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INTERVENTIONS FOR VALVULAR DISEASE AND HEART FAILURE
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Abstract

Background: Large-bore arteriotomy for transcatheter aortic valve implantation (TAVI) requires percuta-
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o access site neous vascular closure devices, but real-world data comparing different closure strategies are limited.

¢ bleeding
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o TAVI

Aims: We sought to compare a dual ProGlide strategy vs a combination of one ProGlide and one FemoSeal
for vascular closure after TAVI.

Methods: We retrospectively analysed 874 propensity score-matched patients undergoing TAVI at the
Munich University Hospital from August 2018 to October 2020. From August 2018 to August 2019, a dual
ProGlide strategy was used for vascular closure. From October 2019 to October 2020, a combination of one
ProGlide and one FemoSeal was used. The primary endpoint was defined as access-related major vascular
complications or bleeding >Type 2 according to Valve Academic Research Consortium 3 criteria.
Results: Patients in the dual ProGlide group (n=437) had a higher incidence of the primary endpoint than
patients treated with one ProGlide and one FemoSeal (n=437; 11.4% vs 3.0%; p<0.001). Furthermore, they
had a higher rate of closure device failure (2.7% vs 0.9%; p=0.044) and more often required unplanned sur-
gery or endovascular treatment (3.9% vs 0.9%; p=0.004). The incidence of death did not differ significantly
between groups (3.4% vs 1.6%; p=0.08).

Conclusions: A combined ProGlide and FemoSeal strategy might have the potential to reduce access-
related vascular complications following TAVI.
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Abbreviations

CT computed tomography

P+F group ProGlide and FemoSeal group
P+P group Dual ProGlide group

TAVI transcatheter aortic valve implantation
VARC Valve Academic Research Consortium
VCD vascular closure device

Introduction

Transcatheter aortic valve implantation (TAVI) is the optimal ther-
apy for patients with symptomatic severe aortic stenosis at high
surgical risk'. Due to the results of the PARTNER 2 and 3 as well
as the SURTAVI and Evolut Low Risk trials, the use of TAVI is
increasingly extended to intermediate- and even low-risk patients*>.

Access-related vascular complications and bleeding remain
the most frequent complications after transfemoral TAVI and
are associated with worse short- and long-term outcomes*®’.
Historically, suture-mediated percutaneous vascular closure
devices (VCD) have been used for main access closure to avoid
surgical cut-down. Among VCD, the Perclose ProGlide (Abbott
Vascular) has shown superior results compared to the Prostar XL
(Abbott Vascular) and has since become the most widely used
suture-based VCD?’. Additionally, a large-bore collagen plug-
based VCD (MANTA; Teleflex) has been developed recently.
Despite promising results in early feasibility trials and retrospec-
tive analyses, MANTA proved inferior to a dual ProGlide strategy
in a recent randomised controlled study!'®'2,

Initially proposed as a bailout strategy for excessive bleed-
ing, a combination of suture-based VCD with additional collagen
plug-based VCD has been reported to be safe and feasible''*. This
approach theoretically reduces constriction of the common fem-
oral artery and strain on the arterial wall while maintaining the
advantages of both suture- and plug-based VCD. However, real-
world data on vascular and bleeding outcomes of this approach
are lacking.

Dual ProGlide vs ProGlide and FemoSeal after TAVI

Therefore, the objective of this study was to compare the use
of a dual ProGlide technique (hereafter referred to as P+P group)
and a combination of one ProGlide with the plug-based VCD
FemoSeal (P+F group; Terumo) regarding vascular complications
and bleeding in patients undergoing transfemoral TAVI.

Methods

In this retrospective single centre study, consecutive patients that
underwent transfemoral TAVI from August 2018 to October 2020
at the Munich University Hospital were included.

From August 2018 to August 2019, vascular closure was per-
formed using a suture-based strategy with 2 diagonally placed
ProGlide systems. From October 2019 to October 2020, a combi-
nation of a single ProGlide system with a subsequently introduced
FemoSeal system was used. Patients treated in September 2019
were excluded from this analysis to minimise the learning curve
impact. In total, 1,018 patients underwent transfemoral TAVI dur-
ing the selected time period. Twenty-nine patients were excluded
due to primary use of a different closure device, conversion to
open-surgery or death before access-site closure (Figure 1).

All patients initially underwent contrast-enhanced computed
tomography (CT) and transthoracic echocardiography in accord-
ance with current European guidelines'>'®, TAVI was sched-
uled after obtaining consensus in the Heart Team. Transthoracic
echocardiography and a duplex ultrasound of the main access site
were performed routinely before discharge.

Patient data were collected from the electronic database that
is part of the local EVERY VALVE registry (project number:
19-840) at the University Hospital Munich. The institutional eth-
ics committee approved data acquisition and statistical analysis,
and the study adhered to the tenets of the Declaration of Helsinki.

TAVI PROCEDURE
TAVI was generally performed under local anaesthesia. After the
initial puncture of the femoral artery, a routine angiogram was

August 2018 — August 2019

October 2019 — August 2020 >

4| 1,018 patients undergoing TAVI Ii

Patients excluded due to:

— primary use of different
closure device (n=24)

A 4

v

—conversion to surgical aortic
valve repair (1=2)
— death before access site

| 989 patients eligible

| closure (n=3)

A4

874 patients included after
propensity score matching

| Dual ProGlide (n=437) |

A
ProGlide + FemoSeal (n=437) |

Figure 1. Study flowchart showing time period of inclusion. TAVI: transcatheter aortic valve implantation
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done to confirm puncture height. In the P+P group, 2 VCDs were
deployed diagonally (at 10 and 2 o’clock). In the P+F group,
1 ProGlide was inserted at the beginning of the procedure followed
by the plug-based FemoSeal system at the end of the procedure.
Intraprocedural anticoagulation was achieved with unfractionated
heparin (50 to 70 IU/kg body weight) obtaining a target activated
clotting time >250 sec. Manual compression was maintained until

complete haemostasis was achieved.

ENDPOINTS

The primary endpoint was defined as a composite of access-related
major vascular complications or in-hospital bleeding >Type 2
according to the 2021 Valve Academic Research Consortium
(VARC-3) criteria'”. Secondary endpoints included overall vascu-
lar complications, closure device failure and bleeding according
to the VARC-3 criteria, the need for unplanned surgery or endo-
vascular treatment as well as the need for red blood cell transfu-
sion. Additionally, standard procedural endpoints such as death,
the need for a new pacemaker, stroke, unplanned revascularisa-
tion and acute kidney injury were obtained from the local registry.

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS (version 25; IBM).
The Student’s t-test and Wilcoxon rank-sum test were used to

Table 1. Baseline characteristics.

Before matching

compare continuous variables as appropriate. The chi-square test
was used to compare categorial variables. The normality of data
distribution was assessed graphically. All tests were 2-sided and
a p-value <0.05 was considered statistically significant. Propensity
score matching was performed using the R package Matchlt (ver-
sion 4.3.3; Ho, Imai, King, and Stuart) with a 1:1 nearest neighbour
algorithm, no replacement, a 0.1 calliper and the following vari-
ables: age, sex, body mass index, estimated glomerular filtration
rate, haemoglobin, diabetes mellitus, atrial fibrillation, history of
stroke, left ventricular ejection fraction, oral anticoagulation, periph-
eral arterial disease, and chronic obstructive pulmonary disease!'.

A logistic regression analysis was used to identify predictors
for the primary endpoint. Both groups were divided into tertiles to
exclude learning curve effects. Variables with p<0.1 were included
in the multivariable analysis.

Results

BASELINE CHARACTERISTICS

Baseline characteristics of the 989 unmatched and 874 matched
patients included are presented in Table 1. Patients were well
balanced except for a lower rate of chronic dialysis in the dual
ProGlide group (0.5% vs 2.1%; p=0.033). Standardised mean differ-
ences are shown in Supplementary Table 1. Computed tomography
characteristics of the main access vessel are depicted in Table 2.

After matching

Dual ProGlide | ProGlide+FemoSeal Dual ProGlide | ProGlide+FemoSeal
(n=491) (n=498) (n=437) (n=437)

Age 81.0+6.7 79.9+7.5 0.017 80.7+7.7 80.8+6.9 0.81
Female sex 230 (46.8%) 210 (42.2%) 0.14 197 (45.1%) 197 (45.1%) 1
BMI 26.5+5.2 26.6+4.8 0.61 26.6+5.2 26.4+4.7 0.75
Society of Thoracic Surgeons Score 3.8+2.6 3.6+£2.7 0.12 3.8+2.7 3.7+£2.8 0.61
NYHA Class Il or IV 392 (80.0%) 383 (76.0%) 0.26 350 (80.1%) 339 (77.6%) 0.36
Diabetes mellitus 140 (28.5%) 118 (23.7%) 0.08 118 (27.0%) 107 (24.5%) 0.40
Coronary artery disease 297 (60.5%) 303 (60.8%) 0.91 259 (59.3%) 261 (59.7%) 0.89
Previous myocardial infarction 69 (14.1%) 64 (12.9%) 0.58 57 (13.4%) 54 (12.4%) 0.76
Previous PCI 164 (33.4%) 158 (31.7%) 0.57 145 (33.2%) 138 (31.6%) 0.61
Previous CABG 41 (8.4%) 28 (5.6%) 0.09 36 (8.2%) 24 (5.5%) 0.11
Previous stroke 66 (13.4%) 62 (12.4%) 0.64 59 (13.5%) 56 (12.8%) 0.76
Peripheral arterial disease 53 (10.8%) 47 (9.4%) 0.48 48 (11.0%) 46 (10.5%) 0.83
Atrial fibrillation 211 (43.0%) 189 (38.0%) 0.12 188 (43.0%) 174 (39.8%) 0.34
COPD 51 (10.4%) 66 (13.3%) 0.16 48 (11.0%) 46 (10.5%) 0.83
Baseline eGFR 49.1+20.0 51.7+22.9 0.06 49.6+20.0 50.0+20.4 0.85
Chronic dialysis 5(1.0%) 10 (2.0%) 0.20 2 (0.5%) 9(2.1%) 0.033
Baseline haemoglobin level (g/dl) 12.4+1.8 12.6+1.9 0.10 12.4+1.7 12.5+1.9 0.44
LV ejection fraction (%) 50.8+8.4 51.6+9.4 0.18 51.1+8.1 51.3+9.6 0.79
Mean gradient (mmHg) 37.0£13.3 36.3+14.0 0.40 35.1+£13.2 36.4+14.4 0.49
Aortic valve area (cm?) 0.75+0.21 0.76+0.21 0.32 0.75+0.20 0.76+0.22 0.69
BMI: body mass index; CABG: coronary artery bypass graft; eGFR: estimated glomerular filtration rate; LV ejection fraction: left ventricular ejection
fraction; NYHA: New York Heart Association; PCI: percutaneous coronary intervention




Table 2. Computed tomography characteristics of main access site.

Var

iable

Dual
ProGlide
(n=437)

ProGlide
+FemoSeal
(n=437)

p-value

L\:Iri]:’i]?al lumen diameter 7741.8 7.941.8 0.23
Calcification | None 22 (5.0%) 23 (5.7%)
Mild 162 (37.1%) | 153 (35.0%) 0.45%
Moderate 212 (48.5%) | 216 (49.7%)
Severe 26 (5.9%) 37 (8.5%)
Vessel None 42 (9.6%) 31(7.1%)
fortuesty g 194 (44.4%) | 175 (40.0%)
(30-60°) ' '
oo | 120 (27.5%) | 145 (33.2%) 0017
aers 64 (14.6%) | 78(17.8%)
Values are depicted as no. (percentage of total no.) *p-value refers to
comparison of at least moderate calcification; "p-value refers to
comparison of at least moderate tortuosity

Tortuosity was lower in the dual ProGlide group (42.1% vs 51.0%
>moderate tortuosity; p=0.017). Antithrombotic therapy is shown in
Supplementary Table 1.

PROCEDURAL RESULTS
Table 3 shows the procedural details. A radial access was more
often used as secondary access in the P+P group (76.0% vs

Table 3. Procedural details.

. ProGlide
. ProGlide
Variable (n=437) +FemoSeal | p-value
- (n=437)
Main Right femoral | 392 (89.7%) | 399 (91.3%)
access 0.42
Left femoral 45 (10.3%) | 38(8.7%)
Secondary | Radial 332 (76.0%) | 286 (65.4%)
access 0.001
Femoral 105 (24.0%) | 149 (34.1%)
Sheath size (French) 14.6+1.0 14.3+0.8 <0.001
Valve type | SAPIEN 3 308 (70.5%) | 316 (72.3%)
Evolut R 53 (12.1%) | 65 (14.9%)
Acurate neo 73 (16.7%) | 56 (12.8%) | 0.55*
LOTUS Edge 1 (0.2%) 0
Portico 2 (0.4%) 0
Balloon predilation 215(49.2%) | 210 (48.1%) | 0.76
Balloon post-dilation 24 (5.5%) 28 (6.4%) 0.55
Percutaneous coronary o o
" 68 (15.6%) | 61 (14.0%) | 0.50
Procedure duration (min) 44.6+22.0 42.3+19.9 0.11
Contrast agent (ml) 122.2+68.7 | 107.8+61.6 | 0.001
Fluoroscopy time (min) 13.5+7.8 12.4+7.4 0.032

Continuous variables are depicted as meanzstandard deviation.
Categorical variables are depicted as no. (percentage of total no.).
*p-value refers to comparison of balloon-expandable valves vs self-
expanding valves

Dual ProGlide vs ProGlide and FemoSeal after TAVI

65.4%; p<0.001). The mean sheath size was slightly, but signi-
ficantly, larger in the P+P group (14.6+1.0 vs 14.3+0.8; p<0.001).
The amount of contrast agent applied (122.2+68.7 vs 107.8+61.6;
p=0.001) and fluoroscopy time (13.5+7.8 vs 12.4+7.4; p=0.032)
were higher in the P+P group.

IN-HOSPITAL OUTCOMES

The primary composite endpoint of main access-related bleeding
>Type 2 or main access-related major vascular complications was
significantly higher in the P+P group (11.4% vs 3.0%; p<0.001).
Further, total vascular complications as well as total bleedings
were significantly more frequent in the P+P group (Table 4).
Patients in the P+P group had a higher rate of closure device fail-
ure (2.7% vs 0.9%; p=0.044) and more often required unplanned
surgical or endovascular treatment (3.9% vs 0.9%; p=0.004). There
were no differences in the rate of pseudoaneurysms (3.2 vs 3.4%;
p=0.85). Details of the vascular complication type are depicted in
the Central illustration and Supplementary Table 2. There was
a trend towards a reduced mortality in the P+F group that did not
reach statistical significance (3.4% vs 1.6%; p=0.08). The inci-
dence of acute kidney injury, unplanned myocardial revasculari-
sation, new pacemaker implantation and stroke were comparable
between both groups (Table 4).

In the multivariable analysis, age and coronary artery disease
were independently associated with higher incidences of the pri-
mary endpoint (odds ratio 1.04; p=0.049 and 2.28; p=0.001,
respectively), while the use of P+F was independently associated
with lower incidences of the primary endpoint (odds ratio 0.24;
p<0.001) (Supplementary Table 3).

Discussion

This retrospective single-centre study sought to compare 2 vas-
cular closure strategies in a large real-world patient population
undergoing transfemoral TAVI. The incidence of the primary
endpoint of main access-related major vascular complications or
bleeding >Type 2 was significantly higher in the dual ProGlide
group than in patients treated with a combination of 1 ProGlide
and 1 FemoSeal (Central illustration).

Access-related vascular complications and bleeding remain the
most frequent complications in patients undergoing TAVI and are
associated with impaired outcomes*®’. For closure of the large-
bore arteriotomy, traditional suture-based VCD have been most
frequently used in clinical practice. However, the more recently
developed large-bore plug-based VCD MANTA has been estab-
lished as a widely used alternative strategy for vascular closure.
Even though early feasibility trials and retrospective analyses
showed promising results, the use of MANTA was associated with
higher rates of vascular complication than a Dual ProGlide tech-
nique in 2 randomised controlled trials'®'>". As an alternative,
suture-based VCD can be combined with smaller sized plug-based
VCD, e.g., AngioSeal (Terumo) or FemoSeal. Although initially
proposed as a bailout strategy for closure device failure, this com-
bination appeared to be safe and feasible in a smaller study by Ko
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Table 4. In-hospital outcomes.

Variable Dual ProGlide ProGlide +FemoSeal pvalue
(n=437) (n=437)
Primary endpoint* 50 (11.4%) 13 (3.0%) <0.001
Vascular complication — main access-related 67 (15.3%) 29 (6.6%) <0.001
Major 43 (9.8%) 12 (2.7%) <0.001
Minor 24 (5.5%) 17 (3.9%) 0.27
Vascular complication — overall 72 (16.5%) 37 (8.5%) <0.001
Major 48 (10.1%) 15 (3.4%) <0.001
Minor 24 (5.5%) 22 (5.0%) 0.76
Closure device failure 12 (2.7%) 4 (0.9%) 0.044
Unplanned surgical or endovascular treatment 17 (3.9%) 4 (0.9%) 0.004
Bleeding — main access-related 69 (15.8%) 22 (5.0%) <0.001
Type 1 22 (5.0%) 9 (2.1%) 0.017
Type 2 35 (8.0%) 10 (2.3%) <0.001
Type 3 11 (2.5%) 3(0.7%) 0.031
Type 4 1 (0.2%) 0 1
Bleeding — overall 104 (23.8%) 35 (8.0%) <0.001
Type 1 29 (6.6%) 13 (3.0%) 0.011
Type 2 48 (11.0%) 16 (3.7%) <0.001
Type 3 26 (5.9%) 6 (1.4%) <0.001
Type 4 1 (0.2%) 0 1
Need for red blood cell transfusion 65 (14.9%) 43 (9.8%) 0.024
Delta haemoglobin (g/dl) -2.0+1.4 -1.9+1.3 0.49
Stroke 14 (3.2%) 6 (1.4%) 0.07
Acute kidney injury 56 (12.8%) 48 (11.0%) 0.40
AKIN 1 41 (9.4%) 41 (9.4%) 1
AKIN 2 5(1.1%) 2 (0.5%) 0.45
AKIN 3 6 (1.4%) 2 (0.5%) 0.29
New onset of dialysis 4 (0.9%) 3(0.7%) 1
Unplanned revascularisation 4 (0.9%) 3(0.7%) 0.69
New pacemaker 67 (15.3%) 63 (14.4%) 0.70
Death 15 (3.4%) 7 (1.6%) 0.08
Continuous variables are depicted as meanzstandard deviation. Categorical variables are depicted as no. (percentage of total no.). Vascular
complications, closure device failure and bleedings are defined according to VARC-3 criteria. *Primary endpoint: composite endpoint of main access-
related bleeding >Type 2 or main access related major vascular complication. AKIN: acute kidney injury network

et al'*. In the recently published study by Costa et al, a combined
approach reduced major vascular complications and bleeding?.
However, the study was limited by a small sample size and het-
erogenic use of suture-based devices: the majority of patients were
treated with 1 Prostar XL even though the ProGlide has proven to
be superior®®. One major concern when combining multiple VCD
is constriction of the arterial lumen as described earlier with a con-
sequent risk of peripheral ischaemia®'. Hence, Ko et al combined
a single ProGlide with one AngioSeal and even though no signi-
ficant differences in overall vascular complications and bleeding
were found, the authors reported a significantly lower rate of arte-
rial stricture compared to a dual ProGlide approach. Nevertheless,
larger studies comparing this hybrid technique to the standard dual
ProGlide technique are lacking.

In our study, we compared the 2 strategies in a large real-
world population at a tertiary European centre. In this setting,
the primary endpoint of main access-related major vascular
complications or bleeding >Type 2 was significantly higher
in the dual ProGlide group than in patients treated with 1
ProGlide and 1 FemoSeal. Similar to a randomised controlled
trial recently published by Abdel-Wahab et al and the study by
Costa et al, this result was mainly driven by a high number of
access bleeding and consequent haematomas, while the overall
rate of other vascular complications such as arterial dissection
or peripheral ischaemia was low in both groups!®?’. Nonetheless,
the rate of unplanned surgical or endovascular treatments as well
as the need for transfusion was significantly higher in the dual
ProGlide group, implying clinical relevance of the observed
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p<0.001

Vascular complications (No.)

CENTRAL ILLUSTRATION Primary endpoint and vascular complications.

Primary composite endpoint: main access-related major vascular complications or hleeding >Type 2

Minor and major vascular complications (absolute numbers) in both study groups stratified according to type of vascular complication.
AV-fistula: arteriovenous fistula; Bailout MANTA: bailout strategy using the MANTA vascular closure device; Haematoma/
bleeding: combined endpoint of VARC-3 bleeding and/or VARC-3 vascular complication due to haematoma; VCD: vascular closure device

p<0.001

M Dual ProGlide M ProGlide + FemoSeal

complications. The rate of pseudoaneurysms was relatively high
in this series of patients, which might be due to the systematic
duplex ultrasound exam of the access site. However, routine
ultrasound-guided puncture might reduce this rate. Major vascu-
lar complications and bleedings are known to be associated with
increased mortality*®’, In our study, there was a trend towards
higher mortality in the dual ProGlide group that did not reach
statistical significance. However, retrospective analyses are
prone to bias, and prospective studies are needed to confirm this
observation.

As mentioned above, deployment of multiple ProGlide VCD
significantly reduces the minimal vessel diameter. In our study,
3 patients in the dual ProGlide group underwent unplanned sur-
gery for peripheral ischaemia, while this was not the case in the
ProGlide+FemoSeal group. This finding is in line with the higher
rate of arterial stricture in patients treated with multiple ProGlide
VCD found by Ko et al and supports concerns of inducing haemo-
dynamically relevant stenoses. In the published randomised con-
trolled trials, 35-59% of the patients treated with a dual ProGlide
technique needed additional VCD to achieve complete haemo-
stasis'®!. These additional VCD could reduce the residual arte-
rial lumen and, hence, increase the risk of peripheral ischaemia
even further. In our study, the incidence of closure device failure
among patients treated with 1 ProGlide and 1 FemoSeal was low.
Therefore, a combination of a single ProGlide with 1 small-sized
plug-based VCD might, in fact, be advantageous, as it showed not

only high efficacy but was associated with a reduced risk of sub-
sequent peripheral ischaemia.

Compared to the randomised controlled study by Abdel-Wahab
et al, we found a similar incidence of major vascular complica-
tions and bleeding >Type 2 in the ProGlide+FemoSeal group,
but higher incidences in the dual ProGlide group. Rates of minor
vascular complications or bleeding were lower in our study com-
pared to the recent randomised controlled trials. We explain this
with the retrospective nature of this study, as small haematomas
without a relevant drop in haemoglobin might not be documented
and, thus, remain undetected in retrospective analyses. However,
these minor complications without clinical consequences are of

questionable relevance.

Limitations

Even though propensity score matching resulted in equally balanced
study groups, this is a retrospective analysis with its inherent limi-
tations. All patients were treated at 1 large European TAVI centre.
Further, there were some significant differences between the 2 groups.
Main vessel tortuosity was higher in the P+F group. In contrast, the
degree of calcification as well as the minimum lumen diameter of the
main access vessel and the prevalence of peripheral arterial disease
did not differ between groups, implying comparable vascular sta-
tus. A radial access was more often used as secondary access in the
dual ProGlide group. Finally, patients in the P+P group had a higher
mean sheath size, which might lead to an increased bleeding risk.
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Conclusions

The combination of suture-based with plug-based vascular clo-
sure devices might have the potential to reduce access-related
major vascular complications and bleedings and, therefore,
unplanned surgical or endovascular treatment in patients follow-
ing TAVL

Impact on daily practice

Vascular closure after transcatheter aortic valve implantation
using a combined suture- and plug-based strategy (1 ProGlide
and 1 FemoSeal) might result in reduced access-related major
vascular complications and bleeding and, therefore, unplanned
surgical or endovascular treatment, compared to an exclusively

suture-based strategy (dual ProGlide).

Conflict of interest statement

M. Orban reports speaker honoraria from Abbott Medical,
AstraZeneca, Abiomed, Bayer Vital, BIOTRONIK, Bristol-
Myers Squibb, CytoSorbents, Daiichi Sankyo Deutschland,
Edwards Lifesciences, and Sedana Medical; support for attend-
ing meetings from AstraZeneca; stocks from Abbott Laboratories,
AbbVie, AstraZeneca, Bayer, Biontech, Bristol-Myers Squibb,
Curevac, Draegerwerk, Fresenius Medical Care, Gilead Sciences,
Inari Medical, Johnson&Johnson, Linde, Merck US, Moderna,
NovoNordisk, Nuance Communications, Pfizer, Proctor&Gamble,
Roche, SAP, Siemens Healthineers, and Zoom. D. Braun reports
speaker honoraria from Abbott Vascular and Edwards Lifesciences.
J. Hausleiter reports speaker honoraria and consulting fees from
Abbott Vascular and Edwards Lifesciences. S. Deseive reports
speaker honoraria from AstraZeneca. S. Peter3 reports speaker
honoraria from AstraZeneca. C. Scherer reports speaker honoraria
from AstraZeneca. J. Mehilli reports institutional research grants
from Boston Scientific and speaker honoraria from AstraZeneca,
Pfizer, SIS Medical, Daiichi Sankyo. J. Steffen reports speaker
honoraria from AstraZeneca and Travel support from the German
Center for Cardiovascular Research (DZHK). The other authors
have no conflicts of interest to declare.

References

1. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J,
Capodanno D, Conradi L, De Bonis M, De Paulis R, Delgado V, Freemantle N,
Haugaa KH, Jeppsson A, Jiini P, Pierard L, Prendergast BD, Sadaba JR, Tribouilloy C,
Wojakowski W. 2021 ESC/EACTS Guidelines for the management of valvular heart
disease. Eurolntervention. 2022;17:¢1126-96.

2. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, Kapadia SR,
Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR,
McCabe JM, Brown DL, Babaliaros V, Goldman S, Szeto WY, Genereux P, Pershad A,
Pocock SJ, Alu MC, Webb JG, Smith CR; PARTNER 3 Investigators. Transcatheter
Aortic-Valve Replacement with a Balloon Expandable Valve in Low-Risk Patients.
N Engl J Med. 2019;380:1695-705.

3. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, Bajwa T,
Heiser JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin J, Chetcuti SJ, Adams DH,
Teirstein PS, Zorn GL 3rd, Forrest JK, Tchétché D, Resar J, Walton A, Piazza N,
Ramlawi B, Robinson N, Petrossian G, Gleason TG, Oh JK, Boulware MJ, Qiao H,
Mugglin AS, Reardon MJ; Evolut Low Risk Trial Investigators. Transcatheter Aortic-
Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N Engl J Med.
2019;380:1706-15.

4. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, Thourani VH,
Tuzcu EM, Miller DC, Herrmann HC, Doshi D, Cohen DJ, Pichard AD, Kapadia S,
Dewey T, Babaliaros V, Szeto WY, Williams MR, Kereiakes D, Zajarias A, Greason KL,
Whisenant BK, Hodson RW, Moses JW, Trento A, Brown DL, Fearon WF, Pibarot P,
Hahn RT, Jaber WA, Anderson WN, Alu MC, Webb JG; PARTNER 2 Investigators.
Transcatheter or Surgical Aortic Valve Replacement in Intermediate-Risk Patients.
N Engl J Med. 2016;374:1609-20.

5. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sendergaard L, Mumtaz M,
Adams DH, Deeb GM, Maini B, Gada H, Chetcuti S, Gleason T, Heiser J, Lange R,
Merhi W, Yakubov SJ, Grube E, Makkar R, Lee JS, Conte J, Vang E, Nguyen H,
Chang Y, Mugglin AS, Serruys PW, Kappetein AP; SURTAVI Investigators. Surgical
or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J
Med. 2017;376:1321-31.

6. Mehilli J, Jochheim D, Abdel-Wahab M, Rizas KD, Theiss H, Spenkuch N,
Zadrozny M, Baquet M, El-Mawardy M, Sato T, Lange P, Kuppatt C, Greif M,
Hausleiter J, Bauer A, Schwarz F, Pichlmaier M, Hagl C, Richardt G, Massberg S.
One-year outcomes with two suture-mediated closure devices to achieve access-site
haemostasis following transfemoral transcatheter aortic valve implantation.
Eurolntervention. 2016;12:1298-304.

7. Hayashida K, Lefévre T, Chevalier B, Hovasse T, Romano M, Garot P, Mylotte D,
Uribe J, Farge A, Donzeau-Gouge P, Bouvier E, Cormier B, Morice MC. Transfemoral
aortic valve implantation new criteria to predict vascular complications. JACC
Cardiovasc Interv. 2011;4:851-8.

8. Berti S, Bedogni F, Giordano A, Petronio AS, ladanza A, Bartorelli AL, Reimers B,
Spaccarotella C, Trani C, Attisano T, Marella Cenname A, Sardella G, Bonmassari R,
Medda M, Tomai F, Tarantini G, Navarese EP; Italian Society of Interventional
Cardiology-GISE+t. Efficacy and Safety of ProGlide Versus Prostar XL Vascular
Closure Devices in Transcatheter Aortic Valve Replacement: The RISPEVA Registry.
J Am Heart Assoc. 2020;9:¢018042.

9. Power D, Schifer U, Guedeney P, Claessen BE, Sartori S, Sorrentino S, Lefévre T,
Kupatt C, Tchetche D, Dumonteil N, Webb JG, Colombo A, Windecker S, Ten
Berg JM, Hildick-Smith D, Boekstegers P, Linke A, Tron C, Van Belle E, Asgar AW,
Jeger R, Sardella G, Hink U, Husser O, Grube E, Lechthaler I, Wijngaard P,
Anthopoulos P, Deliargyris EN, Bernstein D, Hengstenberg C, Mehran R, Dangas GD.
Impact of percutaneous closure device type on vascular and bleeding complications
after TAVR: A post hoc analysis from the BRAVO-3 randomized trial. Catheter
Cardiovasc Interv. 2019;93:1374-81.

10. Abdel-Wahab M, Hartung P, Dumpies O, Obradovic D, Wilde J, Majunke N,
Boekstegers P, Miiller R, Seyfarth M, Vorpahl M, Kiefer P, Noack T, Leontyev S,
Sandri M, Rotta Detto Loria J, Kitamura M, Borger MA, Funkat AK, Hohenstein S,
Desch S, Holzhey D, Thiele H; CHOICE-CLOSURE Investigators. Comparison of
a Pure Plug-Based Versus a Primary Suture-Based Vascular Closure Device Strategy
for Transfemoral Transcatheter Aortic Valve Replacement: The CHOICE-CLOSURE
Randomized Clinical Trial. Circulation. 2022;145:170-83.

11. Wood DA, Krajcer Z, Sathananthan J, Strickman N, Metzger C, Fearon W, Aziz M,
Satler LF, Waksman R, Eng M, Kapadia S, Greenbaum A, Szerlip M, Heimansohn D,
Sampson A, Coady P, Rodriguez R, Krishnaswamy A, Lee JT, Ben-Dor I, Moainie S,
Kodali S, Chhatriwalla AK, Yadav P, O'Neill B, Kozak M, Bacharach JM, Feldman T,
Guerrero M, Nanjundappa A, Bersin R, Zhang M, Potluri S, Barker C, Bernardo N,
Lumsden A, Barleben A, Campbell J, Cohen DJ, Dake M, Brown D, Maor N,
Nardone S, Lauck S, O'Neill WW, Webb JG; SAFE MANTA Study Investigators.
Pivotal Clinical Study to Evaluate the Safety and Effectiveness of the MANTA
Percutaneous Vascular Closure Device. Circ Cardiovasc Interv. 2019;12:¢007258.

12. Moriyama N, Lindstrém L, Laine M. Propensity-matched comparison of vascular
closure devices after transcatheter aortic valve replacement using MANTA versus
ProGlide. Eurolntervention. 2019;14:¢1558-65.

13. Kiramijyan S, Magalhaes MA, Ben-Dor I, Koifman E, Escarcega RO, Baker NC,
Torguson R, Okubagzi P, Bernardo NL, Satler LF, Pichard AD, Waksman R. The
adjunctive use of Angio-Seal in femoral vascular closure following percutaneous trans-
catheter aortic valve replacement. Eurolntervention. 2016;12:88-93.

14. Ko TY, Kao HL, Liu YJ, Yeh CF, Huang CC, Chen YH, Hung CS, Chan CY,
Lin LC, Chen YS, Lin MS. Intentional combination of ProGlide and Angio-Seal for
femoral access haemostasis in transcatheter aortic valve replacement. Int J Cardiol.
2019;293:76-9.

15. Baumgartner HC, Hung JC-C, Bermejo J, Chambers JB, Edvardsen T, Goldstein S,
Lancellotti P, LeFevre M, Miller F Jr., Otto CM. Recommendations on the echocardio-
graphic assessment of aortic valve stenosis: a focused update from the European
Association of Cardiovascular Imaging and the American Society of Echocardiography.
Eur Heart J Cardiovasc Imaging. 2017;18:254-75.

16. Blanke P, Weir-McCall JR, Achenbach S, Delgado V, Hausleiter J, Jilaihawi H,
Marwan M, Norgaard BL, Piazza N, Schoenhagen P, Leipsic JA. Computed
Tomography Imaging in the Context of Transcatheter Aortic Valve Implantation
(TAVI)/Transcatheter Aortic Valve Replacement (TAVR): An Expert Consensus



Document of the Society of Cardiovascular Computed Tomography. JACC Cardiovasc
Imaging. 2019;12:1-24.

17. VARC-3 Writing Committee, Généreux P, Piazza N, Alu MC, Nazif T, Hahn RT,
Pibarot P, Bax JJ, Leipsic JA, Blanke P, Blackstone EH, Finn MT, Kapadia S, Linke A,
Mack MJ, Makkar R, Mehran R, Popma JJ, Reardon M, Rodes-Cabau J, Van
Mieghem NM, Webb JG, Cohen DJ, Leon MB. Valve Academic Research Consortium
3: updated endpoint definitions for aortic valve clinical research. Eur Heart J. 2021;
42:1825-57.

18. Ho D, Imai K, King G, Stuart EA. Matchlt: Nonparametric Preprocessing for
Parametric Causal Inference. Journal of Statistical Software. 2011;42:1-28.

19. van Wiechen MP, Tchétché D, Ooms JF, Hokken TW, Kroon H, Ziviello F,
Ghattas A, Siddiqui S, Laperche C, Spitzer E, Daemen J, de Jaegere PP, Dumonteil N,
Van Mieghem NM. Suture- or Plug-Based Large-Bore Arteriotomy Closure: A Pilot
Randomized Controlled Trial. JACC Cardiovasc Interv. 2021;14:149-57.

20. Costa G, Valvo R, Picci A, Criscione E, Reddavid C, Motta S, Strazzieri O,
Deste W, Giuffrida A, Garretto V, Cannizzaro MT, Inserra C, Veroux P, Giaquinta A,
Sgroi C, Tamburino C, Barbanti M. An upfront combined strategy for endovascular
haemostasis in transfemoral transcatheter aortic valve implantation. Eurolntervention.
2021;17:728-35.

Dual ProGlide vs ProGlide and FemoSeal after TAVI

21. Shoeib O, Burzotta F, Aurigemma C, Paraggio L, Viccaro F, Porto I, Leone AM,
Bruno P, Trani C. Percutaneous transcatheter aortic valve replacement induces femoral
artery shrinkage: angiographic evidence and predictors for a new side effect. Catheter
Cardiovasc Interv. 2018;91:938-44.

Supplementary data

Supplementary Table 1. Antithrombotic therapy.

Supplementary Table 2. Details of vascular complications.
Supplementary Table 3. Predictors of the primary endpoint.
Supplementary Figure 1. Standardised mean differences before
and after propensity score matching.

The supplementary data are published online at:
https://eurointervention.pcronline.com/

doi/10.4244/E1J-D-22-00311

"
c
S
=1
=
=
(1}
<
<
(1}
=
=
o
-
NS
o
o
o
-
@
o
=
o
o
=
©



https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-22-00311

Supplementary data

Supplementary Table 1. Antithrombotic therapy.

Antithrombotic therapy | Dual ProGlide | ProGlide @+  FemoSeal | p-value
(n=437) (n=437)
Baseline
Antiplatelet monotherapy | 228 (52.2%) 205 (46.9%) 0.12
Dual antiplatelet therapy | 56 (12.8%) 40 (9.2%) 0.08
Oral anticoagulation 187 (42.8%) 176 (40.3%) 0.43
Vitamin K 48 (11.0%) 32 (7.3%) 0.06
antagonists
DOAC 139 (32.0%) 144 (33.0%) 0.94
Oral anticoagulation + 58 (13.3%) 35 (8.0%) 0.011
single antiplatelet therapy
Triple therapy* 13 (3.0%) 11 (2.5%) 0.68
Discharge
Antiplatelet monotherapy | 102 (23.3%) 125 (28.6%) 0.12
Dual antiplatelet therapy | 232 (53.1%) 230 (52.6%) 0.90
Oral anticoagulation 208 (47.6%) 207 (47.4%) 0.74
Vitamin K 44 (10.1%) 25 (5.7%) 0.014
antagonists
DOAC 164 (37.5%) 182 (41.6%) 0.30
Oral anticoagulation + 76 (17.4%) 66 (15.1%) 0.29
single antiplatelet
Triple therapy 33 (7.6%) 26 (5.9%) 0.30

Values are depicted as no. (percentage of total no.)
*Triple therapy: dual antiplatelet therapy and oral anticoagulation
DOAC: direct oral anticoagulant



Supplementary Table 2. Details of vascular complications.

Variable Dual ProGlide ProGlide + FemoSeal p-value
(n=437) (n=437)
Closure device failure 12 (2.7%) 4 (0.9%) 0.044
Hematoma/bleeding 48 (11.0%) 15 (3.4%) <0.001
Pseudoaneurysm 14 (3.2%) 15 (3.4%) 0.85
Thrombin injection of 6 (1.4%) 10 (2.3%) 0.31
pseudoaneurysm
AV-fistula 3 (0.7%) 3 (0.7%) 1
Limb ischaemia 3 (0.7%) 0 0.25
Dissection 1 (0.2%) 1 (0.2%) 1
Unplanned surgery 14 (3.2%) 3 (0.7%) 0.007
Unplanned endovascular | 4 (0.9%) 1 (0.2%) 0.37
treatment
Bailout MANTA VCD 1 (0.2%) 3 (0.7%) 0.62
Intestinal ischaemia 1 (0.2%) 0 1

Values are depicted as no. (percentage of total no.).
AV-fistula: arteriovenous fistula; VCD: vascular closure device



Supplementary Table 3. Predictors of the primary endpoint.

Univariable analysis

Multivariable analysis

OR (95% Cl) p-value OR (95% Cl) p-value
Age 1.04 (1.00-1.07) 0.041 1.04 (1.00-1.08) 0.049
GFR 0.99 (0.98-1.00) 0.11
Baseline haemoglobin 0.88 (0.7-0.98) 0.026 0.89 (0.79-1.01) 0.06
Body mass index 0.98 (0.94-1.03) 0.39
COPD 1.43 (0.78-2.64) 0.25
PAD 0.81 (0.40-1.67) 0.57
Oral anticoagulation 1.34 (0.88-2.04) 0.18
Female sex 1.28 (0.84-1.94) 0.25
ProGlide+FemoSeal 0.25 (0.15-0.41) <0.001 | 0.24 (0.14-0.39) <0.001
Coronary artery disease | 2.18 (1.36-3.51) 0.001 2.28 (1.40-3.71) 0.001
LVEF 0.99 (0.97-1.01) 0.23
Diabetes mellitus 1.16 (0.73-1.84) 0.54
Tertile 1 1.25 (0.76-2.05) 0.38
Tertile 2* Reference
Tertile 3 0.86 (0.50-1.47) 0.57

*Both study groups were divided into tertiles based on the time of intervention and tertile 2
was selected as reference for logistic regression analysis.
COPD: chronic pulmonary obstructive disease; GFR: glomerular filtration rate; LVEF: left
ventricular ejection fraction; OR: odds ratio; PAD: peripheral artery disease




Supplementary Figure 1. Standardised mean differences before and after propensity score

matching.
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Love plot of standardised mean differences before and after propensity score matching.
COPD: chronic obstructive pulmonary disease; LV: left ventricular; STS: Society of Thoracic
Surgeons



