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Background: The failure rate of vascular closure devices remains a significant cause of 
major vascular complications in contemporary transcatheter aortic valve implantation  
practice.
Methods: This research aimed to evaluate use of the Angio-Seal device in a bailout context 
in the setting of incomplete hemostasis following use of dual Perclose ProGlide devices in 
patients undergoing transfemoral transcatheter aortic valve implantation. A total of 185 pa-
tients undergoing transfemoral transcatheter aortic valve implantation with either dual Per-
close ProGlide (n = 139) or a combination of dual Perclose ProGlide and Angio-Seal (n = 46) 
were retrospectively analyzed. The baseline, procedural characteristics, and all outcomes 
(defined according to Valve Academic Research Consortium-2 criteria) were compared.
Results: No significant differences were seen between the dual Perclose ProGlide vs dual 
Perclose ProGlide+Angio-Seal groups with regard to the in-hospital Valve Academic Re-
search Consortium-2 primary end points of major vascular complications (n = 13 [9.4%] vs 
n = 2 [4.3%]; P = .36), minor vascular complications (n = 13 [9.4%] vs n = 8 [14.7%]; P = .14), 
major bleeding (n = 16 [11.5%] vs n = 2 [4.3%]; P = .25), and minor bleeding (n = 9 [6.5%] vs 
n = 5 [10.9%]; P = .34), with higher rates of hematoma in the dual Perclose ProGlide+Angio-
Seal group (n = 4 [2.9%] vs n = 5 [10.9%]; P = .044).
Conclusion: Finding from the current study suggest that adjunctive Angio-Seal deploy-
ment may be feasible and safe, especially in patients with incomplete hemostasis following 
dual Perclose ProGlide use, and can be an optimal “bailout” procedure. (Tex Heart Inst 
J. 2022;49(6):e217684)

Transcatheter aortic valve implantation (TAVI) was initially performed in high-
risk patients. It is now recommended as the preferred mode of intervention 
in patients 75 years of age and older irrespective of surgical risk score and in 

patients aged younger than 75 years of age who are at high surgical risk or not surgical 
candidates.1-3 The vast majority of TAVI procedures are performed via a transfemoral 
approach using vascular closure devices, but vascular access site complications still 
pose a major challenge.4
	 Several suture-based closure devices, including the Prostar XL and Perclose Pro-
Glide systems (both Abbott Vascular, Inc), have been developed to facilitate closure of 
large-bore arteriotomies.5 Failure rates of double-suturing devices have been reported 
in 4% to 19% of cases.6 Device failure was found to be associated with several factors, 
including sheath size, femoral artery diameter, sheath-to–femoral artery ratio, obesity, 
the presence of calcification, inappropriate puncture of the femoral artery, operator 
inexperience, groin scar, and bifurcation of the femoral artery above the inguinal liga-
ment.7,8 Therefore, bailout strategies have been suggested in cases of Perclose ProGlide 
device failure.
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	 Augmentation of the preclose technique with a further 
suture-mediated closure device in patients with partial 
hemostasis has been described, but excessive suturing in 
patients with small vessel size or mild stenosis could lead 
to femoral artery occlusion. Recently, an Angio-Seal de-
vice (St Jude Medical) has been shown to be a safe and 
effective adjunct to the preclose technique in patients 
undergoing percutaneous endovascular aneurysm re-
pair.9 In contrast, because real-life data regarding the 
use of Angio-Seal for TAVI procedures are scarce,10 this 
team sought to evaluate whether Angio-Seal (Terumo 
Medical Corporation) may be an adequate and reliable 
alternative for insufficient hemostasis after Perclose Pro-
Glide device failure during transfemoral TAVI.

Patients and Methods

Patient Population and Data Collection
To eliminate the impact of operator learning curve, pa-
tients treated before February 2015 were not included 
in this analysis. Case information for 185 consecutive 
patients undergoing TAVI with either dual Perclose 
ProGlide or dual Perclose ProGlide plus Angio-Seal at 
the research group’s institution between February 2015 
and December 2019 were analyzed retrospectively. 
Eight patients were excluded from the analysis because 
the operators did not use transfemoral access (1 sub-
clavian artery access, 2 transapical access) or surgical 
access was through femoral iliac artery cutdown (n = 5). 
Dual Perclose ProGlide was used in 139 patients, and 
the remaining 46 patients underwent 8F Angio-Seal 
deployment after dual Perclose ProGlide device failure.

Vascular Access Technique and Description 
of Complications
Before TAVI, peripheral access evaluation and measure-
ment were performed using contrast-enhanced mul-
tislice computed tomography imaging. The tortuosity 
scores were defined as follows: 0 = no tortuosity; 1 = 
mild tortuosity (30°-60°); 2 = moderate tortuosity (60°-
90°); and 3 = marked tortuosity (≥90°). The calcifica-
tion scores were defined as follows: 0 = no calcification; 
1 = mild calcification; 2 = moderate calcification; and 
3 = marked calcification. Before large-bore arteriotomy, 
routine arterial puncture was performed under fluoro-
scopic guidance.
	 The dual Perclose ProGlide is the default, suture-me-
diated closure device for TAVI procedures in our cath-
eter lab. Both Perclose ProGlide devices were rotated 
approximately 45° from the midline in opposite direc-
tions. At the end of the TAVI procedure, the large-bore 
sheath was removed, and the predeployed sutures were 
tightened around the wire. At this stage, if hemostasis 
was maintained, the knot was locked and cut follow-
ing wire removal. If significant oozing with incomplete 

immediate hemostasis was confirmed at this stage, an 
8F Angio-Seal device was then used. The Angio-Seal 
sheath was inserted over the wire, using caution to avoid 
rupture of the Perclose ProGlide sutures. The device’s 
collagen plug was compressed against the femoral artery 
adventitia following removal of the wire, and the Angio-
Seal was deployed in a conventional manner.
	 Closure device failure was defined as insufficient or 
the absence of hemostasis at the arteriotomy site that 
required surgical conversion rather than manual com-
pression or adjunctive endovascular intervention. Vascu-
lar complications and bleeding were defined using the 
Valvular Academic Research Consortium-2 consensus 
criteria.11

Statistical Analysis
Continuous variables were expressed as mean (SD); 
nonnormally distributed variables were reported as me-
dian (IQR). Categorical data were expressed as numbers 
and percentages. The Student t test or Mann-Whitney 
U test was used to compare continuous variables. Cat-
egorical data were compared using the Pearson χ2 test 
or Fisher exact test. Normality of distribution was tested 
using the Kolmogorov-Smirnov test. Statistical signifi-
cance was defined as P < .05. All statistical analyses were 
performed using SPSS, version 20, software (IBM Cor-
poration).

Results

Baseline Clinical Characteristics and 
Complications Between the 2 Study Groups
The baseline clinical characteristics of 185 patients are 
summarized in Table I. The groups had similar clinical 
features. An overview of the TAVI patient cohort with 
techniques required to achieve access site hemostasis is 
provided in Figure 1. The primary success rate of the 
dual Perclose ProGlide device was 71% (131/185) with-
out an additional device or surgical conversion or man-
ual compression. There were no significant differences 
in the degree of femoral iliac artery calcification, artery 
tortuosity, or minimum artery lumen diameter among 
the patients’ baseline imaging characteristics (Table II). 
Sheath-to–femoral artery ratio, sheath outer diameter, 
and valve type were also similar between the groups, but 
the incidence of moderate to severe tortuosity and use of 
larger-bore sheaths (≥18F) tended to be more frequent in 
the dual Perclose ProGlide+Angio-Seal group. Auxiliary 
Angio-Seal device use resulted in successful hemostasis 
in all cases. In the early stage of TAVI procedures, when 
Angio-Seal had not been adopted as a bailout approach, 
manual compression was applied to address significant 
bleeding after tightening Perclose ProGlide sutures in 
7 cases, 4 of which required surgical conversion. One 
patient required surgical repair and peripheral bypass 
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TABLE I. Patient Characteristicsa

Dual Perclose ProGlide  
(n = 139)

Dual Perclose ProGlide+ 
ANGIO-SEAL (n = 46) P valuea

Age, mean (SD), y 78.91 (7.85) 79.07 (7.00) .9

Male, No. (%) 77.0 (55.4) 25.0 (54.3) .9

BMI, mean (SD) , kg/m2 26.3 (3.62) 25.2 (2.82) .07

Diabetes mellitus, No. (%) 29.0 (20.9) 14.0 (30.4) .18

Hypertension, No. (%) 124.0 (89.2) 44.0 (95.7) .19

Atrial fibrillation, No. (%) 35.0 (25.2) 10.0 (21.7) .64

Coronary artery disease, No. (%) 77.0 (55.4) 32.0 (69.6) .09

Prior stroke, No. (%) 7.0 (5.0) 5.0 (10.9) .16

Peripheral vascular disease, No. (%) 28.0 (20.1) 9.0 (19.6) .93

Chronic kidney disease, No. (%) (eGFR <60 mL/
min) 50.0 (36.0) 21.0 (45.7) .24

Prior CABG, No. (%) 22.0 (15.8) 12.0 (26.1) .12

Prior percutaneous coronary intervention, No. (%) 36.0 (25.9) 14.0 (30.4) .55

Prior myocardial infarction, No. (%) 35.0 (25.2) 15.0 (32.6) .32

COPD, No. (%) 61.0 (43.9) 15.0 (32.6) .18

EuroSCORE, mean (SD) 25.99 (4.01) 25.3 (3.22) .3

LVEF, mean (SD), % 50.97 (13.12) 50.76 (11.1) .92

Hemoglobin, mean (SD), g/dL 11.54 (1.75) 11.39 (0.6) .62

Fig. 1 Flowchart shows the outcomes of patients after TAVI based on the technique used to achieve hemostasis.  
 

AS, ANGIO-SEAL closure device; PP, Perclose ProGlide closure device; TAVI, transcatheter aortic valve implantation

BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; eGFR, estimated 
glomerular filtration rate; EuroSCORE, European System for Cardiac Operative Risk Evaluation; LVEF, left ventricular ejection fraction. 
 

a P < .05 was considered statistically significant.

TAVI with dual PP 
N = 185

Achieving hemostasis
with dual PP 

n = 132 (71%)

Failure of primary 
dual PP success 

n = 53 (29%)

Additional AS 
n = 46 (24.8%)

Manual compression
n = 7

Successful hemostasis
with AS  
n = 46 

Overall dual PP failure 
n = 3 (1.6%)

Overall dual PP success
n = 182 (98.4%)

Surgical conversion
n = 4 

Successful
n = 3
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despite use of a GORE VIABAHN endoprosthesis (W. 
L. Gore & Associates, Inc) following dual Perclose Pro-
Glide failure.
	 In-hospital Valvular Academic Research Consor-
tium-2 major vascular complications (9.4% vs 4.3%; 
P = .36), minor vascular complications (9.4% vs 14.7%; 
P = .14), major bleeding (11.5% vs 4.3%; P = .25), and 
minor bleeding (6.5% vs 10.9%; P = .34) did not dif-
fer between dual Perclose ProGlide vs dual Perclose 
ProGlide+Angio-Seal groups. A higher rate of hemato-
ma was observed in the dual Perclose ProGlide+Angio-
Seal group than in the dual Perclose ProGlide group 
(2.9% vs 10.9%; P = .044) (Table III). In-hospital mor-
tality was 9.64% and 4.3% for the dual Perclose Pro-
Glide and dual Perclose ProGlide+Angio-Seal groups, 
respectively (P = .52).

Discussion
This single-center registry study suggests that using 
the Angio-Seal device as an auxiliary vascular closure 
tool to achieve arterial access site hemostasis after dual 
Perclose ProGlide device failure seems feasible and ef-
ficacious, despite increased hematoma rates, and may 
become a bailout strategy.
	 Kiramijyan et al10 compared the adjunctive use of 
Angio-Seal (n = 208) with dual Perclose ProGlide 
(n = 179) in the preclose technique. They reported no 

significant difference between groups for major vascular 
complications and bleeding. Interestingly, in that study, 
relatively small-sized sheaths were used in the dual Per-
close ProGlide failure group with bailout Angio-Seal 
(mean [SD] sheath size, 20.7 [3.3] mm vs 19.32 [3.0] 
mm; P < .001; 22F sheath, 46.2% vs 24F sheath, 25.4%; 
P < .001 in the dual Perclose ProGlide and dual Perclose 
ProGlide+Angio-Seal groups, respectively). In contrast, 
the current study showed equivalent lower-profile 
sheaths and diameters between the groups. Moreover, 
a trend toward an increase in the number of moderate 
to severe tortuosity and use of larger sheaths (≥18F) in 
the dual Perclose ProGlide+Angio-Seal group (P = .08) 
might have led to more frequent bleeding and thus the 
need for an adjunctive Angio-Seal device.
	 The past decade has seen a significant reduction in 
major vascular complications, with an incidence of 6% 
to 8% in recent TAVI trials.12,13 A combination of small-
er sheath sizes, flexible delivery systems, more frequent 
use of multidetector computed tomography imaging, 
and increasing operator experience has affected the in-
cidence of vascular complications. Access site compli-
cations, however, contribute a significant proportion 
of vascular events in contemporary practice and corre-
late with longer hospital stay and higher mortality at 1 
year.12,14,15 Studies indicate that failure of a closure system 
is the most common cause of major vascular complica-

TABLE II. Procedural Characteristics

Dual Perclose ProGlide  
(n = 139)

Dual Perclose ProGlide+ 
Angio-Seal (n = 46) P valuea

Sheath outer diameter, mean (SD), mm 6.85 (0.71) 7.01 (0.71) .17

Common femoral lumen diameter, mean (SD), mmb 7.63 (1.24) 7.51 (1.98) .57

Iliofemoral lumen diameter, mean (SD), mmb 7.27 (1.2) 7.39 (1.16) .55

Sheath-to–iliofemoral artery ratio, mean (SD) 0.96 (0.17) 0.97 (0.14) .93

Iliofemoral calcium score, mean (SD) 1.34 (0.83) 1.43 (0.94) .51

Tortuosity score, mean (SD) 1.39 (0.9) 1.65 (0.9) .098

Moderate to severe calcification, No. (%) 14.0 (10.1) 7.0 (15.2) .34

Moderate to severe tortuosity, No. (%) 55.0 (39.6) 25.0 (54.3) .079

Introducer sheath size, mean (SD), F 17.02 (2.1) 17.65 (1.9) .08

Sheath size ≥18F, No. (%) 73.0 (52.3) 31.0 (67.4) .08

Valve type, No. (%) .2

SAPIEN XT (with 18F, 19F, 20F eSheath introducer 
system; Edwards Lifesciences Corp) 77.0 (55.4) 32.0 (69.6)

SAPIEN S3 (with 14F or 16F eSheath introducer system; 
Edwards Lifesciences Corp) 24.0 (17.3) 6.0 (16.7)

Evolut R (with 14F or 16F EnVeo inLine sheath; 
Medtronic) 25.0 (18.0) 3.0 (13.0)

18-19F Ultimum sheath for Portico valve (Abbott) 13.0 (9.4) 5.0 (10.9)

a P < .05 was considered statistically significant. 
b Measured by multidetector computed tomography.
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tions.4,16 Thus, better tools and enhanced techniques are 
needed to mitigate adverse outcomes.
	 Failure rates of the Prostar XL and dual Perclose Pro-
Glide devices resulting in the need for percutaneous in-
tervention or surgery vary from 4% to 19%, with sheath 
sizes ranging from 18F to 24F.17 Moreover, a Perclose 
ProGlide–based vascular closure strategy was found to 
have lower rates of major vascular complications, bleed-
ing, and kidney injury than a Prostar XL–based vascu-
lar closure strategy.6 Patients experiencing failure of the 
Perclose ProGlide system were found to have a nearly 
6-fold increased risk of minor vascular complications.9 

The relatively lower primary success rate of double Per-
close ProGlide (71%) in this study did not specifically 
address overall Perclose ProGlide success, given that, 
in this case series, ANGIO-SEAL augmentation was 
used to maintain immediate hemostasis, even in cases 
of residual oozing at the access site. Hence, a substantial 
number of patients would have achieved full hemostasis 
with prolonged manual compression, with no need for 
ANGIO-SEAL bailout.
	 ANGIO-SEAL systems are designed for closure of 
8F and smaller procedural sheaths, whereas Perclose 
ProGlide systems are indicated for procedures that use 
5F to 21F sheaths. In addition, there have been reports 
of using the ANGIO-SEAL device outside its approved 
indication to close access sites slightly larger than the 
recommended sheath sizes (9-12F) after balloon aortic 
valvuloplasty and endovascular aneurysm repair pro-
cedures.18 The rationale for using the ANGIO-SEAL 
rather than an additional suture-mediated closure de-

vice in the authors’ practice is 3-fold: (1) to achieve rapid 
hemostasis at the arteriotomy site without the need for 
prolonged manual compression; (2) the dual mecha-
nism of action of the ANGIO-SEAL system, which 
approximates the arteriotomy site using an anchor and 
collagen plug combined with the collagen’s procoagu-
lant properties; and (3) to obviate the need for an addi-
tional Perclose ProGlide device to prevent femoral artery 
stenosis.
	 In this respect, the current study indicates that ad-
junctive use of ANGIO-SEAL in cases of dual Perclose 
ProGlide failure could induce complete hemostasis, re-
duce cinching of the artery without additional Perclose 
ProGlide device use, and provide early ambulation of 
the patient. Findings from this study should be con-
firmed by larger, prospective randomized controlled 
trials before being adopted in routine clinical practice.

Study Limitations
The present data were obtained retrospectively from a 
single-center registry; therefore, no randomized com-
parison between these techniques and other large-bore 
closing devices could be made. Such confounding 
factors, including use of oral anticoagulants and an-
tiplatelets, the presence of peripheral vascular disease, 
variations in active clotting time, and different skill 
levels with various TAVI systems, may have resulted in 
incomplete hemostasis. Another limitation is the size 
of this study, which could preclude direct comparison 
of rare vascular complications, such as pseudoaneu-
rysm, arteriovenous fistula, and acute limb ischemia. It 

TABLE III. Clinical Outcomes

Dual Perclose ProGlide, 
No. (%) (n = 139)

Dual Perclose ProGlide+ 
ANGIO-SEAL, No. (%)
(n = 46)

P valuea

Hematoma 4.0 (2.9) 5.0 (10.9) .044

Pseudoaneurysm 2.0 (1.4) 0.0 (0.0) .999

Stenosis/occlusion 9.0 (6.5) 5.0 (10.9) .34

Dissection 10.0 (7.2) 6.0 (13.0) .23

Endovascular intervention at access site 10.0 (7.2) 3.0 (6.5) .999

Unplanned surgical intervention at access site 6.0 (4.3) 2.0 (4.3) .999

Closure device failure 4.0 (2.9) 0.0 (0.0) .57

Rupture 4.0 (2.9) 0.0 (0.0) .57

In-hospital mortality 12.0 (8.6) 2.0 (4.3) .52

Overall complications

Major vascular 13.0 (9.4) 2.0 (4.3) .36

Minor vascular 13.0 (9.4) 8.0 (14.7) .14

Major bleeding 16.0 (11.5) 2.0 (4.3) .25

Minor bleeding 9.0 (6.5) 5.0 (10.9) .34

a P < .05 was considered statistically significant.
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is possible that use of an ANGIO-SEAL device to aid 
hemostasis may increase the risk of acute or subacute 
arterial occlusion or embolization requiring urgent sur-
gery. Additionally, the absence of ultrasound guidance 
may have precluded precise common femoral artery 
location/puncture and Perclose ProGlide success. Note 
that off-label use of the Angio-Seal device should be 
considered on an individual patient basis and in light 
of operator experience, device familiarity, and alterna-
tive closure approaches. Nevertheless, augmenting dual 
Perclose ProGlide use with an Angio-Seal device could 
result in early complete hemostasis and enable patients 
to ambulate early after TAVI.

Conclusion
Based on this study’s findings, adjunctive Angio-Seal 
device deployment may be feasible and safe in the set-
ting of incomplete hemostasis following dual Perclose 
ProGlide use as a bailout procedure for TAVI proce-
dures. Because such use of the Angio-Seal device is cur-
rently off label, more studies are needed to evaluate the 
potential risks and benefits of this technique.
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