(2011)

Rafal Dwora- Serious Moderate Moderate Low Serious Moderate Low Moderate
kowski (2011)

Josep Rodés- Serious Low Low Low Low Moderate Low Moderate
Cabau (2010)

Martyn Thomas  Serious Low Low Low Serious Moderate Low Moderate
(2010)

Helene Eltch- Serious Low Low Low Serious Moderate Low Moderate
aninoff (2010)

Nawwar Al- Serious Serious Moderate Low Moderate Moderate Low Serious

Attar (2009)
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Table 3 Test of heterogeneity and publication bias for each outcome

Outcomes Chi-square df P value I square (%) Heterogeneity Publication bias
In-hospital mortality 34.60 19 0.02 45 Low None
T-year mortality 1.84 4 0.77 0 Insignificant None
Mid-term mortality 17.08 3 0.0007 82 High None
Major vascular complication 66.67 12 <0.00001 82 High None
Pacemaker implantation 2792 16 0.03 43 Low None
Major bleeding 5097 10 <0.00001 80 High None
Acute kidney injury 7275 13 <0.00001 82 High None
Length of hospital stay 22.57 7 0.002 69 Moderate None
Stroke 14.01 11 0.23 22 Low None

in the TF-TAVR group (OR=1.31, 95% CI 1.12-1.53,
P <0.001, Fig. 3b).

On the other hand, pooled analyses revealed that TF-
TAVR was associated with lower risk for major bleeding
(11 studies, 11,741patients, OR=0.60, 95% CI 0.41-0.86,
P=0.006, Fig. 3c) and acute kidney injury (14 studies,
12,189 patients, OR=0.41, 95% CI 0.27-0.63, P <0.001,
Fig. 3d), as well as shorter length of hospital stay (8 stud-
ies, 13,457 patients, mean difference=-2.88 days, 95%
CI -3.56 to -2.19, P<0.001, Fig. 3e). Pooled analysis of 12
studies (12,293 patients) demonstrated no statistically
significant difference in the risk of stroke among patients
assigned to TF-TAVR versus TA-TAVR (OR=0.84 95%
CI10.69-1.02, P=0.07, Fig. 3f).

Funnel plots for each outcome are shown in Addi-
tional file 1: Fig. S1. No significant publication biases
were detected. The results of the sensitivity analyses were
consistent with the primary analysis for all the endpoints
(Additional file 1: Table S1).

Discussion

Since its first clinical application in 2002, TAVR has gone
through several generations of evolution and expanded
rapidly to be a nonnegligible alternative to SAVR in
patients with high and intermediate procedural risk.
It is foreseen that the number of TAVR procedures will
continue to increase with the appearance of novel gen-
erations of prosthetic valves and delivery devices, as well
as expanded indications from high-risk and inoperable
elder patients to younger and low-risk patients [35]. In
addition, patients with native aortic valve regurgitation
can also be treated successfully with TAVR with rand-
omized trials under designing aimed to prove its mid
and long-term performance [36, 37]. Minimally inva-
sive surgery is the most attractive merit of TAVR, which
makes TF approach the preferred one, given its less
inherent risk for postoperation complications by avoid-
ing more invasive steps such as mini-thoracotomy and

left ventricular puncture in TA-TAVR. However, despite
the improvement in device profiles and procedure tech-
niques, TF access is faced with technical limitations such
as the sheath size and the prosthetic orifice area, which
cannot be performed in a considerable proportion of
patients. Thus, TA access remained applicable during
these scenario in clinic practice. The attendant problem is
whether these two different approaches have similar per-
formances. Several previous studies have compared the
outcomes of TF-TAVR versus those of TA-TAVR based
on observational studies with relatively early data (before
2014) and small sample size and drew contradictory
results. Panchal et al. reported that 1-year mortality was
similar in both approaches while TF approach resulted in
lower 30-day mortality [38]. Liu et al. concluded a com-
parable result for both 30-day and 1-year mortality [39].
Conversely, Ghatak et al. reported superior 30-day and
mid-term mortality with TF-TAVR [40]. The discrep-
ancy will cause dilemma and confusion for treatment
decisions.

By pooling data from 1 RCT and 18 observational tri-
als, this large sample volume meta-analysis has included
the latest and most comprehensive studies in this area.
The results demonstrated that the mid-term deaths and
stroke incidences were comparable between TF-versus
TA-TAVR, while the number of early deaths (30-day
and 1-year) was smaller with TF approach than with
TA approach. Since there was no obvious difference in
patient risk factors (using STS or EuroSCORE in different
studies) between two approaches, it may be speculated
that the higher early mortality with TA approach could
be related to (i) the physical damage to the myocardium
through direct puncture of the apex, (ii) surgical chest
trauma, and (iii) effects of general anesthesia. TA-TAVR
has been also associated with cardiac biomarkers level
elevation and poorer cardiac function improvement [41].
These perioperative complications appeared to have early
rather than mid to long-term consequences. Therefore,
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A: In-hospital mortality

Transfemoral TAVR  Transapical TAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Nawwar 2009 3 35 4 15 1.0% 0.26 [0.05, 1.34] 2009 ~
Helene 2010 18 161 12 71 2.9% 0.62 [0.28, 1.36] 2010 -
Rafal 2010 4 67 11 84 1.8% 0.42[0.13, 1.39] 2010 s —
Martyn 2010 29 463 29 575 4.7% 1.26 [0.74, 2.14] 2010 -
Josep 2010 16 162 20 167 3.4% 0.81[0.40, 1.62] 2010 T
Johan M 2011 5 99 2 88 0.4% 2.29[0.43,12.10] 2011 I
Peter 2011 11 157 4 43 1.1% 0.73[0.22, 2.43] 2011 e —
Craig R 2011 9 492 4 207 1.1% 0.95[0.29, 3.11] 2011 _—
See 2011 2 45 2 59 0.3% 1.33[0.18,9.79] 2011
Fausto 2015 8 199 16 199 3.0% 0.48 [0.20, 1.15] 2015 —
Gerhard 2015 30 354 21 354 3.7% 1.47[0.82, 2.62] 2015 T
Eugene H 2015 14 501 31 501 5.8% 0.44[0.23, 0.83] 2015 —_—
Takahide 2016 26 467 6 42 2.0% 0.35[0.14, 0.92] 2016 e
Edward 2016 38 516 22 132 6.3% 0.40 [0.23, 0.70] 2016 —_—
Takashi 2016 13 351 7 216 1.6% 1.15 [0.45, 2.92] 2016 I
Vinod H 2016 10 948 2 126 0.7% 0.66 [0.14, 3.05] 2016 S E—
Martine 2017 236 3064 108 735  31.0% 0.48 [0.38, 0.62] 2017 -
Wilko R 2019 30 619 34 511 6.8% 0.71[0.43, 1.18] 2019 T
Mohammed A 2019 2 115 2 115 0.4% 1.00 [0.14, 7.22] 2019
Ayman E 2020 95 2718 119 2719  22.1% 0.79[0.60, 1.04] 2020 i
Total (95% CI) 11533 6959 100.0% 0.67 [0.59, 0.77] ¢
Total events 599 456

v i2 .12 ! } 1 1

Heterogeneity: Chi* = 34.60, df = 19 (P = 0.02); I> = 45% o1 o 0 100

Test for overall effect: Z = 5.86 (P < 0.00001) TF-TAVR TA-TAVR

B: 1-year mortality

Transfemoral TAVR  Transapical TAVR Odds Ratio Odds Ratio
udy o ubgroug a a eigh ixed, 95% ea M-H, Fixed, 95%
Nawwar 2009 7 35 6 15  4.8% 0.38 [0.10, 1.41] 2009
Johan M 2011 17 99 25 88 15.5% 0.52[0.26, 1.05] 2011 ]
Craig R 2011 51 240 30 104  23.4% 0.67[0.39, 1.13] 2011 =
Edward 2016 93 516 38 132 35.2% 0.54 [0.35, 0.84] 2016 &
Vinod H 2016 61 958 18 126 21.1% 0.411[0.23, 0.72] 2016 "
Total (95% CI) 1848 465 100.0% 0.53 [0.41, 0.69] L 2
Total events 229 117
ity Chi2 = - - L2 =09 ; t t {
oo for avera afect 2 470 (< 000007 oot e
est for overall effect: Z = 4.70 ( . ) TE-TAVR TA-TAVR
C: Mid-term mortality
Transfemoral TAVR  Transapical TAVR Odds Ratio Odds Ratio
r r Even Total Even Total Weight IV, Random % Cl Year 1V, Random, 95% CI
Eugene H 2015 19 501 50 501 19.9% 0.36 [0.21, 0.61] 2015 "
Fausto 2015 62 199 86 199 23.8% 0.59[0.39, 0.90] 2015 "
Gerhard 2015 103 354 89 354  26.0% 1.22[0.88, 1.70] 2015 ™
Martine 2017 1394 3064 398 735 30.3% 0.71[0.60, 0.83] 2017 =
Total (95% Cl) 4118 1789 100.0% 0.68 [0.46, 1.01] L 4
Total events 1578 623
ity 2 — . i2 = = = S22 = 0, F T T 1
Heterogeneity: Tau? = 0.13; Chi2 = 17.08, df = 3 (P = 0.0007); |2 = 82% 0.01 01 1 10 100

Test for overall effect: Z = 1.89 (P = 0.06) TE-TAVR TA-TAVR

Fig. 2 Forest plot of direct comparison meta-analysis of postoperative mortality rate between TF-TAVR versus TA-TAVR: a in-hospital mortality
evaluated by M-H fixed-effect model; b 1-year mortality evaluated by M—H fixed-effect model; ¢ mid-term mortality evaluated IV random-effects
model. TF: transfemoral; TA: transapical; TAVR: transcatheter aortic valve replacement; OR, odds ratio; Cl, confidence interval; H-M, Mantel-Haenszel;
|V, inverse variance

performance of patients in TA group surviving beyond The postoperative complications requiring special
the early postoperative convalescence would gradually attention during the early convalescence in patients with
catch up with those in TF group. TA-TAVR are acute kidney injury and major bleeding

events since they present significantly higher occurrences
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(See figure on next page.)

Fig. 3 Forest plot of direct comparison meta-analysis of postoperative event rate between TF-TAVR versus TA-TAVR: a major vascular complication
evaluated by IV random-effect model; b pacemaker implantation evaluated by M—H fixed-effect model; ¢ major bleeding by IV random-effect
model. TF: transfemoral; TA: transapical; TAVR: transcatheter aortic valve. d acute kidney injury evaluated by IV random-effect model; e length

of hospital stay evaluated by IV random-effect model; f stroke evaluated by M—H fixed-effect model. TF: transfemoral; TA: transapical; TAVR:
transcatheter aortic valve replacement; OR, odds ratio; Cl, confidence interval; H-M, Mantel-Haenszel; IV, inverse variance

than those in TF group. Worth noting, these two com-
plications had previously been identified as predictors of
adverse outcome including mortality and longer hospital
stay following TAVR [42, 43]. Postoperative renal dys-
function is not uncommon in TAVR patients due to the
side-effect of contrast media and inadequate renal perfu-
sion during the hemodynamic alterations during the pro-
cedure. Moreover, the high incidence of AKI in TA-TAVR
patients can also be ascribed to the transfusion for there
were more major bleeding events in TA group. Transfu-
sion has been proved to be an independent predictor of
AKI as it is associated with the coadministration of some
other causative molecular and cellular substances caus-
ing kidney injury, such as interleukin-8 which typically
accumulates in stored packed red cells [44]. So it is rea-
sonable to emphasize the importance of close monitoring
of perioperative renal function, as well as a strict surgical
discipline in the execution of TA-TAVR by—among oth-
ers—strict control of hemostasis, especially the puncture
site on heart.

Despite accumulated experiences and meticulous
efforts to redesign the transcatheter prosthesis and sheath
(smallest sheath size has been reduced to 14 Fr or equiva-
lent nowadays), vascular complications and conduction
abnormalities were increasingly observed with TF-TAVR.
Consistently, higher incidence of vascular complications
may reflect the inherent defect of TF approach. Recent
echo-guided puncture and closure devices had emerged
to ensure proper entry and hemostasis of the femoral
artery. However, vascular complications may be inevita-
ble in patients with poor arterial condition and the key
for prevention is a comprehensive preoperative assess-
ment and proper patient selection. On the other hand, the
higher incidence of pacemaker implantation in TE-TAVR
patients may lead to adverse clinical sequelae on their
long-term outcomes through the loss of atrioventricular
synchrony, lack of physiological rate control, and unphys-
iological right ventricular stimulation. The mechanism
of conduction tissue injury is speculated to be due to the
mechanical pressure from metal struts. Some researchers
suggested that the likelihood of pacemaker implantation
differs according to valve design (significantly higher with
self-expandable valves, marginally elevated with balloon-
expandable valves) [45, 46]. The higher rate of pacemaker
implantation in TF-TAVR patients may be associated
with the position difficulty and repeated attempts during

the angiographic deployment. Hence, further technical
refinements in valve and sheath design as well as precise
image-guided puncture and positioning are warranted to
improve the performance of TF-TAVR given the signifi-
cant impact of conduction abnormalities and major vas-
cular complications.

Several limitations to the current meta-analysis need to
be acknowledged. The baseline characteristics between
the two approaches could not be compared entirely,
attributed to the inherent nature of the meta-analysis.
The use of various type and generations of prostheses
in these studies may limit the validity of the findings in
the current meta-analysis, since there are certain, albeit
minor, differences in different TAVR prostheses. Part
of these trials were small volumes with limited data to
assess outcomes, thus some of these studies may have
been underpowered. The overall follow-up period was
short to intermediate, that is why some other crucial out-
comes such as durability of the prostheses is not investi-
gated. Because of the unavailability of combined MACCE
outcomes data in the original studies, we were unable to
include them in our analysis. Finally, the data analyzed
in this study are mainly observational and with only
one randomized concerning transfemoral and transapi-
cal access, leading to an indication bias. However, in the
shortage of randomized data, the findings of our analy-
sis can further advise the practice of TAVR clinicians and
influence future studies. In the future, more randomized
controlled trials and comprehensive registries with
longer follow-up (>5-year) will help us to better define
the safety and durability, and subsequently, indications of
the technique, and the respective places of transfemoral
and transapical approaches.

Conclusions

Nowadays, not only elder patients at very high surgical
risk or with contraindications to SAVR, but also younger
and low-risk patients with aortic valve disease will ben-
efit from TAVR, The availability of both transfemoral
and transapical approaches can increase the number of
patients who can be treated. In our analysis, the mid-
term mortality and risk of stroke are similar with TA- and
TE-TAVR. TE-TAVR has significantly less early mortality,
but with a higher incidence of major vascular complica-
tions and pacemaker implantation. On the other hand,
TA-TAVR is associated with a significant increase in the
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A: Major vascular complication
Transfemoral TAVR

Odds Ratio

0Odds Ratio

Study or Subgroup Events Total __Events Total Weight IV, Random, 95% Cl_Year 1V, Random, 95% CI
Nawwar 2009 4 35 2 15 4.5%  0.84[0.14,5.16] 2009 —
Rafal 2010 73 351 9 216 8.8%  6.04[2.95,12.35] 2010
Martyn 2010 106 463 27 575  9.9%  6.03[3.87,9.39] 2010 —_
Josep 2010 22 162 23 177 9.2%  1.05[0.56, 1.97] 2010 —1
Helene 2010 11 161 4 71 6.7%  1.23[0.38,4.00] 2010 R A
Peter 2011 24 157 3 43 6.4%  2.41[0.69, 8.41] 2011 -+
Craig R 2011 34 492 4 207 7.3% 3.77(1.32,10.76] 2011 —_—
Gerhard 2015 55 354 9 354 8.8%  7.05(3.43, 14.51] 2015 —_—
Fausto 2015 14 199 2 199 5.5%  7.45[1.67,33.24] 2015 _—
Takashi 2016 11 67 2 84  53% 8.05[1.72,37.74] 2016 _—
Vinod H 2016 60 948 5 126 7.8%  1.64[0.64, 4.15] 2016 -
Wilko R 2019 57 619 48 511 10.0%  0.98 [0.65, 1.46] 2019 -1
Ayman E 2020 79 2718 24 2719 9.8%  3.36[2.12,5.32] 2020 —
Total (95% CI) 6726 5297 100.0%  2.85[1.72,4.71] -
Total events 550
Heterogeneity: Tau? = 0.62; Chi? = 66.67, df = 12 (P < 0.00001); I* = 82% 0.01 1 1 100
Test for overall effect: Z = 4.08 (P < 0.0001) : " TF-TAVR  TA-TAVR
B: Pacemaker implantation
Transfemoral TAVR  Transapical TAVR ©Odds Ratio Odds Ratio
Study or Subgroup Events Total _Events __ Total Weight M-H, Fixed, 95% CI__Year M-H, Fixed, 95% CI
Nawwar 2009 1 35 T 15 0.5% 0.41 [0.02, 7.05] 2009 F———
Josep 2010 6 162 11 177 3.6%  0.58[0.21, 1.61] 2010
Martyn 2010 31 463 a2 575 12.6%  0.91[0.56,1.47] 2010
Helene 2010 22 161 a 71 17%  2.65[0.88, 8.00] 2010
Johan M 2011 a 29 s 85  1.9%  0.67[0.17,2.59] 2011
See 2011 2 as 2 59 0.6%  1.33[0.18,9.79] 2011
Peter 2011 35 130 3 27 1.3% 2.95(0.83,10.40] 2011
Craig R 2011 11 492 a 207 2.0%  1.16[0.37,3.69] 2011
Eugene H 2015 25 501 29 501 9.9% 0.85 [0.49, 1.48] 2015
Fausto 2015 26 199 17 199 5.3% 1.61 [0.84, 3.07] 2015
Gerhard 2015 58 354 a1 354 12.3% 1.50 [0.97, 2.30] 2015
Edward 2016 as 516 H 132 6%  2.43[0.94,6.24] 2016
Takahide 2016 72 a67 3 a2 17%  2.3710.71,7.87] 2016
Vinod H 2016 99 948 9 126 5.1% 1.52 [0.75, 3.08] 2016
Takashi 2016 61 288 16 177 5.6%  2.70[1.50,4.86] 2016
ohammed A 2019 20 115 9 115 2.7%  2.48[1.08,5.71] 2019
Wilko R 2019 108 610 94 511 30.6%  0.94[0.69,1.27] 2019
Total (95% C 5594 3373 100.0%  1.31[L12, 1.53] -
Total events 626 29
Heterogeneity: Chi? = 27.92, df = 16 (P = 0.03); I* = 43%
Test for overall effect: Z = 3.33 (P = 0.0009) O avours fexperimentall ' Favours [controll 100
C: Major bleeding
Transfemoral TAVR  Transapical TAVR 0Odds Ratio Odds Ratio
Study or Subgroup Total __ Events Total Weight IV, Random, 95% CI__Year 1V, Random, 95% CI
Craig R 2011 26 492 9 207 8.7% 1.23 [0.56, 2.67] 2011 T
See 2011 3 45 9 59 4.8%  0.40[0.10, 1.56] 2011 —
Peter 2011 50 157 21 43 9.6%  0.49[0.25,0.97] 2011 —
Gerhard 2015 25 354 20 354 10.3% 1.27 [0.69, 2.33] 2015 T
Eugene H 2015 24 501 36 501 11.0% 0.65 [0.38, 1.11] 2015 7
Vinod H 2016 112 948 47 126 12.1% 0.23 [0.15, 0.34] 2016 —_—
Edward 2016 29 516 19 132 10.2% 0.35 [0.19, 0.65] 2016 —_—
Takahide 2016 12 467 3 42 5.1%  0.34[0.09,1.27] 2016 —_—
Wilko R 2019 as 619 38 511  11.8%  0.98[0.62, 1.53] 2019 —
Mohammed A 2019 1 115 3 115 2.2% 0.33 [0.03, 3.20] 2019 —
Ayman E 2020 974 2718 1106 2719 14.1% 0.81[0.73, 0.91] 2020 -
Total (95% CI) 6932 4809 100.0% 0.60 [0.41, 0.86] -
Total events 1301 1311
Heterogeneity: Tau? = 0.25; Chi? = 50.97, df = 10 (P < 0.00001); I = 80%
Test for overall effect: Z = 2.75 (P = 0.006) 0-01 O TavR TA-TAVR C 100
D: Acute kidney injury
Transfemoral TAVR Transapical TAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total _Events Total Weight IV, Random, 95% CI _Year 1V, Random, 95% ClI
Josep 2010 3 162 c 177 5.1%  0.54[0.13,2.19] 2010 —
Martyn 2010 463 a1 575  8.0%  0.17[0.07,0.41] 2010
Rafal 2010 15 67 35 84 9.0% 0.40 [0.20, 0.83] 2010 —_—
Helene 2010 2 161 2 71 3.2% 0.43 [0.06, 3.14] 2010 —
Craig R 2011 3 492 o 207 1.7%  2.97 [0.15, 57.70] 2011 ——
Johan M 2011 2 99 8 88 4.4% 0.21 [0.04, 1.00] 2011 e |
Peter 2011 3 130 o 27 1.7% 1.51 [0.08, 30.07] 2011 —
Fausto 2015 96 199 66 199 11.0%  1.88(1.25,2.82] 2015 —_
Gerhard 2015 74 354 126 354 11.4%  0.48(0.34,0.67] 2015 —_
Edward 2016 6 516 9 132 6.9% 0.16 [0.06, 0.46] 2016 —_—
Takahide 2016 21 467 13 42 8.5% 0.11 [0.05, 0.23] 2016 —_—
Takashi 2016 7 345 9 211 7.2% 0.46 [0.17, 1.27] 2016 —_—
Wilko R 2019 16 619 37 511 9.8% 0.34 [0.19, 0.62] 2019 —_—
Ayman E 2020 483 2718 720 2719 12.1% 0.60 [0.53, 0.68] 2020 -
Total (95% CI) 6792 5397 100.0% 0.41 [0.27, 0.63] -
Total events 1072
Heterogeneity: Tau? = 0.37; Chi* = 72.75, df = 13 (P < 0.00001); I* = 82%
Test for overall effect: Z = 4.15 (P < 0.0001) o-01 O e TAVR TA-TAVR C 100
E: Length of hospital stay
Transfemoral TAVR Transapical TAVR Mean Difference Mean fference
Study or Subgroup Mean Total Mean SD__Total Weight IV, Random, 95% CI _Year 1V, Random, 95% CI
Nawwar 2009 15 6 35 19 10 15 1.5% -4.00 [-9.44, 1.44] 2009 —
Fausto 2015 2.8 3.4 199 4 10.4 199 10.5% -1.20 [-2.72, 0.32] 2015 T
Eugene H 2015 s 8 501 8 42 501 16.9% -3.00[-3.79, 2015 -
Vinod H 2016 5 5.2 948 9.3 7.7 126 11.5% -4.30[-5.68, 2016 e
Takashi 2016 5.1 4.1 351 7.5 6.6 216 15.1% -2.40 [-3.38, 2016 —
Martine 2017 10.6 10.6 3064 14.1 16.2 735 12.8% -3.50 [-4.73, .. 2017 —_
Wilko R 2019 12 9 619 16 14 511 11.4% -4.00 [-5.41, -2.59] 2019 I
Ayman E 2020 7.78 6.77 2718 9.87 7.43 2719 20.4% -2.09 [-2.47, -1.71] 2020 -
Total (95% CI) 8435 5022 100.0% -2.88 [-3.56, -2.19] >
Heterogeneity au? = 0.56; Chi’ = 22.57, df = 7 (P = 0.002); I* = 69% o - 0
Test for overall effect: Z = 8.24 (P < 0.00001) TF-TAVR TA-TAVR
F: stroke
Transfemoral TAVR Transapical TAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total __ Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
Nawwar 200! 2 3 o 15 0.3% 2.31[0.10, 51.12] 2009 7
Rafal 2010 5 67 a 84 1.4%  1.61[0.42,6.26] 2010 —
Martyn 2010 11 463 16 575 6.1% 0.85 [0.39, 1.85] 2010 T
Craig R 2011 8 492 8 207 4.8% 0.41 [0.15, 1.11] 2011 e —
Peter 2011 6 130 o 27 0.3% 2.87[0.16, 52.50] 2011 | —
Eugene H 2015 16 501 14 501 5.9%  1.15(0.55,2.38] 2015 —
Fausto 2015 22 199 23 199 89%  0.95[0.51,1.77] 2015 —
Vinod H 2016 16 948 8 126 6.1%  0.25[0.11,0.60] 2016 _—
Edward 2016 23 516 7 132 4.6%  0.83[0.35, 1.99] 2016 —
Takahide 2016 7 467 2 42 1.6% 0.30 [0.06, 1.51] 2016
Wilko R 2019 10 619 1 511 5.6% 0.68 [0.29, 1.59] 2019 —_—
Ayman E 2020 115 2718 130 2719 54.3% 0.88 [0.68, 1.14] 2020 -
Total (95% CI) 7155 5138 100.0% 0.84 [0.69, 1.02] *
Total events 241 224
Heterogeneity: Chi? = 14.01, df = 11 (P = 0.23); I = 22% 501 100

Test for overall effect: Z = 1.81 (P = 0.07)

Fig. 3 (See legend on previous page.)
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risk of major bleeding, AKI, and has a longer length of
hospitalization. Hereby, both TA and TF are effective
approaches with satisfactory short to mid-term outcomes
for patients need TAVR treatment. However, it is reason-
able to make the approach choice based on detailed indi-
vidualized evaluation and the experience of local heart
teams.
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