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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, I2 = 0%), but more frequent in the analysis of RCT data (RR 1.70 
[95%CI 1.16–2.51], p = 0.01, I2 = 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, I2 = 70%; and RCT: RR 1.37 [95%CI 0.82–2.28], 
p = 0.23, I2 = 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, I2 = 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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Abbreviations
EVAR  Endovascular aortic repair
OS  Observational studies
RCT   Randomized controlled trial
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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, 

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 I2 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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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, I2 = 0%) 
(Fig. 2) and overall vascular complications (RR 0.71 [95% 
CI 0.53–0.94], p = 0.02, I2 = 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, I2 = 0%) and access-site related 
minor vascular complications (RR 0.85 [95% CI 0.51–1.41], 
p = 0.52, I2 = 6%) did not differ significantly, as well as over-
all major (RR 0.62 [95% CI 0.37–1.05], p = 0.07, I2 = 5%) 
and minor vascular complications (RR 0.79 [95% CI 
0.55–1.14], p = 0.21, I2 = 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, I2 = 0%) and endovascular stenting or 
surgery due to device failure (RR 1.13 [95% CI 0.53–2.41], 

p = 0.76, I2 = 0%) between both techniques. The analysis 
of overall bleeding events (RR 0.57 [95% CI 0.32–1.02], 
p = 0.06 I2 = 70%) and the subtypes of life-threatening or 
major bleeding (RR 0.39 [95% CI 0.11–1.37], p = 0.14, 
I2 = 72%) and minor bleeding (RR 0.59 [95% CI 0.33–1.06], 
p = 0.08, I2 = 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, I2 = 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, I2 = 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, I2 = 0%), but not that of major 

Fig. 1  Trial selection
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access-site related vascular complications (RR 2.73 [95% 
CI 0.94–7.99], p = 0.07, I2 = 0%). Endovascular stenting or 
vascular surgery due to VCD failure had to be performed 
more frequently after MANTA VCD application (RR 3.53 
[95% CI 1.07–11.66], p = 0.04, I2 = 0%). No significant dif-
ference was observed between the two techniques in terms 
of overall bleeding (RR 1.37 [95% CI 0.82–2.28], p = 0.23, 
I2 = 30%) and access-site related bleeding (RR 1.57 [95% CI 
0.97–2.53], p = 0.07, I2 = 0%) (Fig. 4).

Discussion

The main findings of this study are as follows: (1) Overall 
access-site related vascular complications appear to be more 
common in the MANTA cohort of the RCTs; (2) patients in 
the MANTA cohort of RCTs were more likely to undergo 
vascular stenting or vascular surgery due to VCD failure; 
(3) in contrast to the RCT data, the results of the OS meta-
analysis show better outcomes with the MANTA VCD in 
terms of overall access-site related vascular complications.

In contrast to our analysis, none of the previously pub-
lished meta-analyses could find a difference between the 
two VCDs in terms of vascular complications [16–18]. Most 
likely, this is due to mixing of RCTs and OS in previous 
meta-analyses, possibly leading to a high risk of bias and 
heterogeneity of results. Moreover, given the nearly diamet-
ric results in both types of studies, a joint analysis seems 
even more questionable. Furthermore, all previous meta-
analyses did not differentiate between access-site related 
vascular complications and overall vascular complications 
(including non-access-site related ones). Furthermore, two 
of the previous meta-analyses included the ProStar device 
in the cohort of suture based VCD [16, 18], and previous 
studies have already demonstrated that the ProStar device is 
inferior to ProGlide [1].

Different event rates were observed in both RCTs and 
OS, particularly with regard to vascular complications. 
Presumably, these differences are a consequence of differ-
ent assessment, adjudication and follow-up strategies. An 
important example is the structured ultrasound follow-up 
in the CHOICE-CLOSURE trial. Compared with clinical 
follow-up alone, routine ultrasound may be able to diagnose 
vascular complications more accurately, particularly minor 
ones.

Plug-based vascular closure is a commonly applied tech-
nique for small-sized arterial access and is associated with 
favorable outcome [24, 25]. The fact that these outcomes 
cannot be reproduced with large-bore vascular access using 
the MANTA VCD may have several reasons. First, operators 
have a higher cumulative experience with the application of 
suture-based closure techniques in the setting of procedures 
requiring large-bore vascular access. However, it should be Va
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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]. 

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.

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-

cular complications from observational studies. Size of data markers 
indicates weight of study in the pooled analysis. RE random effects 
model; RR risk ratio
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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. 

[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 

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, 

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
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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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