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Up to a quarter of vascular complications during transcatheter aortic valve implantation
(TAVI) result from secondary access via the femoral artery (FA). The radial artery (RA)
is increasingly used as an alternative to the FA for secondary access in TAVI. Limited
data exist on the outcomes of RA secondary access versus FA secondary access. We there-
fore conducted a systematic review and meta-analysis comparing secondary access sites.
PubMed, EMBASE, Scopus, Cochrane library and CINAHL were searched systematically
for studies comparing RA and FA as secondary access sites for TAVI. Primary outcomes
of interest were vascular complications and major bleeding. Secondary outcomes included
all-cause mortality, stroke and myocardial infarction (MI). Risk ratio (RR), standardized
mean difference and corresponding 95% confidence intervals (CI) were calculated using a
random effects model. Six observational studies comprising 6,373 patients (RA: 1,514, FA:
4,859) met inclusion criteria. Secondary access was utilized for aortography during valve
deployment and to manage primary access site complications. Procedural characteristics
were similar in both groups. RA was associated with a lower risk of major bleeding (RR:
0.51, 95% CI: 0.40 to 0.64, p <0.00001). No statistically significant difference was observed
in the incidence of overall vascular complications, however, the risk of major vascular
complications was lower with RA (RR: 0.45, 95% CI: 0.32 to 0.63, p <0.00001). The inci-
dence of stroke and all-cause mortality was lower in RA, whereas no difference was
observed in the risk of MI. In conclusion, our meta-analysis suggests that RA secondary
access is associated with better outcomes for TAVI than FA. © 2020 Elsevier Inc. All
rights reserved. (Am J Cardiol 2020;131:74−81)
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Global utilization of transcatheter aortic valve implanta-
tion (TAVI) for severe aortic stenosis has steadily increased
over the last decade.1,2 Based on the results of 2 landmark
clinical trials, the US Food and Drug Administration (FDA)
recently expanded indications for TAVI to include patients
with severe aortic stenosis and low surgical risk.3,4 With
improved patient selection, technological advancements
and increasing operator experience, mortality associated
with TAVI has decreased.5 However, procedural complica-
tions remain common and are associated with increased 1-
year mortality and poor quality of life among survivors.6

The incidence of major vascular complications associated
with TAVI is reported between 4.2% to 14.3%.7,8 A quarter
of these vascular complications may be related to the sec-
ondary arterial access site.9 Traditionally, the contralateral
femoral artery (FA) has been used for secondary access in
transfemoral TAVI to facilitate angiographic guidance for
primary access, aortography during valve deployment and
management of complications at the primary access site.
The radial artery (RA) has emerged as a safe alternative to
the FA for access for percutaneous coronary intervention
(PCI) in acute coronary syndromes with lower incidence of
major bleeding and major vascular complications.10 How-
ever, data are limited regarding utilization of the RA as a
secondary access site for TAVI. We therefore performed a
systematic review and meta-analysis to compare RA versus
FA secondary access in patients undergoing TAVI.
Methods

Systematic review and meta-analysis were performed
according to the PRISMA (preferred reporting items for
systematic reviews and meta-analysis) guidelines.11 A sys-
tematic search without any language restriction was per-
formed in Medline, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), the Excerpta Medica
database (EMBASE), the Cochrane Library database and
Scopus from inception to March 15, 2020 for studies com-
paring RA and FA as secondary access in patients undergo-
ing TAVI. The reference lists of original studies and
relevant review articles were further reviewed to obtain
additional studies. A varied combination of the following
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keywords was used in the search strategy: radial, transra-
dial, secondary access, alternate access, TAVI, TAVR,
transcatheter aortic valve implantation and transcatheter
aortic valve replacement. We did not use the terms femoral
or transfemoral because FA has been the standard access
site, so all studies comparing FA and RA would include
radial keywords.

Studies were selected for analysis if they met the fol-
lowing prespecified inclusion criteria: (1) patients under-
went TAVI utilizing any primary access approach (i.e.,
transfemoral, transapical, transcarotid, direct aortic
access and so on), (2) studies compared RA and FA for
secondary vascular access, and (3) procedural outcomes
were compared between the 2 secondary access sites
including vascular complications and major bleeding.
Studies were excluded if: (1) only abstracts were avail-
able without full text publication and (2) data comparing
outcomes between RA and FA for secondary access
were unavailable.

Two investigators (AJ and DRA) independently per-
formed literature searches, screened studies for eligibility
and extracted data using a standardized data collection
form. Any differences in the included studies and collected
data were resolved through consensus among the authors.
Data on study characteristics, baseline characteristics of the
included patients, procedural characteristics and clinical
outcomes were collected.
Figure 1. Flow diagram of the search strategy. (CINAHL = cumulative index to

MeSH =medical subject headings).
Our primary outcomes of interest were vascular compli-
cations and major bleeding. Secondary outcomes included
all-cause mortality, stroke, myocardial infarction, proce-
dural duration, fluoroscopy time, radiation dose, and con-
trast volume used.

The meta-analysis was performed using Review Man-
ager (RevMan), Version 5.3. (Copenhagen: The Nordic
Cochrane Center, The Cochrane Collaboration). Due to het-
erogeneity in the methodologies of the included studies, the
risk ratios (RR) and 95% confidence intervals (CIs) were
calculated using the random effects Mantel-Haenszel
method for dichotomous variables. Standardized mean dif-
ferences (SMD) and corresponding 95% CIs were reported
for continuous variables. Heterogeneity was assessed using
Higgins’ and Thompson’s I2 statistics, with I2 values of
<25%, 25%-75%, and >75% corresponding to low, moder-
ate and high levels of heterogeneity, respectively. Publica-
tion bias was estimated by visual inspection of the funnel
plots. A 2-sided p value of <0.05 was considered statisti-
cally significant for all analyses.
Results

A total of 705 records were initially identified. After
removing duplicates and studies that did not meet inclusion
criteria, 6 observational studies were included in the quanti-
tative analysis (Figure 1). The meta-analysis included 6,373
nursing and allied health literature, EMBASE = Excerpta Medica database,
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patients: 1,514 patients underwent TAVI using the RA and
4,859 using the FA as the secondary access site.9,12−16 Five
studies were single-center retrospective studies, 4 were con-
ducted in Europe and 1 in Canada. One was a multicenter
study conducted across Canada and Europe.16 Study quality
assessment was performed using the Newcastle-Ottawa
scale for observational studies (Supplementary Table 1).

FA was the only primary access site in 4 of the 6
studies while other alternate primary access approaches
were commonly employed in 2 studies (Table 1). The
secondary access site was used to guide primary femoral
access under angiography, manage primary access site
complications and for aortography during valve deploy-
ment. Primary access site hemostasis was obtained using
a vascular closure device in 4 studies and with surgical
cutdown in 1 study. One study reported the use of both
methods for primary access site hemostasis. The mean
age of the study populations ranged from 80 to
84.9 years, and 49% were males (Supplementary Table
2). The prevalence of hypertension (HTN) and diabetes
mellitus (DM) were 71% and 31% respectively. Mean
Society of Thoracic Surgeons Predicted Risk of Mortal-
ity (STS-PROM) score was comparable between the 2
groups (6.0 § 1.3 for RA vs 6.5 § 1.9 for FA,
p = 0.68). Procedural success rate was 95.6% with RA
and 95.8% with FA secondary access (p = 0.95). A trend
towards improvement in procedural success rate was
seen with more recent studies. All included studies
reported clinical outcomes as defined by the Valve Aca-
demic Research Consortium (VARC) and VARC-2 crite-
ria at 30 days.17

The incidence of overall vascular complications (includ-
ing both primary and secondary access) was lower with RA
as compared with FA secondary access, however this differ-
ence was not statistically significant (15.6% vs 18.4%, RR
0.89, 95% CI 0.64 to 1.23, p = 0.47, Figure 2), and hetero-
geneity was moderate (I2 = 60%). The incidence of major
bleeding was significantly lower with RA compared with
FA secondary access (5.3% vs 10.7%, RR 0.51, 95% CI
0.40 to 0.64, p <0.00001), and heterogeneity was low
(I2 = 0%).

RA was associated with a significantly lower all-cause
mortality compared with FA (2.6% vs 4.9%, RR 0.56, 95%
CI 0.40 to 0.79, p = 0.0009, Figure 3), and heterogeneity
was low (I2 = 0%). Moreover, the incidence of stroke was
lower in the RA as compared with FA group (1.3% vs
3.3%, RR 0.43, 95% CI 0.27 to 0.67, p = 0.0003), and het-
erogeneity was low (I2 = 0%). Data on MI were reported in
3 studies, and no statistically significant difference was
observed (0.8% vs 1.9%, RR 0.60, 95% CI 0.16 to 2.23,
p = 0.44).

Data on procedural outcomes were available in 4 studies.
No difference was observed in the volume of contrast used
(SMD 0.33, 95% CI �0.27 to 0.94, p = 0.28), fluoroscopy
time (SMD 0.18, 95% CI �0.19 to 0.54, p = 0.34) and radi-
ation dose (SMD 0.08, 95% CI �0.45 to 0.60, p = 0.78),
Figure 4. Five out of the 6 studies stratified the access-site
related vascular complications based on severity (major and
minor). Subgroup analysis showed that incidence of major
vascular complications was lower in RA than FA (2.7% vs
6.4%, RR 0.45, 95% CI 0.32 to 0.63, p <0.00001). No

www.ajconline.org


Figure 2. Co-primary outcomes of vascular complications and major bleeding in TAVI patients using RA versus FA for secondary access.
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significant difference was seen in the incidence of minor
vascular complications (11.2% vs 11.3%, respectively, RR
0.99, 95% CI 0.65 to 1.50, p = 0.97, Figure 5).

A sensitivity analysis was performed by removing one
study at a time and studying the impact on primary out-
comes (vascular complications and major bleeding). No
significant difference was noted on the effect measure (Sup-
plementary Figures 1 and 2). The meta-analysis included a
small number of studies, and visual inspection of the funnel
plots did not suggest publication bias for the primary out-
comes (Supplementary Figure 3).
Discussion

In this meta-analysis of 6 studies including 6,373
patients, we found that RA secondary access was associated
with a 49% reduction in major bleeding events as compared
with FA secondary access for TAVI at 30 days. No signifi-
cant difference was observed in the incidence of overall
vascular complications, however RA was associated with a
55% reduction in major vascular complications in a sub-
group analysis. RA secondary access was also associated
with a 44% lower risk of all-cause mortality and a 71%
lower risk of stroke. No significant difference was observed
in procedural characteristics including contrast volume,
fluoroscopy time and radiation dose.

Vascular complications and bleeding represent major
sources of morbidity and mortality associated with TAVI.
In a meta-analysis of 16 studies including 3,519 patients,
the pooled incidence of major bleeding and overall vascular
complications was 22.3% and 18.8% respectively using
standardized VARC definitions.18 A more recent study
from the transcatheter valve therapy registry involving
26,414 TAVI procedures across 348 centers in United
States showed an improvement in incidence of major bleed-
ing from 5.5% in 2012-2013 to 4.2% in 2014. Rates of vas-
cular complications improved from 5.6% to 4.2% during
the same time period.5 Such complications are associated
with a lower rate of long-term survival. An analysis of
patients enrolled in the PARTNER 2 study found that major
bleeding within 30 days following TAVI was associated
with a 46% higher odds of mortality at 1 year.6 Another
study including 45,884 TAVI patients in the transcatheter
valve therapy registry found that 30-day bleeding was inde-
pendently associated with increased risk of death within 3
months.19 The majority of bleeding events associated with
TAVI result from vascular complications.20 Female gender,
use of large diameter arterial sheaths, pelvic vessel tortuos-
ity, coronary artery disease and a higher sheath-to-femoral
artery diameter ratio have been identified as some of the
predictors of vascular complications following transfemoral
TAVI.21−23

Radial access has gained popularity as a safe and effec-
tive route for PCI. A meta-analysis of 24 randomized clini-
cal trials showed that RA access for PCI was associated
with a significantly lower risk of all-cause mortality, major
adverse cardiac events, major bleeding and major vascular
complications as compared with FA access.10 Thus, RA
may be reasonable for secondary access in TAVI to reduce
complication rates. The incidence of major vascular com-
plications was significantly lower in the RA group in our
analysis, which may in part be due to lower incidence of
vascular complications involving the radial secondary
access site since 5 out of the 6 studies (Allende et al, Fer-
nandez Lopez et al, Jackson et al, Lef�evre et al and Jun-
quera et al) reported no major vascular complications at all



Figure 3. Secondary outcomes of all-cause mortality, stroke and myocardial infarction in TAVI patients using RA versus FA for secondary access.
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occurring at RA that was used for secondary access.9,13−16

Major bleeding events were stratified based on the access
site (primary vs secondary access) in 2 of the 6 studies
(Allende et al and Junqueara et al). Interestingly, no major
bleeding event was reported in relation to the RA secondary
access site in both of the studies.

Secondary arterial access is not only useful for aortogra-
phy to identify the annular plane during valve deployment
but can also be used to guide primary access and to manage
access site complications. Both angiography from the RA
or contralateral FA can identify the appropriate primary
access site relative to the FA bifurcation. Moreover, to min-
imize the risk of bleeding, the cross-over technique with
balloon occlusion from the contralateral FA access site
proximal to the primary access site prior to vascular sheath
removal has been replicated via the RA with similar
results.12,24 In case of complications such as ongoing bleed-
ing or occlusive femoral dissection, angioplasty may read-
ily be performed from the RA as an alternative to the FA.25
However, femoral intervention from the RA requires spe-
cialized instruments including longer wires and stents and
balloons with longer shafts, which may not be readily avail-
able in all TAVI centers.26

Our analysis also identified a significantly lower inci-
dence of stroke in the RA group. Historically, no such
difference has been documented in the PCI literature.27

In TAVI, the RA is frequently used for deployment of
embolic protection devices (EPDs); however the efficacy
of EPDs in prevention of clinical stroke has not been
demonstrated in multiple clinical trials.28,29 Data on use
of EPDs in the included studies was not available, and
the mechanism of benefit of RA in stroke reduction
remains unclear.

Although the findings of our analysis are significant,
they must be interpreted with caution, and several limita-
tions require consideration. First, all 6 studies included in
the analysis were retrospective observational studies and
not randomized, thus introducing the risk of selection bias.

www.ajconline.org


Figure 4. Procedural characteristics including contrast volume, fluoroscopy time and radiation dose in TAVI patients using RA versus FA for secondary

access.

Figure 5. Subgroup analysis of vascular complications based on severity (major and minor) in TAVI patients using RA versus FA for secondary access.
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Second, though the definition of end points was standard-
ized between studies, information regarding access and
nonaccess related major bleeding was not readily available,
so it is unclear as to what percentage of major bleeding was
attributable to vascular complications. Third, data regarding
crossover balloon protection from secondary access sites
was unavailable in the studies. Fourth, 2 of the 6 studies
included nontransfemoral TAVI procedures, and these
patients may have had higher rates of ileofemoral peripheral
artery disease. Finally, an inherent limitation of any meta-
analysis is publication bias.

In conclusion, among patients undergoing TAVI, the use
of secondary radial access is associated with favorable out-
comes as compared with femoral access, resulting in signifi-
cantly lower rates of major bleeding, major vascular
complications, all-cause mortality, and stroke.
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