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Site in Transfemoral Transcatheter Valve Implantation
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A new collagen-based MANTA vascular closure device (VCD) was developed for closing
large-bore arteriotomies after transfemoral transcatheter aortic valve implantation
(TAVI).
We evaluated safety and feasibility at 30-day follow-up in terms of vascular and bleeding
complications and mortality of the collagen-based MANTA VCD compared with the
suture-based Prostar XL VCD in a cohort of 366 patients who underwent transfemoral
TAVI between January 2015 and April 2018. The MANTA VCD was used in 168 patients
and the Prostar XL VCD in 198 patients, with successful closure of 98.8% and 98.5%,
respectively. VARC-2 defined as major vascular and bleeding complications was similar
in both groups (MANTA vs Prostar XL): 0.6% versus 1.0% (p = 0.661) and 0.6% versus
1.5% (p = 0.102). Minor vascular and bleeding complications, were significantly more fre-
quent (10.7 vs 18.8 %, p = 0.003 and 13.7 vs 19.7%, p = 0.080, respectively) in the Prostar
XL cohort. Thirty-day all-cause mortality was 2.7%, without significant difference
between the groups (p = 0.278). The MANTA device is a safe and feasible option for vas-
cular access closure in patients undergoing transfemoral TAVI. © 2019 Elsevier Inc.
All rights reserved. (Am J Cardiol 2019;124:1265−1271)
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Transcatheter aortic valve implantation (TAVI) has
become the standard of care in high-risk patients with
severe symptomatic aortic stenosis.1 Recent studies have
shown promising results in low and intermediate risk
patients.2−4 In the actual context of an expanding ageing
population, the number of TAVI is expected to grow four-
to 10-fold over the next decade.5 Although, the rate of vas-
cular access complications has also decreased,6−10 it still
remains one of the pitfalls of TAVI. Prostar XL and Pro-
glide (Abbott Vascular Inc., Santa Clara, California) devi-
ces are extensively used as vascular closure device (VCD)
in TAVI procedure. The MANTA (Essential Medical inc.,
Malvern, Pennsylvenia) is a new collagen plug-based
VCD, designed for closure of a large caliber arteriotomy,
with favorable initial experience.11,12 This study describes
our experience using the MANTA VCD for percutaneous
access closure during transfemoral TAVI, compared with
our previous experience with the Prostar XL.
Methods

The study population encompassed 366 consecutive
patients with severe symptomatic aortic stenosis who
underwent transfemoral TAVI (TF-TAVI) between Janu-
ary 2015 and April 2018. The Heart Team evaluated
patients as candidates for TAVI, according to the current
guidelines. Multidetector computed tomography (MDCT)
was performed in order to determine valve size and arte-
rial access and it was analyzed using dedicated software
(3Mensio, Pie Medical System).

All procedures were performed using transfemoral
approach, under general or local anesthesia. The arterial
access was obtained using fluoroscopic or ultrasound guid-
ance. Direct aortic valve implantation was the preferred
strategy with postdilatation, if needed. Final routine rota-
tional angiography, to evaluate hemostasis achievement at
the access site was performed only in the MANTA cohort.
The angiography was performed from RAO 30˚ to LAO
30˚ using 20 ml contrast.

Aspirin was started before the TAVI procedure. Since
2015, all willing patients were included in POPULAR TAVI
(NCT02247128) study and when randomized to additional
clopidogrel, loading dose was started the day before or in the
morning of the procedure. Novel oral anticoagulants were
discontinued at least 24 hours before the procedure and
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Table 1

Baseline characteristics

Variable MANTA

(n = 168)

Prostar XL

(n = 198)

p Value

Clinical variables

Age (years) 80.7 § 6.7 81.7 § 6.1 0.114

Male gender 94 (56%) 94 (48%) 0.106

BMI (kg/m2) 26.2 § 4.1 26.6 § 4.2 0.359

Peripheral vascular disease 18 (11%) 25 (13%) 0.571

Diabetes mellitus 36 (22%) 46 (23%) 0.690

Systemic arterial hypertension 120 (71%) 133 (67%) 0.380

Atrial fibrillation 55 (33%) 83(42%) 0.071

Previous stroke/transient

ischemic attack

31 (19%) 26 (13%) 0.162

Previous myocardial infarction 26 (16%) 38 (19%) 0.351

STS score 3.58 §3.0 4.278 §2.7 0.020

Echocardiographic variables

LVEF <30% 18 (10%) 31 (10%) 0.883

Mean aortic gradient (mmHg) 39.5 §15.5 39.5§14.6 0.989

Antiplatelet/anticoagulation

therapy

Anticoagulation-antiplatelet

therapy

32 (19%) 74 (37%) <0.001

Anticoagulation monotherapy 40 (24%) 22 (11%) 0.001

Dual-antiplatelet therapy 52 (31%) 77 (39%) 0.113

Single-antiplatelet therapy 44 (26%) 25 (13%) 0.001

Data are presented as mean § SD (p values for 2-sided Student’s t Test).

BMI = body mass index; LVEF = left ventricular ejection fraction.
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vitamin K antagonist anticoagulation was continued, main-
taining INR between 2 and 2.5. Intraprocedural unfractio-
nated heparin was used, titrated to a target ACT of 250 to
300 seconds. Heparin reversal with protamine was routinely
performed after the valve implantation and before vascular
access closure.

Two closure devices were used at the TAVI-access
site: Prostar XL (Abbott Vascular, Abbott Park, Illinois)
and MANTA (Essential Medical inc., Malvern, Pennsyl-
venia). The mechanism and design of both closure devices
have been previously described.10,11,13 Three interven-
tional cardiologists and 3 cardiac surgeons performed
TAVI procedures during the study period. All practi-
tioners were proctored during the first 3 cases for the use
of MANTA. In summary, the Prostar XL device uses a
“preclosure” technique where sutures are deployed before
introduction of the large arterial sheath. After sheath
removal the sutures are fastened individually with a slid-
ing knot using a knot pusher in order to ensure approxima-
tion of the knot to the surface of the arterial wall. The
MANTA VCD uses the same principals as Angioseal
device (Abbott Vascular Inc., Santa Clara, California). It
has 3 components, which actively seal the big arterio-
tomy. The bioabsorbable copolymer anchor is placed
against the inside of the vessel wall and it is attached to
the collagen pad (placed on top of the arteriotomy in the
tissue tract) through a nonresorbable polyester suture and
a stainless steel suture lock.13 The MANTA VCD comes
in 14 and 18 French sizes for closing punctures of 10 to
14 French (OD profile 14-18 French) and of 15 to 22
French (OD profile 18-24.5 French), respectively.

As part of the TAVI work-up, peripheral access evalua-
tion was accomplished with MDCT by measuring the
minimal lumen diameter using a centreline technique.
Fluoroscopic and MDCT calcification of the iliofemoral
arteries was graded as none, mild (some calcification),
moderate (the course of the artery can be seen without
injection of contrast dye), or severe (heavily calcified ilio-
femoral arteries).14 The tortuosity of the iliofemoral sys-
tem was defined as mild: 30˚ to 60˚, moderate: 60˚ to 90˚
and severe >90˚.15

The published outer sheath diameter was used to calculate
the sheath-to-femoral artery ratio (SFAR).15 A SFAR of
<1.05 was considered as favorable. For detailed evaluation
of hemostasis with the MANTA device, routine rotational
angiography of the access site was performed 5 minutes after
device implantation. The presence of the leakage at the
access site after MANTA closure was graded as following:
no leakage, small leakage (small contrast extravasation with-
out external bleeding), moderate leakage (continuous extrav-
asation with moderate external bleeding), and severe leakage
(continuous extravasation with important external bleeding).

The primary outcome was acute closure success and
occurrence of any access site related vascular injury, as
well as major and life threatening/disabling bleeding com-
plication according to the most recent Valve Academic
Research Consortium definition.16 Secondary outcomes
included all vascular and bleeding complications as well
as all-cause mortality at 30-day follow-up.

Descriptive statistics were used to summarize the
demographic data. Categorical variables were presented
as frequencies and percentages, and continuous variables
as mean § standard deviation (SD). Baseline data were
checked for normal distribution using the Kolmogorov-
Smirnov method. A 2-tailed unpaired Student t Test for
comparison of continuous data between groups and a
paired Student t Test for intragroup comparison were used.
Ordinal variables were compared with the Mann-Whitney
U test and Wilcoxon signed-rank. A chi-square test was
used for investigating the relation between 2 categorical
variables. A 2-tailed p value ≤0.05 was considered to indi-
cate statistical significance. Commercially available soft-
ware was used for analyses (SPSS 22.0, SPSS Inc.,
Chicago, Illinois). Ethical approval was sought and granted
by the local institutional board.
Results

Between January 2015 and April 2018, 366 patients
underwent transfemoral TAVI. The Prostar XL device was
used in 198 patients, until April 2017. From then on, the
MANTA device (168 patients) was used as VCD. In 18
cases, the MANTA device was used during the Prostar XL
period (proctored cases). The baseline characteristics of
both groups were similar except for STS score, which was
significantly lower in the more contemporary MANTA
group (Table 1). Almost half of the patients were chroni-
cally anticoagulated, whereas a combination of anticoagula-
tion and antiplatelet therapy was more prevalent in the
Prostar XL group (19 % vs 37.5 %, p <0.001).

A favorable SFAR was present in more than 95% of the
patients without significant difference between both groups
(p =0.382; Table 2).
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Table 2

Femoral characteristics of the access site

Variable MANTA

(n = 168)

Prostar XL

(n = 198)

p Value

Mean common femoral

diameter (mm)

8.4 § 1.3 8.2 § 1.1 0.222

Moderate-severe femoral

calcification

18 (10.8%) 35 (18.6%) 0.021

Moderate-severe femoral

tortuosity

24 (14.5%) 36 (19.1%) 0.240

Sheath-to femoral artery

ratio <1.05
162 (96.4%) 189 (95.2%) 0.382

Sheath size (French) 0.004

14 64 (31.0%) 67 (33.3%)

16 48(28.6%) 25 (12.7%)

18 45(26.7%) 20 (10.3%)

20 5(3.0%) 26 (13.3%)

22 6(3.6%) 60 (30.4%)

Data are presented as mean § SD (p values for 2-sided Student’s t Test).

Table 4

Clinical outcome and access site related complications

Variable MANTA

(n = 168)

Prostar XL

(n = 198)

p Value

Major bleeding 1 (0.6%) 2 (1.0%) 0.661

Minor bleeding 23 (13.7%) 39 (19.7%) 0.080

Major vascular complications 1 (0.6%) 3 (1.5%) 0.109

Occlusion 0 1

Femoral dissection 0 1

Closure failure 1 1

Minor vascular complications 18 (10.7%) 36 (18.2%) 0.003

Hematoma 12 28

Occlusion 0 1

Femoral dissection 0 2

Closure failure 1 2

Pseudoaneurysm 4 3

Hospitalization length 5.26 §3.3 6.25§3.4 0.006

30-day all-cause mortality 6 (3%) 4 (2.0%) 0.278

Data are presented as mean § SD (p values for 2-sided Student’s t Test).
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The used sheath size (Table 2) and the implanted valve
(Table 3) were heterogeneous between the 2 groups.

The incidences of vascular and bleeding complications are
shown in Table 4. Overall, the occurrence of major vascular
and bleeding complications was similar in both groups (0.6%
vs 1%, p = 0.661 and 0.6% vs 1.5%, p = 0.102, respectively).
Minor vascular complications occurred significantly more in
Prostar XL group (10.7 vs 18.8 %, p = 0.003).

The mortality rate was similar (3.6% vs 2% p = 0.278) in
both groups and none of the deaths were related to the access
site complication. The hospitalization length was shorter in
the MANTA cohort (5.26 § 3.34 vs 6.25 § 3.43 days,
p = 0.006).

Both sizes of the MANTA device were used, with a sig-
nificantly higher percentage of minor vascular complications
Table 3

Procedural characteristics

Variable MANTA

(n = 168)

Prostar XL

(n = 198)

p Value

Type of valve

Evolut R (Pro) 117(67%) 89 (45%) <0.001
Lotus 6 (4%) 86(43%) <0.001
Sapien 3 27(16%) 19(10%) 0.063

Portico 6 (4%) 1 (1%) 0.017

Direct flow 0 3(2%) 0.109

Symetis-Acurate Neo 11(7%) 0 <0.001
Procedural data

Predilatation 39 (23%) 24 (12%) 0.005

Postdilatation 46(27%) 35 (18%) 0.026

Estimated GFR pre-TAVR

(ml/min)

59.7§ 21.7 60.7 § 23.6 0.676

Estimated GFR post-TAVR

(ml/min)

63.7 § 23.6 65.6 § 26.7 0.491

Hb pre-TAVR (mmol/L) 8.0 § 0.7 7.9 § 0.9 0.566

Hb post-TAVR (mmol/L) 7.0 § 1.0 6.8 § 0.9 0.030

Right femoral access 138 (82%) 176 (89%) 0.127

Contrast (ml) 97.8 § 49 80.1 § 43 <0.001

Data are presented as mean § SD (p values for 2-sided Student’s t Test).

GFR = glomerular filtration rate; Hb = haemoglobin; TAVR = transcath-

eter aortic valve replacement.
when using the smaller MANTA size (16.4% vs 6.3%,
p = 0.035; Figure 1). Routine rotational angiography was
performed in the MANTA group. The results are presented
in Figure 2.
Discussion

The present study proved that the rate of major vascu-
lar and bleeding complications after percutaneous closure
of the access site in TAVI is low and similar in the
MANTA and Prostar XL group. Moreover a significantly
lower rate of minor vascular complications was observed
in the MANTA group. In addition, there was no difference
in the outcome at 30-day follow-up between the MANTA
and Prostar XL VCD group.

A large proportion of TAVI cases worldwide are now
performed using a “minimalistic” approach, in order to
reduce the hospitalization length and possible derived com-
plications. Although the rate of vascular complications and
major bleeding has been decreased (4.5% and 3.9%,
respectively),17 it still remains an important cause of mor-
bidity, mortality, and prolonged hospitalization. Percutane-
ous closure during TAVI is associated with superior
outcome compared with classical surgical cut-down.18−20

Currently, the Prostar XL and Proglide are the most used
VCDs. Several studies have compared both devices in TAVI
settings, showing that the Proglide device has lower rates of
vascular complications.21−23 Nevertheless, Prostar XL is still
used, with good outcomes in experienced hands. Recently, a
novel VCD, collagen-based technology MANTA, has been
developed for closing large bore arteriotomies. The first
results demonstrated (n = 50) rapid hemostasis and a low
complication rates.11 Moreover, Palma et al12 published the
first observational study comparing the MANTA with Prostar
XL device in a TAVI population, showing less vascular com-
plications in MANTA group.

In our study, the rate of major vascular and bleeding
complications was low (<2%). Nevertheless, more minor
vascular complications were observed in the Prostar-XL
group, especially in the group of patients where a bigger



Figure 1. Bleeding and vascular complications MANTA device size related.

Figure 2. Angiographic findings after MANTA closure (yellow circle). (A) Complete access sealing; (B) Small leakage; (C) Moderate leakage; (D) Severe

leakage; (E) Contrast filling the collagen plug without external or internal bleeding; (F) Impingement of the common femoral artery by the device.
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sheath was required (>14 French sheath) (Supplementary
Table 1). The groin hematoma was the most frequent vascu-
lar complication with a conservative management (com-
pressive bandage) in all cases. Although the average sheath
size was bigger in the Prostar XL group, the SFAR was
favorable in both groups.

There was no difference regarding the rate of vascular
closure failure (2 cases in MANTA group and 3 cases in
Prostar XL group). These were related to severe ileofe-
moral calcification, especially on the anterior wall of the
common femoral artery. In the MANTA group, both cases
presented severe circumferential calcification at the access
site. The puncture was performed under echo guidance and
confirmed by angiography, aiming for a zone with less cal-
cification. However, during vascular access closure, hemo-
stasis was not achieved. In one case, a covered stent was
needed to achieve the hemostasis. The suspicion that the
device has been externalized from the lumen artery (bigger
distance between the metallic steal lock and the artery)
was confirmed by control MDCT (Figure 3). In the other
case, vascular surgery with femoral endarterectomy and
patch angioplasty was required, which revealed the pres-
ence of the collagen plug in the subcutaneous tissue.

Severely calcified vessels do not have the same elasticity
as healthy arteries. Therefore, during dilatation with large-
bore sheaths, it is difficult to predict the size and shape of
artery opening and it may affect an adequate vascular
Figure 3. Failure of vascular access closure with MANTA VCD. (A) MDCT prev

the common femoral artery; (B) Ileofemoral access reconstruction, both femoral

femoral head; (C) MDCT postprocedure showed the stainless steel lock at 10 mm

copy; (E) Presence of severe leakage after MANTA closure; (F) After covered st

tance from the femoral artery.
closuring. However, in very calcified arteries, even with an
adequate caliber, vascular access closure remains challeng-
ing for any percutaneous device.

Echo-guided puncture showed a reduction in vascular
complications, allowing the safe deployment of closure
devices, even in patients with peripheral artery disease.24

To our knowledge this is the first study describing the
angiographical results after MANTA closure. Routine con-
trol rotational angiography after vascular closure with the
MANTA device helped to better understand the sealing
process and improved the decision making for postproce-
dural management. Small leakage, during angiography was
the most frequent finding (32 patients, 19.6%). In the early
experience, small leakage was seen in the control angiogra-
phy but without external bleeding. Initially, it was inter-
preted as harmless and no further actions were taken.
Nevertheless, those patients presented hours later with a
minor bleeding at the access site, ultimately leading to an
adjustment in our local policy. When this angiographic
finding occurred, a preventive dedicated compression ban-
dage was installed for 12 hours, which turned out to be
very effective in preventing delayed bleeding.

In order to detect minimal leakage at the access site,
rotational angiography can be more revealing then static
angiography, due to the fact that superposition can hide
small leakage. Video 2 is an example of static angiography,
which is showing in LAO 30˚, apparently complete sealing
ious TAVI implantation showed severe calcification on the anterior wall of

arteries present severe calcifications, with a zone less calcified above the

distance from the femoral artery wall; (D) Severe calcification in fluoros-

ent implantation, no leakage is observed. Stainless steel lock at 10 mm dis-
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after MANTA deployment, and in RAO 30˚ presence of a
small leakage. Beside leakage, 2 other findings were seen:
impingement of the arterial lumen caused by the collagen
plug in 2 cases and “contrast filling of the collagen plug” in
4 cases (Video 3). The latter was associated with the devel-
opment of a pseudoaneurysm, requiring vascular surgery in
3 cases and thrombin injection in one case.

When comparing both sizes of MANTA VCD, there
were more minor vascular complications using 14 French
device (16.4 vs 6.3%, p = 0.035) (Figure 1). We could not
find a clear explanation for this observation; there was no
difference between the 2 groups regarding SFAR, anterior
wall calcification or anticoagulant treatment.

There are still some questions that should be addressed
such as device reabsorption, healing process, device influ-
ence on the femoral artery wall and reaccess after
MANTA. In experimental settings the reabsorption is com-
pleted in about 8 to 10 months, but in the real world no
data exists to this date. Finally, in case of device closure
failure, although the wire is maintained in place it is not
possible to use other device as Angioseal or Proglide do
the fact that the wire is crossing through the toggle, which
can’t be accessed.

This study has several limitations. First, evaluating the
impact of a specific VCD for transfemoral TAVI using a
retrospective study can lead to incorrect conclusions
because of the influence of selection bias. The choice of
VCD was not made according to specific criteria, Prostar
XL was used until April 2017 and, since then, the MANTA
device replaced it. The second limitation is the fact that in
the Prostar XL group bigger sheaths were used, neverthe-
less the SFAR was similar in both cohorts. The learning
curve for the Prostar XL is longer than for the MANTA,
nevertheless our center has an extended experience with
Prostar XL device, since the TAVI program started in 2007.
The learning curve with MANTA indeed was shorter (only
3 cases). The third limitation is the diversity of antiplatelet
and anticoagulation treatment, anticoagulation being used
more often in the Prostar XL group, which could explain
the presence of more minor vascular and bleeding compli-
cations. The fourth limitation is that the hospitalization
length is longer than in other studies and it may not be
related to the device efficiency. Finally, although the hemo-
stasis time was not recorded, prolonged manual compres-
sion was needed only in those cases with moderate and
severe leakage. In the rest of cases the hemostasis was
immediately achieved.
Conclusions

The MANTA, collagen plug-based, VCD seems to be a
safe and feasible option to obtain adequate hemostasis in
patients undergoing a transfemoral TAVI procedure. Con-
trol rotational angiography was useful in decision-making
in postprocedural management after MANTA implantation.
The presence of small leakage should be conservatively
treated using a dedicated compression bandage.
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