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ABSTRACT
Background: Vascular and bleeding complications remain a concern after transfemoral transcatheter aortic valve replacement

(TAVR). The impact of the sheath type on these complications remains unclear.

Methods: The prospective MARVEL registry study analyzed enrolled 500 patients undergoing large‐bore transfemoral

procedures and arteriotomy closure with the MANTA vascular closure device from 10 hospitals in Europe and Canada. We

stratified these patients according to type of sheath used (expandable or conventional). A propensity‐matched analysis

was performed using VARC‐2 major or minor vascular and bleeding complications as the primary endpoint. The secondary

endpoint was time to hemostasis.

Results: We identified 196 propensity‐matched pairs. Major vascular complications occurred in 3.6% in the expandable sheath

group and 4.1% in the conventional sheath group (p= 1.0). Minor vascular complications occurred in 5.6% in the expandable

sheath group and 4.6% in the conventional sheath group (p= 0.819). There were no significant differences in bleeding com-

plications between groups. Time to hemostasis after MANTA closure was significantly shorter in the expandable sheath group

(30 vs. 60 s, p< 0.001).

Conclusions: A propensity‐matched analysis demonstrated no significant differences in vascular complication rates

with MANTA arteriotomy closure after removal of large bore expandable or conventional sheaths. Time to hemostasis was

significantly shorter in the expandable sheath group.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.
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1 | Introduction

Minimally invasive catheter‐based procedures have been a signif-
icant breakthrough in the field of cardiovascular medicine and
have become a standard of care or as an alternative to conven-
tional surgical approaches in many conditions. These procedures
usually require large‐bore sheaths for transfemoral artery access.
Transcatheter aortic valve replacement (TAVR) is arguably the
most common large‐bore arterial intervention. Despite refine-
ments in devices and operator techniques, the incidence of vas-
cular complications persists during these interventions,
contributing to increased morbidity and mortality [1, 2].

Sheath to vascular diameter ratio has been shown to be a major
determinant of vascular trauma [1]. Therefore, new generation
transcatheter heart valve (THV) systems are designed to be used
via smaller bore‐size sheaths. An alternative strategy is the use of
expandable sheaths facilitating the insertion of the sheath and
THV. Recent TAVR trials have reported major vascular compli-
cations between 2.0% and 7.9% in lower‐risk patients [3–6].
However, there is a paucity of data comparing vascular compli-
cations between conventional sheaths and expandable sheaths.

The use of percutaneous vascular closure devices is currently
standard of care for large bore access closure. The percutaneous
MANTA Vascular Closure Device is a bovine collagen‐based, self‐
resorbable technology that has been specifically designed for large‐
bore arteriotomies [7]. The Manta Registry for Vascular Large‐bore
Closure (MARVEL) trial was a prospective real‐world registry trial
of 500 patients, which reported low rates of major or minor vas-
cular complications after percutaneous transfemoral large‐bore
arterial intervention [8]. In this substudy of MARVEL, we com-
pare the outcomes between expandable and conventional sheaths
in the context of MANTA closure.

2 | Methods

2.1 | Patient Selection and Study Protocol

Primary outcome and study design of the MARVEL trial have
been described previously [7–9]. In brief, 500 patients under-
went complete percutaneous transfemoral large‐bore arterial
intervention and subsequent arteriotomy closure with the
MANTA device in Canada, Denmark, Netherlands, Finland,
and Switzerland. For the current substudy, 21 patients with
sheathless or unknown type of sheath were excluded, leaving
479 patients for the final analysis (Figure 1). The sheath selec-
tion was per operator's discretion and generally determined by
the type of THV used.

All patients were evaluated by a multidisciplinary heart team.
All participating operators had performed at least 10 MANTA
closures before study entry. Vast majority, 99%, of the proce-
dures in the study were TAVR, in addition, there were two
balloon aortic valvuloplasties, one mechanical circulatory sup-
port, and one endovascular aneurysm repair included. Pre-
procedural planning with multidetector computed tomography
was mandatory for all TAVR procedures and recommended for
other interventions. Relative exclusion criteria for MANTA use
were per operator's discretion and included (1) excessive

calcification of the access vessel; (2) severe peripheral artery
disease precluding safe introduction of a large arterial sheath;
(3) marked tortuosity of the femoral or iliac artery; (4) body
mass index > 40 kg/m2; (5) body mass index < 20 kg/m2; and (6)
uncontrolled hypertension at baseline defined by a systolic
blood pressure > 180mmHg.

Unfractionated heparin was used in all operations and target
activated clotting time at the time of MANTA closure was
required to be < 250 s. Protamine use was per operator's deci-
sion. A femoral angiogram post‐MANTA deployment was rec-
ommended for all patients. The MANTA access site was
examined immediately, 24 h later and before hospital discharge.
A clinical follow‐up was performed at 30 days.

All patients provided written informed consent for the index
operation and trial enrollment. The study was conducted in
accordance with the 1975 Declaration of Helsinki, Good Clinical
Practice principles and current International Standard of Clinical
Investigations of medical devices for human subjects (ENISO
14155:2011). Each institution site had an approval from the local
institutional review board. Teleflex Inc. provided financial support
to carry out the study, but was not involved with data acquisition,
statistical analysis nor manuscript preparation.

2.2 | Definitions

The primary endpoint was the occurrence of access site related
vascular or bleeding complications up to 30 days from the index
procedure. Procedural and access site‐related complications were
graded according to the Valve Academic Research Consortium‐2
criteria (VARC‐2), which was the standard at the time of data
collection of the study [10]. The secondary endpoint was time to
hemostasis after deployment of the MANTA (defined as the
elapsed time from the withdrawal of the MANTA sheath from the
artery to observed arterial hemostasis, observed arterial hemostasis
was defined as no or minimal subcutaneous oozing, and the
absence of expanding hematoma).

FIGURE 1 | A flowchart of the study.
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Successful hemostasis was defined as hemostasis within 10min
after large bore sheath removal. Femoral artery calcification at
the access site level was classified according to the semi-
quantitative MANTA Femoral Artery Calcification Score and
the following: Stage 0 – No calcification; Stage 1 – Small cal-
cium spots dispersed over the vessel surface; Stage 2 – Calcium
plaques dispersed over the vessel surface; Stage 3 – Large cal-
cium plaque at the posterior wall; Stage 4 – Large calcium
plaque at the anterior wall; Stage 5 – Excessive and circum-
ferential calcium. Small femoral artery was defined as femoral
artery smaller than MANTA device application. High‐risk pa-
tients were defined as having one of the following: MANTA
size mismatch, BMI < 20 or > 40 kg/m2, systolic pressure
> 180mmHg, a history of peripheral artery disease, active
clotting time (ACT) > 250 s, small femoral artery size compared
to the MANTA device being used and significant calcification.

All adverse events associated with the MANTA access site,
including vascular and bleeding complications, were adjudi-
cated by an independent Clinical Event Committee (CEC) ac-
cording to VARC‐2 criteria [10]. Minor bleeding events and
hematomas that did not require treatment or required only
manual or mechanical compression were not reviewed or
adjudicated by the CEC. Device‐related adverse events that
occurred between 30 days and 12 months were also adjudicated
by the CEC.

2.3 | Statistical Analysis

For the baseline analyses, continuous variables were presented as
median with interquartile range (IQR). Categorical variables
were reported as frequencies with percentages. Fisher's exact test
was used for dichotomous variables or if n< 5. χ2 test was used
for categorical variables in the unmatched cohort and McNe-
mar's test used for matched cohort. Continuous variables were
compared using Student's t test, if normally distributed, and
Mann–Whitney U test, if not normally distributed. To minimize
the effect of selection bias, we performed propensity score
matching (PSM) with nearest‐neighbor method in 1:1 ratio and a
caliber width of 0.2. The following variables were included in the
PSM: age, sex, BMI, calcium score, small femoral artery, use of
antiplatelet medication (Adenosine diphosphate receptor/P2Y12
inhibitors, acetylsalicylic acid), and use of anticoagulation med-
ication (heparin, warfarin, direct oral anticoagulants). The stan-
dardized mean difference for each covariate is presented in
Figure S1. Logistic regression analyses were used to evaluate the
relationship between types of sheaths and primary and secondary
outcomes, reported as odds ratios (ORs) with 95% confidence
interval (CI). Linear regression was used to explore the correla-
tion between continuous outcome and different sheaths and re-
ported with R2 and p value with 95% CI. All tests were two‐tailed,
and p value of < 0.05 were considered statistically significant. p
values and 95% CIs presented in this study have not been
adjusted for multiplicity, and therefore inferences drawn from
these statistics may not be reproducible.

PSM was performed using MatchIt‐package from R version
4.3.2 for MacOS. The balance was assessed using univariate
balance summary statistics. Other statistical analyses were
performed using IBM SPSS Statistics version 29 (IBM).

3 | Results

3.1 | Patient and Procedural Characteristics

In total, 224/479 (46.7%) procedures were performed with an
expandable sheath and 255/479 (53.2%) with a conventional
sheath. After PSM, a total of 196 pairs were formed (Figure 1).
The baseline characteristics for the entire cohort and different
sheaths before and after PSM are presented in Table 1. Patients
with expandable sheaths were more often male (59.8% vs.
49.8%), had lower BMI (25.8 vs. 27.1, p= 0.017) and had less
anticoagulation medication (68.3% vs. 82.7%, p< 0.01), mainly
clopidogrel (33.9% vs. 43.1%, p= 0.048), and significantly less
small‐sized femoral arteries (1.3% vs. 5.9%, p= 0.01). There
were no statistically significant differences between the groups
in age, past medical history, previous cardiac procedures, and
the use of acetylsalicylic acid, heparin, or oral anticoagulation.
None of the baseline characteristics differed significantly after
PSM (all p> 0.05). Apart from smaller vessels in the conven-
tional group, the number and risk‐profile of patients who ex-
perienced vascular complications did not differ between the
types of sheath (Table S1).

There were significant differences in the types of THVs used
with expandable sheaths as compared with conventional
sheaths. Most of the TAVR procedures in the study used either
the Edwards Sapien 3 valve or the Medtronic Evolut valve.
Expandable sheaths were used almost exclusively in Sapien 3
procedures and conventional sheaths almost exclusively in
Evolut procedures (Table S2). A minority of procedures used
other THVs and both sheath types were used in these cases.

Table 2 presents the procedural characteristics between the
sheath types before and after PSM. The sheath outer diameter
during THV insertion was slightly larger in expandable vs
conventional sheaths (23 vs. 22 Fr, p< 0.01) and a larger
MANTA device was more often used in procedures with ex-
pandable sheaths (98.7% vs. 94.1%, p= 0.01). The procedure
time was significantly shorter for procedures using expandable
sheaths (59.0 vs. 62.0 min, p< 0.01). In addition, both tissue
depth (3.5 vs. 4.0 mm, p= 0.007) and deployment depth (5.0 vs.
5.2 mm, p< 0.01) were significantly shallower and the activated
clotting time just before closure shorter (160.0 vs. 178.0 s,
p< 0.01) in procedures using expandable sheaths.

3.2 | Outcomes

There were no significant differences in the CEC‐adjudicated
VARC‐2 major or minor vascular complications before (9.4% vs.
9.4%, p= 1.00) or after (9.2% vs 8.7%, p= 1.00) PSM between the
expandable and conventional sheath groups (Table 3). For
bleeding complications, there were also no differences in life‐
threatening, major or minor bleeding events between the two
groups before (4.5% vs. 4.7%, p= 1.00) or after (4.1% vs. 4.1%,
p= 1.00) PSM (Table 3).

There were 21 major or life‐threatening bleeding or vascular
complications according to VARC‐2 criteria, 8 in expandable
and 13 in conventional sheaths. The detailed descriptions of
these complications, their treatments and outcomes are
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TABLE 1 | Patient characteristics and medication use at baseline between expandable and conventional sheath groups before and after pro-

pensity score matching.

Before propensity score matching (n= 479) After propensity score matching (n= 392)

Expandable Conventional p value Expandable Conventional p value

Age 82.0
(78.0–85.0)

82.0 (77.0–85.0) 0.562 82.0
(78.0–85.0)

82.0 (77.2–85.0) 0.925

Male 134 (59.8%) 127 (49.8%) 0.034 117 (51.0%) 100 (59.7%) 0.104

BMI 25.8
(23.5–28.9)

27.1 (24.2–30.2) 0.017 26.0
(23.7–29.4)

27.0 (23.8–29.8) 0.578

History of

Hypertension 136 (60.7%) 173 (67.8%) 0.266 125 (64.1%) 130 (66.7%) 0.670

Periferal artery disease 14 (6.3%) 25 (9.8%) 0.183 14 (7.3%) 20 (10.3%) 0.370

GFR< 60 109 (48.9%) 108 (42.5%) 0.168 95 (48.7%) 83 (42.6%) 0.263

Cerebrovascular
accident

31 (14.0%) 52 (20.4%) 0.071 29 (14.9) 41 (20.9%) 0.147

Previous

CABG 27 (12.1%) 22 (8.6%) 0.229 26 (13.3%) 16 (8.2%) 0.105

PCI 60 (26.8%) 79 (31.0%) 0.364 57 (29.1%) 58 (29.6%) 1.000

Anticoagulation
medication

153 (68.3%) 211 (82.7%) <0.001

acetylsalicylic acid 119 (53.1%) 156 (61.2%) 0.079 119 (60.7%) 118 (60.2%) 1.000

clopidogrel 76 (33.9%) 110 (43.1%) 0.048 75 (38.3%) 80 (40.8%) 0.680

thienopyridine 4 (3.0) 1 (0.7%) 0.199 4 (0.5%) 1 (0.9%) 0.206

heparin 4 (1.8%) 8 (3.1%) 0.393

unfractionated 1 (0.4%) 4 (1.6%) 0.377 1 (0.5%) 3 (1.5%) 0.372

LMWH 4 (1.8%) 4 (1.6%) 1.000 4 (2.0%) 3 (1.5%) 1.000

Oral anticoagulation 26 (11.6%) 35 (13.7%) 0.496

acenocoumarol 20 (8.9%) 21 (8.2%) 0.870 17 (8.7%) 17 (8.7%) 1.000

fenprocoumon 2 (0.9%) 5 (2.0%) 0.457 1 (0.5%) 4 (2.0%) 0.372

other 4 (1.8%) 9 (3.5%) 0.274 4 (2.0%) 6 (3.1%) 0.751

Direct oral
anticoagulation

23 (10.3%) 37 (14.5%) 0.169

rivaroxaban 9 (4.0%) 16 (6.3%) 0.308 9 (4.6%) 16 (6.6%) 0.511

dabigatran 5 (2.2%) 7 (2.7%) 0.777 5 (2.6%) 6 (3.1%) 1.000

apixaban 8 (3.6%) 12 (2.5%) 0.649 8 (4.1%) 9 (4.6%) 1.000

edoxaban 1 (0.4%) 2 (0.8%) 1.000 1 (0.5%) 2 (1.0%) 1.000

Other anticoagulations 6 (2.7%) 4 (1.6%) 0.526 6 (3.1%) 2 (1.0%) 0.175

Small femoral artery
sizea

3 (1.3%) 25 (5.9%) 0.014 3 (1.5%) 4 (2.0%) 1.000

Artery calcification 9 (4.0%) 9 (3.5%) 0.814 6 (3.1%) 8 (4.1%) 0.787

c 2.7 (2.0–4.2) 2.8 (1.9–4.4) 0.908 3.5 (3.1–3.2) 3.5 (3.2–3.8) 0.863

Note: Data are presented as number (%) or median (interquartile range). Fisher's exact test or χ2 test were used for categorical variables in the unmatched cohort and
McNemar's test for matched cohort. Continuous variables were compared using Student's t test or and Mann–Whitney U test. No corrections for multiple testing were
applied.
Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; GFR, glomerular filtration rate; LMWH, low molecular weight heparin; PCI, percutaneous
coronary intervention; STS Score, Society of Thoracic surgeons Adult Cardiac Surgery Risk Score.
aSmall femoral artery size, defined as where MANTA size exceeds femoral artery size.
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presented in Table S3. One patient (no. 7, expandable sheath)
deceased due to vessel dissection and perforation from the
access site resulting in major bleeding. Four major complica-
tions were caused by closure device failure (no. 12, 16, 20, and
21, all conventional sheaths). Overall, seven (1.5%) patients died
within 30‐days after the procedure, one of them (no. 7) was
determined as a device‐related event.

The hemostasis time was significantly shorter in the expandable
sheath group both before (30 vs. 60 s, p< 0.01) and after PSM
(30 vs. 60 s, p< 0.01). However, there were no differences in
achieving successful hemostasis or having a hematoma requir-
ing further treatment between different types of sheaths
(Table 3). Figure 2 shows that 74.2% of patients with expandable
sheath and 52.0% of patients with conventional sheath achieved
hemostasis in less than 1min in the unmatched population.

Logistic regression analysis revealed no associations between
different types of sheaths and VARC‐2 vascular complications
(OR 0.94 [0.469–1.881]), bleeding complications (OR 0.90
[0.40–2.23]) or 30‐day mortality (OR 2.54 [0.487–13.2]), all

p> 0.05, before or after PSM (data not shown). There were very
weak correlation between type of sheaths and hemostasis time
before PSM (R2 = 0.01, p= 0.02 [15.8–180.5]), and no significant
correlation after PSM (R2 = 0.01, p= 0.09 [−133.3–9.2]).

4 | Discussion

This subanalysis of the prospective MARVEL study is a pro-
pensity matched comparison of MANTA arteriotomy closure
after expandable or conventional large bore sheaths. There were
no significant differences in the primary endpoint of major or
minor vascular or bleeding complications albeit the time to
hemostasis after MANTA deployment was shorter in the ex-
pandable sheath group, (30 vs. 60 s, p< 0.001).

Our findings add to the existing literature on the role of large‐
bore sheaths and closure devices on vascular complications
during TAVR procedures. Only one previous study has directly
compared expandable and conventional sheaths in TAVR pro-
cedures [11]. This retrospective propensity‐matched analysis

TABLE 2 | Procedural characteristics between expandable and conventional sheath groups.

Before propensity score matching (n= 479) After propensity score matching (n= 392)

Expandable Conventional p value Expandable Conventional p value

Limb side 0.40 0.53

left 23 (10.3%) 33 (12.9%) 20 (10.2%) 25 (12.8%)

right 201 (89.7%) 228 (87.1%) 176 (89.8%) 171 (87.2%)

MANTA device size 0.01 < 0.01

14 Fr 3 (1.3%) 15 (5.9%) 2 (1.0%) 12 (6.2%)

18 Fr 220 (98.7%) 239 (94.1%) 194 (99.0%) 183 (93.8%)

Sheath outer
diameter (Fr)

23.0 (23.0–24.5) 22.0 (20.0–22.5) < 0.01 23.0
(23.0–24.5)

21.0 (20.0–22.5) < 0.01

Procedure 0.41 0.37

TAVR 223 (99.6%) 261 (98.8%) 195 (99.5%) 193 (98.5%)

EVAR 0 (0.0%) 2 (0.8%) 0 (0%) 2 (1.0%)

BAV 1 (0.2%) 1 (0.2%) 1 (0.5) 1

Procedure time (min) 59.0 (43.0–73.0) 62.0 (50.0–82.0) < 0.01 60.0
(45.0–74.75)

62.0
(48.25–81.75)

0.08

Tissue depth (mm) 3.5 (2.75–4.0) 4.0 (3.0–4.5) < 0.01 3.5 (3.0–4.0) 3.5 (2.5–4.5) 0.13

Deployment
depth (mm)

5.0 (4.0–5.5) 5.2 (4.5–6.0) < 0.01 5.0 (4.0–5.5) 5.0 (4.5–6.0) < 0.01

Activated clotting
time before
closure (s)

160.0
(133.0–201.75)

178.0
(142.0–226.0)

< 0.01 158 (131–198) 178 (140–220) < 0.01

Protamine used

before closure 145 (64.7%) 146 (57.3%) 0.11 129 (65.8%) 109 (55.6%) 0.05

after closure 22 (9.8%) 32 (12.5%) 0.39 16 (8.2%) 26 (13.3%) 0.14

Pressure
bandage > 3 h

23 (10.6%) 42 (16.5%) 0.08 23 (12.0%) 30 (15.3%) 0.38

Note: Data are presented as number (%) or median (interquartile range). Fisher's exact test or χ2 test were used for categorical variables in the unmatched cohort and
McNemar's test for matched cohort. Continuous variables were compared using Student's t test or and Mann–Whitney U test. No corrections for multiple testing were
applied.
Abbreviations: BAV, balloon aortic valvuloplasty; EVAR, endovascular aneurysm repair; Fr, French size; TAVR, transcatheter aortic valve replacement.
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compared expandable and conventional sheaths when using
suture‐based closure devices. The results demonstrated a non-
significant trend (7.6% vs. 12.7%) toward fewer VARC‐3 major
vascular complications when using conventional sheaths. Major
RCTs have reported major vascular complication rates of 3.8%
and 6% for low‐ and intermediate‐risk patients using conven-
tional sheaths with the Evolut valve [5, 6]. For expandable
sheaths with the balloon expandable TAVR, RCTs have shown
major vascular complication rates of 2.2% and 7.9% for low‐ and
intermediate‐risk patients [3, 4]. In a population with median
Society of Thoracic Surgery (STS) score of 2.7%, 4.1% of patients
treated with conventional sheaths and 3.6% of patients treated
with expandable sheaths were reported to have major vascular
complications. Our analysis demonstrated similar rates of major
vascular complications. In our study, majority of self‐expanding
sheaths (87%) were used with the Sapien balloon‐expandable
THV and majority of conventional sheaths (70%) were used
with the Evolut self‐expanding THV. Although our study was
not a comparison of different THV types, this supports the
notion that no significant differences in vascular complications
exist between these two THV systems. This observation is in
line with the recent SMART trial, where no differences in major
vascular complications were observed between the Sapien and
Evolut THVs [12].

We have previously reported the results from the current data
set with regard to the efficacy of MANTA closure device, and
demonstrated a relatively low level of major (4%) and minor
(5.6%) MANTA access site complications [8]. Several previous
studies have compared the MANTA plug‐based closure device
with suture‐based devices. Most studies were observational and
have reported either no statistically significant differences
between the two strategies or a reduction in vascular compli-
cations with MANTA [13–15]. A recent study analyzing obser-
vational and randomized studies comparing MANTA‐based and
suture device‐based closure strategies demonstrated that while
some observational studies point to favorable outcomes for
large‐bore vascular closure with the MANTA‐based technique,
RCT studies demonstrate that this strategy is associated with
more access‐site related vascular complications [16–18].

The conventional and expandable sheaths have different design
strategies to minimize vascular complications. The use of con-
ventional sheaths in the context of self‐expanding valves allows
for the possibility to use integrated sheaths, resulting in lower
sheath outer diameter. In our data, 70% of the sheaths in the
conventional sheath group were integrated resulting in a sta-
tistically significant reduction is sheath outer diameter as
compared with the expandable sheaths. Previous studies have
demonstrated the Sheath to Femoral Artery Ratio (SFAR) as a
risk factor for vascular complications [1]. However, if a pre‐ or
postdilatation is required during the TAVR procedure, the
integrated sheath has to be exchanged for a conventional sheath
of the same size, possibly increasing the risk of vascular trauma
especially if the peripheral vessels are highly calcified [1]. Ex-
pandable sheaths have the advantage of needing only one
sheath with an initial outer diameter of 14 or 16 F. However,
insertion of the THV will expand the sheath resulting in a final
sheath outer diameter of 23–24.5 F and thus higher SFAR. In
addition, the inflating mechanism of expandable sheaths may in
rare cases predispose to vascular complications [19].

4.1 | Study Limitations

The current study is a post hoc analysis of a multicenter, pro-
spective study without randomization and could be prone to
selection bias. However, its multicenter design and only relative
exclusion criteria make it a realistic reflection of contemporary
clinical practice. There were significant differences in the types
of THVs used with expandable sheaths as compared with
conventional sheaths, which may have affected the results
(Table S2).

5 | Conclusions

This prospective, multicenter propensity‐matched analysis
showed no differences in vascular complications with MANTA
large bore closure after conventional and expandable sheaths.
Sheath type in TAVR procedures should thus be individually
selected, based on patient‐specific factors and the type of THV.
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