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ABSTRACT
ISS
BACKGROUND Transradial secondary access (TR-SA) may serve as an alternative to the traditional femoral secondary

access (TF-SA) for pigtail placement in transcatheter aortic valve replacement (TAVR).

OBJECTIVES The aim of this study was to assess the incidence of secondary access–related vascular complications after

TR-SA or TF-SA in TAVR.

METHODS The PULSE (Plug or sUture based vascuLar cloSurE after TAVR) registry retrospectively evaluated data of

10,120 patients who underwent transfemoral TAVR at 10 heart centers from 2016 to 2021. We compared TR-SA and TF-

SA groups of 8,851 patients with available data regarding the secondary access location and validated observed data in

1:1 propensity score matching. Outcomes were evaluated according to Valve Academic Research Consortium 3 definitions.

RESULTS The median age was 82.0 � 6.9 years, and 49.1% (4,346/8,851) of patients were female. TR-SA was selected

in 1,686 patients (19.0%) and TF-SA in 7,165 (81.0%) overall. Vascular complications at the secondary access occurred in

0.3% (5/1,686 [TR-SA]) vs 3.2% (232/7,165 [TF-SA]; P < 0.001) and were considered major in 0.2% (3/1,686 [TR-SA]) vs

1.5% (109/7,165 [TF-SA]) and minor in 0.1% (2/1,686 [TR-SA]) vs 1.7% (123/7,165 [TF-SA]; P < 0.001 for both). Surgical

repair was required in 0 TR-SA patients and in 0.9% (66/7,165) of TF-SA patients. Primary access vascular complications

were similar (11.6% (196/1,686 [TR-SA]) vs 11.5% (825/7,165 [TF-SA]); P ¼ 0.93); bleeding type III/IV occurred less with

TR-SA (2.5% [42/1,686] vs 4.7% [334/7,165] with TF-SA; P < 0.001). After propensity score matching, secondary

access–related vascular complication rates remained lower for TR-SA (0.2% [1/512] vs 2.9% [15/512] for TF-SA;

P < 0.001).

CONCLUSIONS During transfemoral TAVR, TR-SA was associated with lower rates of access site complications

and severe bleeding compared to TF-SA. In fact, secondary access–related complications were 10� higher for

TF-SA and frequently required invasive treatments. These findings challenge the fact that most TAVR procedures

are still performed with TF-SA. (JACC Cardiovasc Interv. 2024;17:2923–2932) © 2024 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
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T ranscatheter aortic valve replace-
ment (TAVR) has become the
preferred treatment for most pa-

tients with severe symptomatic aortic steno-
sis.1 The transfemoral route is most
commonly used in the procedure because of
low complication rates compared with alter-
native accesses.2 In addition to the primary
large-bore access for the delivery of trans-
catheter heart valves (THVs), a secondary ac-
cess is used for pigtail placement and aortic
root angiography to guide implantation.
This secondary access is most frequently ac-
quired via a second transfemoral puncture.3

Available data suggest that the secondary ac-
cess can be linked to access-related vascular
complications during TAVR.4 Also, it is well
established that vascular complications are
associated with impaired outcome after the
procedure.5-8 Radial access has become the primary
choice for percutaneous coronary intervention
because of low complication rates; therefore, a radial
approach may serve as a potentially safer alternative
to the traditional femoral strategy for the secondary
access in TAVR.9 Because of the paucity of large-
scale data on the impact of secondary access strate-
gies on clinical outcomes, we compared both ap-
proaches during TAVR in a large multicenter registry
and evaluated outcomes according to the latest Valve
Academic Research Consortium-3 (VARC-3) criteria.10
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METHODS

PATIENT POPULATION. The PULSE registry (Plug or
sUture based vascuLar cloSurE after TAVR) retro-
spectively analyzed data of 10,120 consecutive pa-
tients who received transfemoral TAVR at 10 German
high-volume heart centers from 2016 to 2021
(Figure 1). All patients with transfemoral TAVR and
either left or right transradial secondary access (TR-
SA) (n ¼ 1,686; left TR-SA: n ¼ 18, right TR-SA:
n ¼ 1,668) or transfemoral secondary access
(n ¼ 7,165) were included in this study. The exclusion
criteria were alternative secondary access strategies
and hostile access requiring intervention to gain ac-
cess. All patients provided informed consent to the
procedure and data acquisition. Ethics committee
approval was obtained according to local re-
quirements. The study was performed in accordance
with the 1964 Declaration of Helsinki and its
later amendments.

COMPUTED TOMOGRAPHY ASSESSMENT. Vascular
anatomy data were collected from contrast-enhanced
multidetector computed tomography performed
during TAVR evaluation. For the left or right primary
access calcification severity, divided into none/mild
(spotty), moderate (coalescing), and severe (bulky,
protruding, horseshoe, or circumferential) categories,
and tortuosity severity from puncture site to aortic
bifurcation, divided into none/mild (30�-60�), mod-
erate (60�-90�), and severe ($90�) categories, were
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FIGURE 1 Study Flowchart

Overall, 10,120 patients with transfemoral transcatheter aortic

valve replacement (TAVR) were evaluated in the PULSE (Plug or

sUture based vascuLar cloSurE after TAVR) registry. After the

exclusion of patients with hostile access (peripheral trans-

luminal angioplasty or stent implantation to gain transfemoral

access), no secondary access, or missing data, a 1:1 propensity

score matching was performed. TF-SA ¼ transfemoral secondary

access; TR-SA ¼ transradial secondary access.
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assessed as described previously.11,12 The minimal
lumen diameter was measured of the common
femoral artery at the primary access site.

TRANSCATHETER AORTIC VALVE REPLACEMENT.

Each patient was reviewed individually by the local
heart team. TAVR was performed according to local
practice and expertise. The choice of secondary ac-
cess was at the operator’s discretion. Secondary ac-
cess was used for angiographic guidance of the
procedure, and if gained via the transfemoral route,
vascular closure was performed with Angio-Seal
(St Jude Medical). Documentation of procedural var-
iables occurred in a standardized manner. Heparin
reversal was achieved by using protamine at the op-
erator’s discretion.

CLINICAL OUTCOMES AND ENDPOINT DEFINITIONS.

Outcomes were evaluated at 30 days after the index
procedure according to VARC-3 definitions and were
compared between groups.10 Primary outcomes were
major and minor access-related vascular complica-
tions at the secondary access. These were sub-
classified as bleeding, stenosis/occlusion, femoral
dissection, pseudoaneurysm, or other for each access
site. Treatment was characterized as surgical repair,
endovascular stenting, endovascular balloon infla-
tion, manual compression/conservative treatment, or
other. Major and minor access-related vascular com-
plications at the primary access as well as bleeding,
stroke, acute kidney injury, myocardial infarction,
pacemaker implantation, length of hospitalization,
and mortality according to VARC-3 were classified as
secondary outcomes.

STATISTICAL ANALYSIS. Binary variables were
shown as absolute numbers or percentages and were
compared using the chi-square test. The Fisher hy-
pergeometric test was applied for variables with an
event rate <5. Continuous variables were shown as
median (IQR) and were compared using the Mann-
Whitney test. All P values had a significance
threshold of <0.05. Statistical analyses were per-
formed using R version 4.1.2 (R Foundation for Sta-
tistical Computing). Because confounding variables
were present at baseline, we applied a propensity
score (PS) matching method for adjustment between
TR-SA and TF-SA patients. This model was calculated
using the nearest neighbor method with a caliper of
0.05, the Mahalanobis distance measure, and a ratio
of 1:1 without replacement; the matching takes
place in ascending order of distance measures
(m.order ¼ “smallest”). The target estimand was the
average treatment effect in the treated patients, and
the covariates used for matching were age, sex, body
mass index (BMI), diabetes, glomerular filtration rate,
anemia, peripheral artery disease (PAD), atrial fibril-
lation, NYHA functional class IV, Society of Thoracic
Surgeons Predicted Risk of Mortality (STS-PROM),
chronic obstructive pulmonary disease, left ventric-
ular ejection fraction <30%, antithrombotic therapy
during TAVR (dual antiplatelet medication, triple
antiplatelet medication [anticoagulation as well as
dual antiplatelet medication], anticoagulation mon-
otherapy, or dual therapy [anticoagulation as well
as single antiplatelet medication]), and center.
The original number of observations after removing
missing values in covariates was 3,688 (Supplemental
Table 1). After matching, 1,024 observations

https://doi.org/10.1016/j.jcin.2024.09.020
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TABLE 1 Baseline Characteristics Before Propensity Score Matching

All
(N ¼ 8,851)

TR-SA
(n ¼ 1,686)

TF-SA
(n ¼ 7,165) P Value

Baseline
Age, y 82.0 (78.3-85.2) 81.5 (77.5-85.1) 82.0 (78.5-85.2) 0.003
Female 4,346 (49.1) 751 (44.6) 3,595 (50.2) <0.001
BMI, kg/m2 26.4 (23.8-29.7) 26.1 (23.7-29.3) 26.5 (23.8-29.8) 0.009
CAD 5,268 (60.0) 963 (58.6) 4,305 (60.3) 0.21
Prior CABG 750 (10.3) 126 (8.0) 624 (10.9) 0.001
Prior myocardial infarction 978 (11.1) 204 (12.4) 774 (10.8) 0.078
Prior PCI 3,077 (39.6) 621 (39.1) 2,456 (39.7) 0.68
COPD 1,262 (14.4) 172 (10.4) 1,090 (15.3) <0.001
PAD 1,228 (14.0) 185 (11.3) 1,043 (14.6) <0.001
Atrial fibrillation 3,659 (43.1) 671 (41.0) 2,988 (43.6) 0.066
Prior stroke 990 (12.1) 195 (12.3) 795 (12.0) 0.82
Diabetes 2,387 (27.2) 461 (28.0) 1,926 (27.0) 0.44
eGFR, mL/min/1.73 m2 56.0 (41.0-73.0) 54.0 (40.0-70.0) 56.7 (41.0-73.0) <0.001
Anemia (hemoglobin <11 g/dL) 1,854 (21.0) 360 (21.4) 1,494 (20.9) 0.65
NYHA functional class IV 717 (8.3) 98 (6.2) 619 (8.8) <0.001
STS-PROM 3.4 (2.3-5.2) 2.9 (2.0-4.4) 3.5 (2.4-5.4) <0.001
Antithrombotic medication
Dual antiplatelet medication 2,762 (40.4) 640 (40.3) 2,122 (40.5) 0.90
Anticoagulation monotherapy 1,010 (14.8) 321 (20.2) 689 (13.1) <0.001
Dual therapy (anticoagulation and

single antiplatelet medication)
1,958 (28.7) 374 (23.5) 1,584 (30.2) <0.001

Triple therapy 191 (2.8) 61 (3.8) 130 (2.5) 0.005

Computed tomography
MLD of the common femoral artery at
primary access site, mm

7.4 (6.3-8.5) 7.6 (6.4-8.7) 7.3 (6.2-8.4) <0.001

Vascular calcification (moderate or severe) 2,312 (27.1) 708 (42.9) 1,604 (23.3) <0.001
Vessel tortuosity (moderate or severe) 2,401 (32.9) 602 (38.1) 1,799 (31.4) <0.001

Echocardiography
LVEF <30% 391 (5.0) 73 (4.6) 318 (5.1) 0.46
Mean transvalvular gradient, mm Hg 40.0 (30.0-50.0) 36.0 (27.0-45.0) 41.0 (31.0-50.0) <0.001
Effective orifice area, cm2 0.7 (0.6-0.9) 0.8 (0.6-0.9) 0.7 (0.6-0.8) <0.001
Severe aortic regurgitation 150 (1.8) 37 (2.3) 113 (1.7) 0.099

Values are median (Q1-Q3) or n (%). Binary variables were compared using the chi-square or Fisher test. Continuous variables were compared using the Mann-Whitney test.

BMI ¼ body mass index; CABG ¼ coronary artery bypass grafting; CAD ¼ coronary artery disease; COPD ¼ chronic obstructive pulmonary disease; eGFR ¼ estimated
glomerular filtration rate; LVEF ¼ left ventricular ejection fraction; MLD ¼minimal lumen diameter; PAD ¼ peripheral artery disease; PCI ¼ percutaneous coronary intervention;
STS-PROM ¼ Society of Thoracic Surgeons Preicted Risk of Mortality; TF-SA ¼ transfemoral secondary access; TR-SA ¼ transradial secondary access.
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remained. Balance was assessed by the average ab-
solute standardized difference and amounts 0.239
before matching and 0.064 after matching.13 The
Cochran-Armitage test was conducted to examine a
potential trend in major, minor, or no vascular access
complications over the time intervals. The null hy-
pothesis of no trend in data was tested for every
group against the others. P values were corrected
with the Bonferroni method and indicated a
trend if <0.05.

RESULTS

BASELINE CHARACTERISTICS. The median age was
82.0 years (Q1-Q3: 78.3-85.2 years), and the median
STS-PROM was 3.4% (Q1-Q3: 2.3%-5.2%) overall.
Before PS matching, significant differences between
the TR-SA and TF-SA groups regarding several baseline
risk factors were observed, including sex, BMI, prior
coronary artery bypass grafting, chronic obstructive
pulmonary disease, PAD, estimated glomerular filtra-
tion rate, NYHA functional class IV, antithrombotic
medication, STS-PROM, moderate/severe vascular
calcification, and mean transvalvular gradients,
among others (Table 1). After 1:1 PS matching, comor-
bidities and clinical variables at baseline were well-
balanced between both groups (Supplemental
Table 2). Significant differences persisted for atrial
fibrillation (47.9% [245/512] vs 41.4% [212/512];
P ¼ 0.044), prevalence of moderate/severe vascular
calcification at TAVR access (56.7% [284/501] vs 39.2%
[199/508]; P<0.001), and dual antiplatelet medication
(34.0% [174/512] vs 49.6% [254/512]; P < 0.001) in
TR-SA compared to TF-SA groups.
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TABLE 2 Procedural Characteristics Before Propensity Score Matching

All
(N ¼ 8,851)

TR-SA
(n ¼ 1,686)

TF-SA
(n ¼ 7,165) P Value

Secondary access sheath size (F) 6.0 (6.0-6.0) 6.0 (5.0-6.0) 6.0 (6.0-6.0) <0.001

Primary access sheath size (F) 14.0 (14.0-16.0) 14.0 (14.0-14.0) 14.0 (14.0-16.0) <0.001

Vascular closure strategy primary access
S-VCD 7,074 (80.0) 1,156 (68.6) 5,918 (82.7) <0.001
P-VCD 1,254 (14.2) 514 (30.5) 740 (10.3) <0.001
Other 515 (5.8) 16 (0.9) 499 (7.0) <0.001

Balloon-expandable THV 3,068 (41.5) 984 (61.2) 2,084 (36.0) <0.001

Heparin reversal with protamine 6,647 (79.2) 614 (37.3) 6,033 (89.4) <0.001

Procedure duration, min 52.0 (38.0-68.0) 51.0 (38.0-65.0) 52.0 (38.0-68.0) 0.035

Contrast agent, mL 100.0 (76.0-145.0) 120.0 (80.0-170.0) 100.0 (75.0-140.0) <0.001

Fluoroscopy time, min 11.1 (8.0-16.0) 12.3 (9.4-17.2) 11.0 (7.8-15.6) <0.001

Values are median (IQR) or n (%). Binary variables were compared using the chi-square or Fisher test. Continuous variables were compared using the Mann-Whitney test.

P-VCD ¼ plug-based vascular closure; S-VCD ¼ suture-based vascular closure; THV ¼ transcatheter heart valve; other abbreviations as in Table 1.
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PROCEDURAL CHARACTERISTICS. Procedural char-
acteristics are outlined in Table 2. TR-SA was selected
in 1,686 (19.0%) and TF-SA in 7,165 patients (81.0%)
overall. For the secondary access, the mean sheath
size was smaller in TR-SA compared to TF-SA patients
FIGURE 2 Temporal Trend of Secondary Access Approach in the PU

A significant increase of the radial compared to the femoral secondary a

2021, but the majority of secondary accesses remained femoral in the in

Armitage test with the Bonferroni-corrected P value). Abbreviations as
(6.0 [Q1-Q3: 5.0-6.0] vs 6.0 [Q1-Q3: 6.0-6.0], respec-
tively; P < 0.001).

At the primary large-bore access, differences
regarding sheath size (14.0 [Q1-Q3: 14.0-14.0] vs 14.0
[Q1-Q3: 14.0-16.0]; P < 0.001) and choice of vascular
LSE Registry

ccess was observed in the unmatched PULSE registry from 2016 to

vestigated time frame (P < 0.001 according to the Cochrane-

in Figure 1.



TABLE 3 30-Day Outcomes (Before Propensity Score Matching)

All
(N ¼ 8,851)

TR-SA
(n ¼ 1,686)

TF-SA
(n ¼ 7,165) P Value

Access-related vascular complications
(secondary access)
All 237 (2.7) 5 (0.3) 232 (3.2) <0.001
Major 112 (1.3) 3 (0.2) 109 (1.5) <0.001
Minor 125 (1.4) 2 (0.1) 123 (1.7) <0.001

Type
Bleeding 109 (1.2) 4 (0.2) 105 (1.5) <0.001
Dissection 4 (0.0) 0 (0) 4 (0.1) 1.00
Pseudoaneurysm 108 (1.2) 1 (0.1) 107 (1.5) <0.001
Stenosis/occlusion 13 (0.1) 0 (0) 13 (0.2) 0.15
Other (%) 2 (0.0) 0 (0) 2 (0.0) 1.00

Treatment
Conservative/manual compression 134 (1.5) 4 (0.2) 130 (1.8) <0.001
Prolonged endovascular balloon
inflation

1 (0.0) 0 (0) 1 (0.0) 1.00

Stent implantation 8 (0.1) 0 (0) 8 (0.1) 0.37
Surgical repair 66 (0.7) 0 (0) 66 (0.9) <0.001
Other 26 (0.3) 1 (0.1) 25 (0.3) 0.046

Access-related vascular complications
(primary access)
All (%) 1,021 (11.5) 196 (11.6) 825 (11.5) 0.93
Major (%) 393 (4.4) 64 (3.8) 329 (4.6) 0.17
Minor (%) 628 (7.1) 132 (7.8) 496 (6.9) 0.21

Access-related nonvascular
complication

48 (0.6) 9 (0.6) 39 (0.6) 0.87

Bleeding (type III/IV) 376 (4.2) 42 (2.5) 334 (4.7) <0.001
Stroke (disabling and nondisabling) 206 (2.3) 40 (2.4) 166 (2.3) 0.96
Severe acute kidney injury
(AKIN III and AKIN IV)

212 (2.4) 20 (1.2) 192 (2.7) <0.001

Myocardial infarction 25 (0.3) 5 (0.3) 20 (0.3) 1.00
Permanent pacemaker
implantation

1,039 (11.7) 225 (13.3) 814 (11.4) 0.025

Length of stay in-hospital, d 7.0 (5.7-9.0) 6.0 (5.0-8.0) 7.0 (6.0-10.0) <0.001
All-cause death 503 (5.8) 41 (2.6) 462 (6.6) <0.001

Values are n (%) or median (IQR). Binary variables were compared using the chi-square or Fisher test. Other
indicates unspecified treatment of access-related vascular complications, mainly reflecting thrombin injection for
the treatment of pseudoaneurysm in both groups.

AKIN ¼ Acute Kidney Injury Network; other abbreviations as in Table 1.
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closure device were observed. Balloon-expandable
THVs were more often used in TR-SA (61.2% [984/
1,609] vs 36.0% [2,084/5,787] in TF-SA; P < 0.001).
Heparin reversal with protamine was performed in
37.3% (614/1,648) of TR-SA patients and 89.4% (6,033/
6,746) of TF-SA patients accordingly (P < 0.001). The
amount of contrast agent and fluoroscopy time were
higher in the TR-SA group, whereas the procedure
time was shorter in the TR-SA group. Procedural
characteristics after PS matching remained similar
(Supplemental Table 3). Overall, an increase of TR-SA
compared to TF-SA was observed in the unmatched
cohort during the study period (Figure 2).

CLINICAL OUTCOMES. Vascular complications at the
secondary access site occurred in 0.3% (5/1,686) of
TR-SA patients and 3.2% (232/7,165) of TF-SA patients
(P < 0.001). These were major in 0.2% (3/1,686) in the
TR-SA group vs 1.5% (109/7,165; P < 0.001) in the
TF-SA group and minor in 0.1% (2/1,686) in the TR-SA
group vs 1.7% (123/7,165; P < 0.001) in the TF-SA
group (Table 3, Central Illustration). In both groups,
most of these complications were related to bleeding
(0.2% [4/1,686] vs 1.5% [105/7,165]; P < 0.001) or
pseudoaneurysms (0.1% [1/1,686] vs 1.5% [107/7,165];
P < 0.001). The majority in both groups were treated
conservatively; however, surgical repair was per-
formed in none of the secondary access vascular
complications in the TR-SA group and in 0.09% (66/
7,165) in the TF-SA group. Treatment of secondary
access vascular complications classified as “other,”
which comprised thrombin injections for the treat-
ment of pseudoaneurysms, was observed more
frequently in the TF-SA group compared to the TR-SA
group (0.1% [1/1,686] vs 0.3% [25/7,165], respectively;
P ¼ 0.046).

In contrast, vascular complication rates related to
the primary large-bore TAVR access were similar
(11.6% [196/1,686] vs 11.5% [825/7,165]; P ¼ 0.93) in
both groups. (For types and treatment of primary
access vascular complications before and after PS
matching, see Supplemental Tables 4 and 5). Type III
or IV bleeding (2.5% [42/1,686] in TR-SA vs 4.7% [334/
7,165] in TF-SA; P < 0.001) and severe acute kidney
injury (1.2% (20/1686) in TR-SA vs 2.7% [192/7,165] in
TF-SA; P < 0.001) were more frequent in TF-SA pa-
tients, possibly resulting in a longer length of stay in-
hospital (6.0 days [Q1-Q3: 5.0-8.0 days] in TR-SA vs
7.0 days [Q1-Q3: 6.0-10.0 days] in TF-SA; P < 0.001)
and higher all-cause mortality (2.6% [41/1,598] in TR-
SA vs 6.6% [462/7,040] in TF-SA; P < 0.001). Although
the permanent pacemaker implantation rate was
higher in TR-SA (13.3% [225/1,686] vs 11.4% [814/
7,165]; P ¼ 0.025), access-related nonvascular com-
plications, stroke, and myocardial infarction rates
were similar in both groups.

After 1:1 PS matching, a significantly higher rate of
secondary access–related vascular complications in
TF-SA compared to TR-SA patients persisted (0.2%
[1/512] vs 2.9% [15/512], respectively; P ¼ 0.001;
Table 4). This difference was driven by more minor
vascular complications (0.2% [1/512] vs 2.0% [10/512];
P ¼ 0.011) and a trend toward major vascular com-
plications (0% [0/512] vs 1% [5/512] P ¼ 0.062).
Vascular complication rates related to the primary
large-bore TAVR access, bleeding type III/IV, acute
kidney injury, myocardial infarction, stroke, and
permanent pacemaker implantation were similar be-
tween both groups; however, all-cause death
remained lower in TR-SA vs TF-SA patients (1.2%

https://doi.org/10.1016/j.jcin.2024.09.020
https://doi.org/10.1016/j.jcin.2024.09.020


CENTRAL ILLUSTRATION Secondary Arterial Access During Transcatheter Aortic
Valve Replacement

Grundmann D, et al. JACC Cardiovasc Interv. 2024;17(24):2923–2932.

Bar charts depict the relative frequency of absolute values of binary variable severity of vascular complications or the type of vascular

complication. PULSE ¼ Plug or sUture based vascuLar cloSurE after TAVR. Adapted from https://smart.servier.com/wp-content/uploads/2

016/10/Systeme_arteriel_3.png.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 7 , N O . 2 4 , 2 0 2 4 Grundmann et al
D E C E M B E R 2 3 , 2 0 2 4 : 2 9 2 3 – 2 9 3 2 Femoral or Radial Secondary Access in Multicenter TAVR Registry

2929
[6/512] vs 3.6% (18/512), respectively; P ¼ 0.021). Pa-
tients excluded from PS matching differed from the
included patients regarding BMI, PAD, and estimated
glomerular filtration rate, among other things
(Supplemental Table 6).
DISCUSSION

In this study, VARC-3–adjudicated outcomes of
different secondary access strategies during trans-
femoral TAVR were compared as part of the large real-

https://doi.org/10.1016/j.jcin.2024.09.020
https://smart.servier.com/wp-content/uploads/2016/10/Systeme_arteriel_3.png
https://smart.servier.com/wp-content/uploads/2016/10/Systeme_arteriel_3.png


TABLE 4 30-Day Outcomes (After Propensity Score Matching)

All
(N ¼ 1,024)

TR-SA
(n ¼ 512)

TF-SA
(n ¼ 512) P Value

Access-related vascular complications
(secondary access)
All 16 (1.6) 1 (0.2) 15 (2.9) 0.001
Major 5 (0.5) 0 (0) 5 (1.0) 0.062
Minor 11 (1.1) 1 (0.2) 10 (2.0) 0.011

Access-related vascular complications
(primary access)
All 145 (14.2) 77 (15.0) 68 (13.3) 0.47
Major 56 (5.5) 29 (5.7) 27 (5.3) 0.89
Minor 89 (8.7) 48 (9.4) 41 (8.0) 0.51

Access-related nonvascular complication 2 (0.2) 0 (0) 2 (0.4) 0.50

Bleeding (type III/IV) 28 (3.1) 15 (3.4) 13 (2.8) 0.79

Stroke (disabling and nondisabling) 24 (2.3) 13 (2.5) 11 (2.1) 0.84

Severe acute kidney injury
(AKIN III and AKIN IV)

8 (0.9) 5 (1.1) 3 (0.6) 0.50

Myocardial infarction 5 (0.5) 2 (0.4) 3 (0.6) 1.00

Permanent pacemaker implantation 142 (13.9) 75 (14.6) 67 (13.1) 0.53

All-cause death 24 (2.4) 6 (1.2) 18 (3.6) 0.021

Values are n (%). Binary variables were compared using the chi-square test or the Fisher test.

Abbreviations as in Tables 1 and 3.
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world multicenter PULSE registry. Our main findings
were as follows: 1) TR-SA was associated with lower
rates of vascular access site complications and severe
bleeding compared to TF-SA; 2) vascular complica-
tions related to the secondary access alone were 10�
higher in patients with TF-SA and required invasive
treatment in a relevant number of patients; and 3)
vascular complications at the primary large-bore ac-
cess were similar in both groups.

Since the implementation of TAVR into clinical
routine, numerous advancements have been intro-
duced including improved procedure planning using
contrast enhanced multidetector computed tomog-
raphy, better patient selection as part of the heart
team process, and routine use of local instead of
general anesthesia. In this context, the transfemoral
route has become the primary access for TAVR
because of lower complication rates compared to
alternative access routes.14 In addition to the primary
large-bore access for THV delivery, the secondary
access has traditionally been facilitated by a femoral
puncture, although alternative approaches (eg,
radial) may be beneficial.9 Our data showed that TR-
SA was associated with significantly lower major,
minor, and overall access-related complications
compared to TF-SA in this large multicenter registry,
which is in line with previous smaller studies.3,4,15,16
Of note, almost one-third of these secondary access
complications in the femoral group led to a surgical
repair, emphasizing the clinical significance of these
results that were exclusively linked to complications
at the small 6-F femoral access. These outcomes were
largely consistent with those achieved in the present
matched population. Importantly, secondary access
complications were responsible for more than one-
fifth of all vascular complications, comprising a
potentially large negative impact on postprocedural
outcomes, especially in patients with advanced age,
frailty, and comorbidities.

In case of access-related vascular complications at
the primary large-bore access, crossover techniques
from the contralateral TF-SA are often used for
bailout endovascular treatment. Importantly, despite
the absence of this straightforward crossover option
in TR-SA patients, we did not observe more compli-
cations at the primary access in the TR-SA group.
Furthermore, endovascular treatment from the radial
access may also facilitate bailout maneuvers in case
of vascular complications but may require additional
devices and endovascular balloons or stents with
extra-long shafts.16 Furthermore, a bailout contra- or
ipsilateral femoral access for complication manage-
ment may be gained after achieving temporary he-
mostasis via the TR-SA. Also, despite the fact that no
standard guidewire insertion was performed either
from the radial or contralateral femoral access in this
study, there were no more complications at the pri-
mary access. TF-SA was also associated with higher
rates of severe bleeding because of increased vascular
complications. Moreover, radial access was associ-
ated with shorter total length of in-hospital stay
compared to femoral access in our study and other
studies, likely because of increased patient
mobility.3,17

Rates of TR-SA increased during the study period.
Nevertheless, TF-SA was chosen over TR-SA in more
than 80% of procedures and was predominantly used
even in recent years. Based on our results, the radial
approach should be established as the first choice for
secondary access to minimize the risk for vascular or
bleeding complications in these patients at risk.

STUDY LIMITATIONS. Despite the strengths of this
large multicenter registry, several limitations should
be considered. This was a retrospective analysis
including different site-specific TAVR protocols to
mirror clinical reality in a large sample. Despite well-



PERSPECTIVES

WHAT IS KNOWN? Access-related complications in TAVR, of

which a relevant share can be linked to the secondary access,

remain a concern. As radial access has become the primary choice

for percutaneous coronary intervention because of low access-

related complication rates, a radial approach may serve as a safer

alternative to the traditional femoral strategy for the secondary

access in TAVR. There is a paucity of large-scale data on the

impact of secondary access strategies on clinical outcomes after

TAVR.

WHAT IS NEW? In this large real-world multicenter registry,

the transradial secondary access strategy was associated with

10� lower rates of access site as well as lower bleeding com-

plications compared to a (bi-)femoral strategy. Vascular com-

plications related to the transfemoral secondary access were

followed by invasive treatments in a relevant number of patients.

WHAT IS NEXT? These results suggest transradial secondary

access may be considered preferable compared to a transfemoral

approach and challenge the fact that most TAVR procedures are

still performed with a femoral secondary access. Additional

strategies to reduce access-related vascular and bleeding com-

plications in TAVR are needed. A randomized trial comparing

both secondary access approaches could provide further

conclusive data.
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balanced PS matching, several parameters remained
different and may have influenced the results. The
difference in mortality may be based on different risk
profiles and possibly preference of TF-SA over TR-SA
in cases with increased complexity rather than a
direct link to vascular complications. However, results
regarding vascular and bleeding complications that
were related to the secondary access remain clear and
consistent throughout the analysis. Because of the low
event rate of the primary endpoint, valid regression
analyses in subpopulations were not feasible.
Furthermore, we focused on access-related complica-
tions and 30-day outcomes with a short-term follow-
up to analyze the immediate periprocedural phase.

CONCLUSIONS

In patients treated with transfemoral TAVR, TR-SA
was associated with lower rates of access site and
bleeding complications compared to a (bi-)femoral
strategy. In fact, vascular complications related to the
secondary access alone were 10� higher in patients
with TF-SA and were followed by invasive treatments
in a relevant number of patients. These findings
suggest TR-SA may be considered preferable
compared to TF-SA and challenge the fact that most
TAVR procedures are still performed with TF-SA.
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