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Abstract

Background Large-bore arteriotomies can be percutaneously closed with suture-based or plug-based vascular closure device
(VCD) strategies. The efficacy of both techniques remains controversial.

Aims We conducted a meta-analysis of comparative studies between both VCD strategies, focusing on the most commonly
applied VCDs (MANTA and ProGlide).

Methods We searched MEDLINE, the Cochrane Central Register of Controlled Trials and Google scholar for observational
studies (OS) and randomized controlled trials (RCT) comparing vascular closure with the MANTA-based and the ProGlide-
based technique. The principal endpoint of this analysis was access-site related vascular complications. Both study types
were analyzed separately.

Results Access-site related vascular complications were less frequent after vascular closure with the MANTA technique in
the analysis of OS (RR 0.61 [95%CI 0.43-0.89], p=0.01, I?=0%), but more frequent in the analysis of RCT data (RR 1.70
[95%CI 1.16-2.51], p=0.01, *=0%). Both data sets provided no significant difference between the VCD techniques in
terms of overall bleeding events (OS: RR 0.57 [95%CI 0.32-1.02], p=0.06, P =70%; and RCT: RR 1.37 [95%CI 0.82-2.28],
p=0.23, P=30%). RCT data showed that endovascular stenting or vascular surgery due to VCD failure occurred more often
after MANTA application (RR 3.53 [95%CI 1.07-11.33], p=0.04, *=0%).

Conclusions While OS point to favorable outcomes for large-bore vascular closure with the MANTA-based technique, RCT
data show that this strategy is associated with more access-site related vascular complications as well as endovascular stent-
ing or vascular surgery due to device failure compared with the ProGlide-based technique.
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Graphical abstract

Meta-analysis of two RCTs (722 patients) and five OS (1406 patients) comparing
MANTA and ProGlide VCD for large-bore vascular closure
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Abbreviations

EVAR Endovascular aortic repair

oS Observational studies

RCT Randomized controlled trial

RR Risk ratio

TAVI Transcatheter aortic valve implantation

va-ECMO  Venoarterial extracorporeal membrane
oxygenation

VARC Valve academic research consortium

VCD Vascular closure device

Introduction

Suture-based vascular closure devices (VCDs) have been
the sole option for non-surgical percutaneous large-bore
arterial access-site closure for several years. The Perclose
ProGlide VCD (Abbott Vascular, Chicago, Illinois, USA)
is most commonly used, and appears to be superior to other
suture-based techniques [1, 2]. It is commonly applied in
several percutaneous procedures requiring large-bore vas-
cular access, such as transcatheter aortic valve implanta-
tion (TAVI) [1, 2], venoarterial extracorporeal membrane
oxygenation (va-ECMO) [3], and endovascular aortic repair
(EVAR) [4]. But despite increasing operator experience
and improved procedural techniques, vascular complica-
tions due to suture-based VCD failure remain common and
are associated with significant morbidity and mortality [5,
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6], which necessitated the development of alternative VCD
technologies.

The MANTA VCD (Teleflex, Wayne, Pennsylvania,
USA) is the most studied of the recently introduced newer
generation large-bore VCDs. It relies on access-site closure
using a collagen plug, an approach that is similar to smaller
plug-based VCDs [7]. A growing number of observational
studies (OS) reported that the MANTA-based closure tech-
nique is associated with comparable or less vascular compli-
cations compared to the ProGlide-based technique [6, 8—13].
These studies were followed by the randomized MASH
trial, which did not find significant differences in access-
site related bleeding and vascular complications between
both VCD strategies [14]. The larger randomized CHOICE-
CLOSURE study showed that access-site related vascular
complications occurred more frequently in patients receiving
the MANTA VCD [15].

Consequently, meta-analyses comparing both VCDs
have been recently performed [16—18], but none of them
found a difference in terms of vascular complications or
bleeding events between both techniques. However, these
meta-analyses have important methodological limitations,
particularly by mixing OS and randomized controlled trials
(RCTs). Therefore, we sought to compare the plug-based
MANTA technique and the suture-based ProGlide technique
based on published data from both OS and RCTs in a col-
laborative meta-analysis, but with separate analyses of the
OS and RCTs.
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Methods
Search strategy and selection criteria

We searched PubMed, Google Scholar, and the Cochrane
Central Register of Controlled Trials for reports pub-
lished between January 1, 2014, and November 1, 2021.
We set the start of the search period two years before the
CE certification of the MANTA VCD. Three term groups
were used, of which at least one term of each group was
required to match: (1) vascular closure; vascular closure
device; vascular; large-bore arteriotomy; large bore arteri-
otomy; large-bore arteriotomies; large bore arteriotomies;
percutaneous closure; percutaneous AND (2) MANTA;
plug-based; plug based; plug AND (3) ProGlide; Perclose;
suture-based; suture based; suture.

We included peer-reviewed RCTs as well as peer-
reviewed OS comparing the plug-based MANTA and the
suture-based ProGlide vascular closure techniques after
large-bore vascular access. Only studies reporting vascular
complications according to the Valve Academic Research
Consortium (VARC)-2 criteria were included [19]. Studies
that did not differentiate between major and minor vascular
complications or whose results did not clearly present this
differentiation were excluded.

Data extraction

Two independent investigators (OD, DO) performed
the literature search using the previously defined search
terms. Studies that did not meet the eligibility criteria were
excluded. Discrepancies were resolved by consensus after
discussion. Data extraction from available full-text articles
was also carried out independently by two investigators
(OD and DO) using piloted spreadsheets. Once again, dis-
crepancies were resolved by consensus after discussion. In
addition, unpublished data from the CHOICE-CLOSURE
trial [15] and the observational study by Dumpies et al.
[9] were included if necessary. Two investigators (OD and
DO) independently assessed the risk of bias of the stud-
ies according to the Cochrane Collaboration's tools for
non-randomized studies [20] (supplementary table 1) and
randomized studies [21] (supplementary table 2).

Study outcomes

The principal endpoint of this analysis is access-site
related vascular complications defined according to
VARC-2. OS only partially differentiated between
access-site related and non-access-site related vascular

complications. Therefore, we also assessed the occurrence
of overall vascular complications in this data set.

Secondary endpoints included all-cause mortality, over-
all-, life-threatening or major and minor bleeding events
(VARC-2), VCD failure (VARC-2), as well as endovascular
stenting and vascular surgery due to VCD failure.

As the MASH trial did not provide information on the
distribution of life-threatening, major and minor bleeding
events, only the rates of overall and access-site related bleed-
ing events were reported in the RCT group. The two RCTs
used different definitions of VCD failure. Therefore, we only
matched the need for endovascular stenting and vascular sur-
gery due to VCD failure. In addition, mortality data in the
MASH trial have not been reported. A detailed list of all
outcome definitions, inclusion and exclusion criteria for each
study is provided in supplementary tables 3 and 4.

Data analysis

OS and RCTs were analyzed separately. For the principal
and secondary outcomes, risk ratios (RR) were calculated
based on the number of events and the number of patients
per group. These study-level results were pooled by means
of a random effects meta-analysis using the Mantel-Haen-
szel method as primary analysis. Between-study variance
was estimated using the Paule-Mandel estimator. The result
of a fixed-effect meta-analysis is reported in addition. In
case of evidence for a small-study effect and a more con-
servative result of the fixed-effect meta-analysis as compared
to the random effects meta-analysis, primary interpretation
was based on the result of the fixed-effect meta-analysis.
Cochran’s Q statistic and Higgins and Thompsons I> were
calculated to assess heterogeneity. We used R (version
4.1.2) and its package meta (version 5.1-1) for all statistical
analyses.

Results

Our search identified 1057 articles, of which two RCTs and
eight OS remained after excluding duplicates and studies not
meeting the above-mentioned selection criteria. Two OS [22,
23] were excluded because they compared the MANTA VCD
with the ProStar VCD. One observational study [12] had to
be ruled out, as the data available to us could not provide a
clear conclusion about major and minor vascular complica-
tions according to the VARC-2 criteria. The study selection
process is described in Fig. 1. Ultimately, we included five
OS with a total of 1406 patients comparing the MANTA
(n=587) and ProGlide (n=819) techniques after TAVI
(Table 1). Both RCTs included overall 360 patients treated
with the plug-based technique and 362 patients treated with
the suture-based technique. The main study characteristics
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Fig. 1 Trial selection
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are summarized in Table 1. Major baseline characteristics
of all included studies are presented in Table 2.

Observational studies

In the OS group, overall access-site related vascular com-
plications (RR 0.61 [95% CI 0.43-0.89], p=0.01, I?=0%)
(Fig. 2) and overall vascular complications (RR 0.71 [95%
CI 0.53-0.94], p=0.02, 12=0%) were significantly less
frequent after application of the MANTA technique. The
individual events access-site related major (RR 0.37 [95%
CI 0.14-1.01], p=0.05, 12:0%) and access-site related
minor vascular complications (RR 0.85 [95% CI 0.51-1.41],
p=0.52, = 6%) did not differ significantly, as well as over-
all major (RR 0.62 [95% CI 0.37-1.05], p=0.07, ’=5%)
and minor vascular complications (RR 0.79 [95% CI
0.55-1.14], p=0.21, P=0%) (Fig. 3). There was also no rel-
evant difference in the rate of VCD failure (RR 0.82 [95% CI
0.49-1.38], p=0.46, =0%) and endovascular stenting or
surgery due to device failure (RR 1.13 [95% CI 0.53-2.41],

@ Springer

p=0.76, I’=0%) between both techniques. The analysis
of overall bleeding events (RR 0.57 [95% CI 0.32-1.02],
p=0.06 >=70%) and the subtypes of life-threatening or
major bleeding (RR 0.39 [95% CI 0.11-1.37], p=0.14,
= 72%) and minor bleeding (RR 0.59 [95% CI 0.33-1.06],
p=0.08, ’=0.0%) showed a trend but no significant dif-
ference between the plug-based and the suture-based tech-
niques. There was also no significant difference in mortality
between both VCD strategies (RR 0.51 [95% CI 0.17-1.51],
p=0.22, I’=0%) (supplementary Fig. 1).

Randomized controlled trials

In the analysis of RCT data, overall access-site related vas-
cular complications occurred significantly more frequently
after vascular closure with the MANTA technique (RR 1.70
[95% CI 1.16-2.51], p=0.01, =0%) (Fig. 2). Similarly,
the rate of minor access-site related vascular complications
was significantly higher in the MANTA cohort (RR 1.55
[95% CI 1.01-2.36], p=0.04, 2=0%), but not that of major
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Fig.2 Access-site related vascular complications after MANTA ver-
sus ProGlide vascular closure. A Access-site related vascular compli-
cations from randomized controlled trials. B Access-site related vas-

mentioned that the MANTA VCD has a short learning curve
[11, 26], and the principal concepts of plug-based techniques
should be familiar to the majority of operators. Second,
the MANTA VCD seems to be more prone to misplace-
ment resulting in vascular complications than the suture-
based ProGlide VCD. Mocetti et al. previously described
several failure mechanisms that could lead to device fail-
ure and pseudoaneurysms [26]. In addition, the MANTA
VCD appears to achieve faster hemostasis, which may pro-
vide a false sense of security and lead to unnoticed bleed-
ing, which may potentially explain the significantly higher
incidence of pseudoaneurysms after MANTA application in
the CHOICE-CLOSURE trial [15]. Moriyama et al. demon-
strated that with the help of ultrasound guidance, device fail-
ure could be mitigated, with lower rate of access-site related
vascular and bleeding complications [27]. Furthermore, van
Wiechen et al. found a small vessel diameter and a high or
low puncture height in relation to the femoral bifurcation
to be associated with a poor outcome of the MANTA VCD
[28]. In addition, Kmiec et al. described female sex, vascular
access-site angulation and more than mild vascular calcifica-
tion of the dorsal vessel segment as other potential predictors
of MANTA device failure and vascular complications [29].
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cular complications from observational studies. Size of data markers
indicates weight of study in the pooled analysis. RE random effects
model; RR risk ratio

Therefore, optimizing patient selection and application of
the device could possibly improve outcomes. The disparate
results of OS and RCTs could also suggest that an unselected
use of the MANTA VCD yields worse outcomes. Neverthe-
less, the higher cost of the MANTA device must be balanced
against its potential advantages in everyday clinical practice,
especially since the MASH [14] and CHOICE-CLOSURE
studies [15] found no advantage in unselected use of the
MANTA VCD over the ProGlide technique.

Another procedural advantage of the ProGlide tech-
nique is the fact that wire access to the vessel is maintained
during vascular closure. This enables the operator to apply
additional VCDs even if the device does not achieve full
hemostasis. In contrast, once the plug-based VCD fails,
there are only a few bail-out options such as endovascular
stenting or vascular surgery. Nevertheless, the MANTA
VCD has already been successfully used in several cases
as a bail-out device after ProGlide failure [14, 15, 30],
which could possibly reduce the need for endovascular
stenting or vascular surgery after suture-based VCD fail-
ure. A detailed investigation of the MANTA device as a
bail-out option is currently missing.



Clinical Research in Cardiology

A RR 95% Cl Weight (RE) Risk Ratio RR 95% Cl Weight (RE) Risk Ratio
Alietal. 0.24 [0.01 - 4.64] 115% —«—f—— Alietal. 1.43 [0.46 - 4.46) 19.8%
Dumpies et al. 0.39 [0.14-1.13] 88.5% —sT Dumpies et al. 0.74 [0.44-1.26) 80.2%
(
(
(
Fixed effect model 0.37 [0.14-1.00] _— Fixed effect model 0.83 [0.51-1.34] <D>
Random effects model 0.37 [0.14-1.01] 100% <> Random effects model 0.85 [0.51-1.41] 100% —_—
1.1 1 1 1 1
0.1 0.5 1.0 2.0 10.0
ity: I? = 2= = 0.5 1.0 2.0
;:Ie!(efrogene/r};} /f; Ot% T ;Jl:)? p=077 — — Heterogeneity: 1> = 6% T?=0, p = 0.30
est jor overail ejject: p = 0. Favours MANTA Favours ProGlide o — _—
Test for overall effect: p = 0.52 Favours MANTA Favours ProGlide
RR 95% Cl Weight (RE) Risk Ratio RR 95% CI Weight (RE) Risk Ratio
Ali etal. 0.93 [0.40-2.17) 112% Ali etal. 0.19 [0.01-3.46] 32% @ ——————F— 1 —
Biancari et al. 0.89 [0.46-1.71] 18.8% Biancari et al. 0.77 [0.36 - 1.65] 422% —
Dumpies et al. 0.57 [0.36-0.89] 39.4% B Dumpies et al. 0.31 [0.11-0.89] 24.0% L
i
Medranda et al. 1.00 [0.33-3.02) 6.6 % Medranda et al. - 0.0% :
Moriyami et al. 0.70 [0.39-1.24) 24.0% —_— Moriyami et al. 0.89 [0.36-2.22] 30.6 % L
¢ I
¢ i
X i
Fixed effect model 070 [0.53 - 0.93] _— Fixed effect model ~ 0.70 [0.53-0.93] <
Random effects model 0.71 [0.53-0.94] 100% _ Random effects model 0.71 [0.53-0.94] 100% <
Heterogeneity: 12= 0% T*= 0, p = 0.71 0.5 1.0 2.0 Heterogeneity: 12 = 5% T2 = 0.01, p = 0.37 01 051020 100
Test for overall effect: p = 0.02 Favours MANTA Favours ProGlide Test for overall effect: p = 0.07 FamNTA Favmlide
RR 95% Cl Weight (RE) Risk Ratio
Ali etal. 134 [0.53-3.37) 15.8% —_—r
Biancari et al. 1.43 [0.33-6.26] 62% —_—
Dumpies et al. 0.70 [0.41-1.18] 48.9 % ———t—
Medranda et al. 1.00 [0.33-3.02] 11.1%
Moriyami et al. 0.50 [0.21-1.19] 17.9%
Fixed effect model 0.78 [0.55-1.13] _—
Random effects model 0.79 [0.55-1.14] 100% —
[ T T 1
0.2 0.5 1.0 2.0 5.0

Heterogeneity: I = 0% T?=0, p = 0.50
Test for overall effect: p = 0.21

Fig. 3 Risk ratio for vascular complications of observational studies.
A Major access-site related vascular complications, B minor access-
site related vascular complications, C overall vascular complications,

Plug-based VCDs could represent an additional option
for other procedures requiring large-bore vascular closure
such as thoracic endovascular aortic repair (TEVAR), EVAR
and va-ECMO. Initial registry studies and case reports have
already shown that plug-based VCDs could be a safe alterna-
tive to the ProGlide VCD [31-33]. However, comparative
and randomized studies are still lacking in this setting and
could therefore not be included in this meta-analysis.

The results of our study reinforce the importance of
adequately powered RCTs for the evaluation of new proce-
dures and devices. Even OS with a large number of included
patients (Dumpies et al. [9] and Medranda et al. [10]) or
methodologically sophisticated propensity-matched analy-
ses (Medranda et al. [10] and Moriyama et al. [11]), could
not anticipate the results obtained by the RCTs, both of
which pointed in the same direction leading to a low grade
of statistical heterogeneity. Accordingly, the meta-analysis
of OS could not find any different results other than those
previously published, as there seems to be a relevant bias in
all non-randomized comparisons between the MANTA and
ProGlide VCD.

There are several confounders that may have influenced
the outcome of OS. First, a certain selection bias cannot be
excluded in studies that used both VCDs in parallel (Ali et al.

— J——
Favours MANTA Favours ProGlide

D major vascular complications, and E minor vascular complications.
Size of data markers indicates weight of study in the pooled analysis.
RE random effects model; RR risk ratio

[13], Biancari et al. [8], Dumpies et al. [9] and Medranda
et al. [10]). For the OS that introduced the MANTA device
after the ProGlide device, it can be suspected that the opera-
tors’ growing experience with large-bore access may have
positively influenced the results of the plug-based VCD
(Moriyama et al. [11]). Propensity-matched analyses can
create virtual equality between the two VCD groups with
respect to measured confounding factors and baseline char-
acteristics. Nevertheless, some important variables, such
as the exact access-site vascular characteristics or puncture
details, are too complex to be accurately included in such an
analysis and possible unknown factors cannot be accounted
for. Finally, RCTs remain the reference standard for compar-
ing treatment options with a low risk of bias due to unmeas-
ured confounders.

Limitations

Our meta-analysis has several limitations. First, this analysis
is mainly based on published data. We did not have access
to data on the patient level, except for CHOICE-CLOSURE
[15] and Dumpies et al. [9]. Second, it was not possible to
collect all outcome data targeted in the planning phase of
the meta-analysis from all included studies (supplementary
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Fig.4 Risk ratio for vascular events, bleeding events and endovascu-
lar stenting or vascular surgery due to vascular closure device failure
of randomized controlled trials. A Major access-site related vascular
complications, B minor access-site related vascular complications, C

table 3). Third, only two randomized trials were published
and therefore available for inclusion in this meta-analysis.
Fourth, all included comparative studies analyzed only
large-bore vascular closure after TAVI. Therefore, no state-
ment can be made regarding the use of the MANTA VCD
after TEVAR, EVAR or va-ECMO. Finally, all included OS
show a relevant risk of bias in comparing the MANTA and
ProGlide VCD (supplementary table 2).

Conclusion

RCT data show that large-bore vascular closure with the
MANTA-based technique is associated with a significantly
increased rate of access-site related vascular complications
as well as endovascular stenting or vascular surgery due to
device failure compared with the ProGlide-based technique.
The meta-analysis of OS provided opposite findings. These
results highlight the importance of high-quality RCTs as
evidence for guiding treatment decisions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00392-022-02145-5.
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overall bleeding events, D access-site related bleeding events, E stent-
ing or vascular surgery due to vascular closure device failure. Size of
data markers indicates weight of study in the pooled analysis. RE ran-
dom effects model; RR risk ratio

Funding Open Access funding enabled and organized by Projekt
DEAL.

Availability of data and material Upon request.

Code availability R (version 4.1.2) and its package meta (version 5.1-1)
for all statistical analyses.

Declarations

Conflict of interest Prof. M. Abdel-Wahab reports that his hospital re-
ceives speaker’s honoraria and/or consultancy fees on his behalf from
Medtronic and Boston Scientific. Prof. N. Van Mieghem received
research grant support from Abbott Vascular, Boston Scientific, Ed-
wards Lifesciences, Biotronik, Medtronic, Daiichi Sankyo, Abiomed,
PulseCath BV, Pie Medical. All other authors have no conflicts of in-
terest to declare.

Ethics approval Patient-level data from the CHOICE-CLOSURE
trial and Dumpies et al. were used in this study. The patient data from
Dumpies et al. were collected as part of a dedicated institutional reg-
istry (Leipzig TAVI registry) approved by the local ethics committee.
All patients provided a written informed consent. The CHOICE-CLO-
SURE trial was approved by the local ethics committees of all partici-
pating centers, and each patient provided written informed consent for
inclusion in the trial.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long


https://doi.org/10.1007/s00392-022-02145-5

Clinical Research in Cardiology

as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1.

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 (2016) One-year
outcomes with two suture-mediated closure devices to achieve
access-site haemostasis following transfemoral transcatheter aor-
tic valve implantation. Eurolntervention 12:1298-1304. https://
doi.org/10.4244/eijv12i10a213

Power D, Schifer U, Guedeney P, Claessen BE, Sartori S, Sor-
rentino 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 (2019) Impact of percutaneous closure
device type on vascular and bleeding complications after TAVR:
a post hoc analysis from the BRAVO-3 randomized trial. Cath-
eter Cardiovasc Interv 93:1374-1381. https://doi.org/10.1002/ccd.
28295

Hwang J-W, Yang JH, Sung K, Song YB, Hahn J-Y, Choi J-H,
Gwon H-C, Choi S-H (2016) Percutaneous removal using Per-
close ProGlide closure devices versus surgical removal for wean-
ing after percutaneous cannulation for venoarterial extracorporeal
membrane oxygenation. J Vasc Surg 63:998-1003.el. https://doi.
org/10.1016/j.jvs.2015.10.067

Lee WA, Brown MP, Nelson PR, Huber TS (2007) Total percuta-
neous access for endovascular aortic aneurysm repair (“Preclose”
technique). J Vasc Surg 45:1095-1101. https://doi.org/10.1016/].
jvs.2007.01.050

Hayashida K, Lefévre T, Chevalier B, Hovasse T, Romano M,
Garot P, Mylotte D, Uribe J, Farge A, Donzeau-Gouge P, Bou-
vier E, Cormier B, Morice M-C (2011) Transfemoral aortic valve
implantation new criteria to predict vascular complications. JACC
Cardiovasc Interv 4:851-858. https://doi.org/10.1016/j.jcin.2011.
03.019

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, Baba-
liaros 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 (2016) Transcatheter or surgical aortic-
valve replacement in intermediate-risk patients. N Engl ] Med
374:1609-1620. https://doi.org/10.1056/NEJMoal514616

van Gils L, Daemen J, Walters G, Sorzano T, Grintz T, Nardone S,
Lenzen M, de Jaegere PPT, Roubin G, van Mieghem NM (2016)
MANTA, a novel plug-based vascular closure device for large
bore arteriotomies: technical report. Eurolntervention 12:896—
900. https://doi.org/10.4244/E1JV1217A147

Biancari F, Romppanen H, Savontaus M, Siljander A, Mikikal-
lio T, Piira O-P, Piuhola J, Vilkki V, Ylitalo A, Vasankari T,

10.

12.

13.

14.

16.

17.

19.

Airaksinen JKE, Niemeld M (2018) MANTA versus ProGlide
vascular closure devices in transfemoral transcatheter aortic valve
implantation. Int J Cardiol 263:29-31. https://doi.org/10.1016/j.
ijjcard.2018.04.065

Dumpies O, Kitamura M, Majunke N, Hartung P, Haag A, Wilde
J, Desch S, Sandri M, Crusius L, Noack T, Kiefer P, Leontyev S,
Borger M, Thiele H, Holzhey D, Abdel-Wahab M (2021) Manta
versus Perclose ProGlide vascular closure device after transcathe-
ter aortic valve implantation: Initial experience from a large Euro-
pean center. Cardiovasc Revasc Med. https://doi.org/10.1016/j.
carrev.2021.06.134

Medranda GA, Case BC, Zhang C, Rappaport H, Weissman G,
Bernardo NL, Satler LF, Ben-Dor I, Rogers T, Waksman R (2021)
Propensity-matched comparison of large-bore access closure in
transcatheter aortic valve replacement using MANTA versus
perclose: a real-world experience. Catheter Cardiovasc Interv
98:580-585. https://doi.org/10.1002/ccd.29786

. Moriyama N, Lindstrom L, Laine M (2019) Propensity-matched

comparison of vascular closure devices after transcatheter aortic
valve replacement using MANTA versus ProGlide. Eurolnterven-
tion 14:e1558—e1565. https://doi.org/10.4244/E1J-D-18-00769
Hoffmann P, Al-Ani A, von Lueder T, Hoffmann J, Majak P,
Hagen O, Loose H, Klgw NE, Opdahl A (2018) Access site com-
plications after transfemoral aortic valve implantation—a com-
parison of Manta and ProGlide. CVIR Endovasc 1:20. https://doi.
org/10.1186/s42155-018-0026-0

Ali N, Dospinescu C, Cunnington M, Malkin C, Blackman D
(2021) A comparison of efficacy, safety and cost between MANTA
TM and proglide vascular closure devices following transfemoral
transcatheter aortic valve implantation. Heart Res Open J. https://
doi.org/10.17140/HROJ-8-156

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 (2021) Suture-
or plug-based large-bore arteriotomy closure: a pilot randomized
controlled trial. JACC Cardiovasc Interv 14:149-157. https://doi.
org/10.1016/j.jcin.2020.09.052

. 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 A-K, Hohenstein S, Desch S,
Holzhey D, Thiele H (2021) 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. https://doi.org/
10.1161/CIRCULATIONAHA.121.057856

Al-Abdouh A, Abusnina W, Mhanna M, Barbarawi M, Jabri A,
Bizanti A, Abdel-Latif A, Goldsweig AM, Alkhouli M, Lichaa
H, Kerrigan J, Paul TK (2022) MANTA versus suture-based clo-
sure devices following transcatheter aortic valve replacement:
an updated meta-analysis. J Soc Cardiovasc Angiogr Intervent.
https://doi.org/10.1016/j.jscai.2022.100397

Mahalwar G, Shariff M, Datla S, Agrawal A, Rathore SS, Arif
TB, Igbal K, Hussain N, Majmundar M, Kumar A, Kalra A (2022)
Meta-analysis of ProGlide versus MANTA vascular closure
devices for large-bore access site management. Indian Heart J
74:251-255. https://doi.org/10.1016/.ihj.2022.03.003

. Sakata T, Kuno T, Fujisaki T, Yokoyama Y, Misumida N, Sugiura

T, Latib A (2022) Selection of vascular closure devices in tran-
scatheter aortic valve replacement: systematic review and network
meta-analysis. Cardiovasc Revasc Med. https://doi.org/10.1016/j.
carrev.2022.08.011

Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem
NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es
G-A, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ,
Mehran R, Rodés-Cabau J, Vranckx P, Webb JG, Windecker S,

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4244/eijv12i10a213
https://doi.org/10.4244/eijv12i10a213
https://doi.org/10.1002/ccd.28295
https://doi.org/10.1002/ccd.28295
https://doi.org/10.1016/j.jvs.2015.10.067
https://doi.org/10.1016/j.jvs.2015.10.067
https://doi.org/10.1016/j.jvs.2007.01.050
https://doi.org/10.1016/j.jvs.2007.01.050
https://doi.org/10.1016/j.jcin.2011.03.019
https://doi.org/10.1016/j.jcin.2011.03.019
https://doi.org/10.1056/NEJMoa1514616
https://doi.org/10.4244/EIJV12I7A147
https://doi.org/10.1016/j.ijcard.2018.04.065
https://doi.org/10.1016/j.ijcard.2018.04.065
https://doi.org/10.1016/j.carrev.2021.06.134
https://doi.org/10.1016/j.carrev.2021.06.134
https://doi.org/10.1002/ccd.29786
https://doi.org/10.4244/EIJ-D-18-00769
https://doi.org/10.1186/s42155-018-0026-0
https://doi.org/10.1186/s42155-018-0026-0
https://doi.org/10.17140/HROJ-8-156
https://doi.org/10.17140/HROJ-8-156
https://doi.org/10.1016/j.jcin.2020.09.052
https://doi.org/10.1016/j.jcin.2020.09.052
https://doi.org/10.1161/CIRCULATIONAHA.121.057856
https://doi.org/10.1161/CIRCULATIONAHA.121.057856
https://doi.org/10.1016/j.jscai.2022.100397
https://doi.org/10.1016/j.ihj.2022.03.003
https://doi.org/10.1016/j.carrev.2022.08.011
https://doi.org/10.1016/j.carrev.2022.08.011

Clinical Research in Cardiology

20.

21.

22.

23.

24.

25.

Serruys PW, Leon MB (2012) Updated standardized endpoint
definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document (VARC-
2). Eur J Cardiothorac Surg 42:545-60. https://doi.org/10.1093/
ejcts/ezs533

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I,
Carpenter JR, Chan A-W, Churchill R, Deeks JJ, Hrébjartsson A,
Kirkham J, Jiini P, Loke YK, Pigott TD, Ramsay CR, Regidor D,
Rothstein HR, Sandhu L, Santaguida PL, Schiinemann HJ, Shea
B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H,
Waters E, Wells GA, Whiting PF, Higgins JP (2016) ROBINS-
I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ 355:i4919. https://doi.org/10.1136/bmj.i4919
Sterne JAC, Savovié J, Page MJ, Elbers RG, Blencowe NS,
Boutron I, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM,
Emberson JR, Hernan MA, Hopewell S, Hrébjartsson A, Jun-
queira DR, Jiini P, Kirkham JJ, Lasserson T, Li T, McAleenan A,
Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White
IR, Whiting PF, Higgins JPT (2019) RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ 366:14898. https://
doi.org/10.1136/bm;j.14898

Gheorghe L, Brouwer J, Mathijssen H, Nijenhuis VJ, Rensing BJ,
Swaans MJ, Chan Pin Yin DR, Heijmen RH, de Kroon T, Sonker
U, van der Heyden JA, ten Berg JM (2019) Early outcomes after
percutaneous closure of access site in transfemoral transcatheter
valve implantation using the novel vascular closure device colla-
gen plug-based MANTA. Am J Cardiol 124:1265-1271. https://
doi.org/10.1016/j.amjcard.2019.07.030

de Palma R, Settergren M, Riick A, Linder R, Saleh N (2018)
Impact of percutaneous femoral arteriotomy closure using the
MANTATM device on vascular and bleeding complications after
transcatheter aortic valve replacement. Catheter Cardiovasc Interv
92:954-961. https://doi.org/10.1002/ccd.27595

Das R, Ahmed K, Athanasiou T, Morgan RA, Belli A-M (2011)
Arterial closure devices versus manual compression for femo-
ral haemostasis in interventional radiological procedures: a sys-
tematic review and meta-analysis. Cardiovasc Intervent Radiol
34:723-738. https://doi.org/10.1007/s00270-010-9981-0

Rastan A, Sixt S, Schwarzwilder U, Schwarz T, Frank U, Biirgelin
K, Pochert V, Noory E, Amantea P, Gremmelmaier D, Miiller C,
Biittner H-J, Neumann F-J, Zeller T (2008) VIPER-2: a prospec-
tive, randomized single-center comparison of 2 different closure
devices with a hemostatic wound dressing for closure of femoral

@ Springer

26.

217.

28.

29.

30.

31.

32.

33.

artery access sites. J Endovasc Ther 15:83-90. https://doi.org/10.
1583/07-2253.1

Moccetti F, Brinkert M, Seelos R, Ockert S, Bossard M, Cuculi
F, Kobza R, Toggweiler S (2019) Insights from a multidiscipli-
nary introduction of the MANTA vascular closure device. JACC
Cardiovasc Interv 12:1730-1736. https://doi.org/10.1016/j.jcin.
2019.06.049

Moriyama N, Dahlbacka S, Vihisilta T, Vainikka T, Aho P,
Viikild J, Lammintausta O, Laine M (2019) The Efficacy of the
Ultrasound-Navigated MANTA Deployment Following Transfem-
oral Transcatheter Aortic Valve Replacement. JACC Cardiovasc
Interv 12:2564-2566. https://doi.org/10.1016/j.jcin.2019.09.018
van Wiechen MP, Kroon H, Hokken TW, Ooms JF, de Ronde-
Tillmans MJ, Daemen J, de Jaegere PP, van Mieghem NM (2021)
Vascular complications with a plug-based vascular closure device
after transcatheter aortic valve replacement: predictors and bail-
outs. Catheter Cardiovasc Interv 98:E737-E745. https://doi.org/
10.1002/ccd.29506

Kmiec L, Zerdzitzki M, Schmid C, Debl K, Sossalla S, Hilker M,
Holzamer A (2021) Evaluation of the MANTA Vascular Closure
Device in Transfemoral TAVI. Thorac Cardiovasc Surg. https://
doi.org/10.1055/s-0041-1730972

Ali N, Blackman DJ, Cunnington M, Malkin CJ (2019) Use of
the MANTA device to rescue failed pre-closure following trans-
femoral transcatheter aortic valve implantation. J Cardiol Cases
19:81-84. https://doi.org/10.1016/j.jccase.2018.12.001

Krajcer Z, Wood DA, Strickman N, Bernardo N, Metzger C, Aziz
M, Bacharach JM, Nanjundappa A, Campbell J, Lee JT, Dake
MD, Lumsden A, Nardone S (2020) Pivotal clinical study to
evaluate the safety and effectiveness of the MANTA vascular clo-
sure device during percutaneous EVAR and TEVAR procedures.
J Endovasc Ther 27:414-420. https://doi.org/10.1177/1526602820
912224

Dahlbacka S, Vihisilta T, Moriyama N, Vainikka T, Aho P,
Laine M (2020) Ultrasound-navigated MANTA deployment after
removal of extracorporeal membrane oxygenation cannula. Ann
Thorac Surg 110:¢307-e309. https://doi.org/10.1016/j.athoracsur.
2020.01.064

Montero-Cabezas JM, van der Meer RW, van der Kley F, Elzo
Kraemer CV, Lépez Matta JE, Schalij MJ, de Weger A (2019) Per-
cutaneous decannulation of femoral venoarterial ECMO cannulas
using MANTA vascular closure device. Can J Cardiol 35:796.
€9-796.el1. https://doi.org/10.1016/j.cjca.2019.02.010


https://doi.org/10.1093/ejcts/ezs533
https://doi.org/10.1093/ejcts/ezs533
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.amjcard.2019.07.030
https://doi.org/10.1016/j.amjcard.2019.07.030
https://doi.org/10.1002/ccd.27595
https://doi.org/10.1007/s00270-010-9981-0
https://doi.org/10.1583/07-2253.1
https://doi.org/10.1583/07-2253.1
https://doi.org/10.1016/j.jcin.2019.06.049
https://doi.org/10.1016/j.jcin.2019.06.049
https://doi.org/10.1016/j.jcin.2019.09.018
https://doi.org/10.1002/ccd.29506
https://doi.org/10.1002/ccd.29506
https://doi.org/10.1055/s-0041-1730972
https://doi.org/10.1055/s-0041-1730972
https://doi.org/10.1016/j.jccase.2018.12.001
https://doi.org/10.1177/1526602820912224
https://doi.org/10.1177/1526602820912224
https://doi.org/10.1016/j.athoracsur.2020.01.064
https://doi.org/10.1016/j.athoracsur.2020.01.064
https://doi.org/10.1016/j.cjca.2019.02.010

	Comparison of plug-based versus suture-based vascular closure for large-bore arterial access: a collaborative meta-analysis of observational and randomized studies
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Search strategy and selection criteria
	Data extraction
	Study outcomes
	Data analysis

	Results
	Observational studies
	Randomized controlled trials

	Discussion
	Limitations

	Conclusion
	References


