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Abstract
BACKGROUND 
The use of pre-closure suture-based devices represents a widely access-site 
hemostasis technique in percutaneous transfemoral transcatheter-aortic-valve-
replacement (TF-TAVR); yet this technique is associated with the risk of a device 
failure that may result in clinically relevant residual bleeding. Thus, a bailout 
intervention is needed. So far, the best management of pre-closure device failure 
has not been recognized.

AIM 
To report the first clinical results obtained using a novel bailout hemostasis 
technique for patients with double suture-based vascular closure device failure in 
the setting of TF-TAVR.

METHODS 
We developed a “pledget-assisted hemostasis” technique to manage residual 
access-site bleeding. This consists of the insertion of a surgical, non-absorbable, 
polytetrafluoroethylene pledget over the sutures of the two ProGlide (Abbott 
Vascular, CA, United States). The ProGlide’s knot-pushers are used to push down 
the pledget and the hand-made slipknot to seal the femoral artery leak. This 
technique was used as a bailout strategy in patients undergoing TF-TAVR with a 
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systematic double pre-closure technique. Post-procedural access-site angiography was systemat-
ically performed. In-hospital complications were systematically detected and classified according 
to Valve Academic Research Consortium-2 criteria.

RESULTS 
Out of 136 consecutive patients who underwent TF-TAVR, 15 patients (mean age 80.0 ± 7.2 years, 
66.7% female) with access-site bleeding after double pre-closure technique failure were treated by 
pledget-assisted hemostasis. In the majority of patients, 16F sheath was used (n = 12; 80%). In 2 
cases (13%), a peripheral balloon was also inflated in the iliac artery to limit blood loss during 
pledget preparation. Angiography-confirmed hemostasis (primary efficacy endpoint) was 
achieved in all patients. After the procedure, 1 patient required blood transfusion (2 units), and no 
other bleeding or major ischemic complication was noticed.

CONCLUSION 
The “pledget assisted hemostasis” might be considered as a possible bailout technique to treat 
patients with residual access site bleeding. Further studies are needed to compare this approach 
with other bail-out techniques.

Key Words: Transcatheter aortic valve replacement; Transcatheter aortic valve implantation; Vascular 
complications; Preclosure device; Pledget; Hemostasis; Personalized medicine
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Core Tip: This is a retrospective pilot study to report the first clinical results obtained using a novel bailout 
hemostasis technique for patients with double suture-based vascular closure device failure in the setting of 
trans-femoral transcatheter-aortic-valve-replacement. The “pledget-assisted hemostasis” technique 
consists of the insertion of a surgical, non-absorbable, polytetrafluoroethylene pledget over the sutures of 
two ProGlide (Abbott Vascular, CA, United States). The ProGlide’s knot-pushers are used to push down 
the pledget and the hand-made slipknot to seal the femoral artery leak. This technique was used as a 
bailout strategy in patients undergoing trans-femoral transcatheter aortic valve replacement with 
systematic double preclosure technique.
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INTRODUCTION
Despite increased operator experience and device improvement, access site complications still pose a 
significant concern regarding procedural safety of trans-femoral transcatheter aortic valve replacement 
(TF-TAVR)[1]. Accordingly, strategies to minimize the occurrence and the clinical sequelae of access-site 
complications are continuously investigated.

When practicing percutaneous TF-TAVR, in addition to proper access site selection and precise 
puncture of common femoral artery (CFA)[2], the use of vascular closure devices (VCD) is actually 
widely adopted. Within different VCD-based technical options, pre-implantation of suture-based 
closure devices has gained popularity. However, vascular complications are not abolished, and residual 
access site bleeding is often detected (in up to one-third of patients)[3-5] due to significant blood leakage 
at the level of arterial entry site. Thus, as a part of TF-TAVR procedures, strategies to bailout manage 
VCD failures are applied daily according to various local expertise. The best technique to manage 
residual bleeding after suture-based VCD failure has not yet been recognized. Thus, we herein report 
the description and the results obtained in the early clinical practice of a novel “pledget-assisted 
hemostasis” technique.

https://www.wjgnet.com/1949-8462/full/v14/i5/297.htm
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MATERIALS AND METHODS
Technique description
According to our local practice, TF-TAVR is systematically performed under conscious sedation 
according to the previously described “less-invasive totally-endovascular” (LITE) technique[6]. Briefly, 
the LITE technique combines a series of technical solutions aimed to minimize vascular complications 
and includes radial approach as the “secondary access” (to guide valve positioning, to check femoral-
access hemostasis, and to manage eventual access-site complications) and precise CFA puncture using 
angiographic-guidewire-ultrasound guidance[7]. Femoral hemostasis was systematically attempted 
using a double pre-closure technique with two suture devices (ProGlide, Abbott Vascular, CA, United 
States). After prosthesis implantation and TAVR sheath removal, hemostasis with parallel double 
ProGlide sutures was done[8].

At this stage, before the suture threads of the ProGlide device were cut down, hemostasis was 
checked by selective iliac-femoral angiography performed by radial access with a multipurpose guiding 
catheter[6]. Digital subtraction angiography of the iliac-femoral arteries allowed to assess vascular 
integrity or to diagnose the occurrence of vascular damages or bleeding complications. At this stage, 
when significant residual bleeding at the site of femoral entry was recognized, a new “pledget-assisted 
hemostasis” technique was applied (Figure 1A). It consists of the application of a surgical non-
absorbable polytetrafluoroethylene 6.5 mm x 4 mm x 1.5 mm pledget over the two ProGlide sutures 
(one of each device). The steps practiced to mount the pledget over the suture threads are depicted in 
Figure 2. Then, the pledget was pushed down over the two sutures using the ProGlide knot-pusher, and 
tied with a hand-made sliding knot to achieve a stable approximation to the surface of the vessel wall.

After pledget application, selective iliac-femoral digital subtraction angiography was repeated to 
check for hemostasis achievement (Figure 1B).

When massive bleeding was noticed at the first angiographic check such that manual compression 
was considered insufficient, a peripheral balloon was advanced and inflated in the iliac-femoral artery 
by radial route to prevent significant blood loss during pledget-assisted hemostasis performance.

Study population
According to the standard practice of our center, all patients were referred for TAVR based on formal, 
multidisciplinary, heart-team discussion. For each patient, the peripheral computed tomography was 
revised by at least two operators to assess the feasibility of TF approach. Clinical data and procedure 
details were prospectively entered into a dedicated database that allowed to assess previously the 
impact of EuroSCORE on coronary interventions[9] and the safety of transradial procedures[10]. At the 
time of heart-team consultation, patients’ surgical risk was graded according to the Society of Thoracic 
Surgeons (STS) predicted operative mortality[11]. TAVR risk was graded according to the STS-
American College of Cardiology Transcatheter Valve Therapy (STS-ACC TVT)[12] using the online 
TAVR in-hospital mortality risk calculator (https://tools.acc.org/tavrrisk/#!/content/evaluate/).

The antiplatelet/anticoagulant regimen was individualized according to the patient’s characteristics, 
and no standardized protocol was available. As a general approach, most of the patients received 
double antiplatelet therapy, while the patients with the need for anticoagulation were kept on antico-
agulant therapy plus 1 mo of single antiplatelet therapy. All procedures were performed under systemic 
anticoagulation with unfractionated heparin (70 UI/kg, reversed with protamine sulfate at the end of 
the procedure, before hemostasis).

In-hospital clinical outcomes were prospectively recorded, since the continuous monitoring of in-
hospital clinical outcomes for TAVR is part of the Institutional clinical pathway dedicated to patients 
with heart valve diseases (http://www.policlinicogemelli.it/Policlinico_Gemelli.aspx?p=21C1F922-
73FF-4B2F-A2FF-022DE91A6586) according to the European recommendations[13]. Bleeding or vascular 
complications were defined according to Valve Academic Research Consortium-2 (VARC-2) criteria[14].

Out of consecutive patients who underwent TF-TAVR from October 2019 to September 2020, we 
selected all patients with residual access site bleeding who underwent pledget-assisted hemostasis 
attempt after the failure of double pre-closure technique with ProGlide suture. These patients 
constituted the study population of the present pilot study[15].

Study endpoints
The primary efficacy end-point was the achievement of angiographically-confirmed hemostasis in the 
operative room without the need for further bail-out interventions (surgery or endovascular).

The primary safety end-point was the occurrence of life-threatening bleedings, major bleedings, or 
major vascular complications as defined according to VARC-2 classification[14].

RESULTS
During the study period, 136 patients underwent TF-TAVR. The TAVR systems used included 
Medtronic Evolute R (n = 40, 29%), Medtronic Evolut Pro (n = 81, 60%), Edwards Sapien3 (n = 10, 7.3%), 

https://tools.acc.org/tavrrisk/#!/content/evaluate/
https://tools.acc.org/tavrrisk/#!/content/evaluate/
http://www.policlinicogemelli.it/Policlinico_Gemelli.aspx?p=21C1F922-73FF-4B2F-A2FF-022DE91A6586
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Figure 1 Angiography before and after pledget-assisted hemostasis. A: Residual bleeding at the transcatheter-aortic-valve-replacement access site 
(white arrow) after double ProGlide preclosure; B: Absence of residual bleeding (white arrow) after pledget assisted hemostasis.

and Abbott Portico (n = 5, 3.7 %).
A total of 15 patients (mean age 80.0 ± 7.2 years, 66.7% female) with residual access site bleeding after 

double pre-closure in TF-TAVR were prospectively included in the pilot study. The main characteristics 
of the study population are summarized in Table 1. The average STS mortality score was 3.7 ± 2.5, and 
TAVR score was 2.69 ± 0.7. In the majority of patients, 16F sheath was used (n = 12; 80%), while 14F 
sheath was used in 2 patients (6.7%) and 18F in 1 patient (6.7%). Direct valve implantation was done 
only in 1 patient. In 6 (40.0%) patients, valve post-dilatation was done. Balloon inflation in the iliac 
artery was performed in 2 cases (13.3%) to limit blood loss during pledget preparation and in 2 cases 
(13.3%) to treat an intimal flap (Table 2).

Angiographically-confirmed hemostasis was achieved in all patients (100%).
After TAVR, 1 patient required blood transfusion (2 units) (Table 2), and no other bleeding or 

vascular complication were noticed (Table 2). All patients were discharged after 7 ± 5 d.

DISCUSSION
The complete percutaneous approach in TF-TAVR represents a less invasive technique to treat patients 
with aortic valve stenosis. Suture-based VCD use according to pre-closure technique is actually widely 
adopted to achieve arterial haemostasis but is associated with the possibility of residual blood leakage. 
Thus, as a part of TF-TAVR procedures, strategies to bailout manage VCD failures are daily applied 
according to various local expertise.

In the present study: (1) We describe a novel technique (based on “pledget” use) to manage double 
suture-based device failure; and (2) We report the efficacy and safety observed in a pilot clinical 
observational study.

According to VARC-2 position paper, “access-related” complications are defined as any adverse 
clinical event possibly associated with any of the access sites used during the procedure[14]. Across the 
literature, wide variations regarding the occurrence of vascular complications and their impact on 
clinical outcomes exist[16-18]. Different sizes of the valve delivery systems used over time, evolving 
closure techniques, and operator experience might play a major role. In such context, the occurrence of 
VCD failure might determine different clinical consequences ranging from life-threatening bleedings to 
the absence of any significant blood loss. According to recent studies[16-18], up to 70% of VARC-2 major 
vascular complications were related to VCD failure. Puncture site optimization and VCD selection 
might modulate VCD failure occurrence. Regarding entry-site optimization, the “perfect puncture” of 
CFA within spots free from calcium and above the bifurcation may be pivotal in reducing complic-
ations. To select a proper puncture site, either ultrasound guidance[19] or angio-guidewire-ultrasound 
technique[7] might be considered. Furthermore, different vascular closure devices (VCD) are available 
to diminish bleeding complications and to make TF-TAVR totally percutaneous. Percutaneous 
haemostasis of the large-bore devices used during TAVR, requires the “preclosure” technique, which is 
based on the deployment of the sutures before the introduction of the large sheaths. Then, after the 
valve implantation at the end of the procedure, sutures are tied by pushing down the knots  after 
introducer removal.
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Table 1 Main characteristics of study population

Patients

Patient number 15

Age, yr (mean ± SD) 80.0 ± 7.2

Female gender 10 (66.7%)

BMI, kg/m2 (mean ± SD) 27.41 ± 3.6

Risk factors

Diabetes 2 (13.3%)

Hypertension 13 (86.7%)

Dyslipidemia 6 (40.0%)

Smoking 0

Medical history/comorbidities

Chronic kidney disease (not on dialysis) 3 (20.0%)

Chronic dialysis 0

Peripheral artery disease 2 (13.3%)

Atrial Fibrillation 8 (53.3%)

Previous stroke 2 (13.3%)

Chronic pulmonary disease 2 (13.3%)

Previous myocardial infarction 2 (13.3%)

Previous PCI 4 (26.7%)

Previous CABG 1 (6.7%)

STS mortality 3.7 ± 2.5

TAVR score 2.69 ± 0.7

Anticoagulant and antiplatelet therapy

Anticoagulants 7 (46.6%)

Dual antiplatelet therapy 6 (40%)

Clopidogrel 11 (73.3%)

Acetyl salicylic acid 8 (53.3%)

PCI: Percutaneous coronary intervention; CABG: Coronary artery bypass grafting; STS: Society of Thoracic Surgeons; TAVR: Transcatheter-aortic-valve-
replacement; SD: Standard deviation.

Regarding VCD selection, several devices entered the clinical practice and include suture-based 
closure devices such as 6F ProGlide, 10 F Prostar XL (both Abbott Vascular Inc, Santa Clara, CA, United 
States), and plug-based 14 F or 18 F MANTA (Essential Medical Inc., Malvern, PA, United States). 
Among suture-based closure devices, Prostar XL is associated with a higher rate of major bleeding 
compared to Proglide, as demonstrated in previous studies[20-24] and meta-analysis[25]. The novel 
collagen-based MANTA (14 and 18F) appears to be an effective and safe device for large-bore access 
closure, reporting only 4% of major and 5.6% of minor access site complications in the prospective 
MARVEL registry[5]. Initial data comparing MANTA with Proglide did not show clear advantages for 
MANTA device in the terms of access site bleeding complications[26-29]. Thus, the preclosure technique 
with ProGlide is still popular, and prompt hemostasis failure recognition and effective bailout 
management strategies might be pivotal to limit the clinical impact of VCD failure. Depending on the 
characteristics of the access site complications, different methods and materials for bailout endovascular 
interventions are proposed[2], mainly to avoid the risk of urgent vascular surgery. One possible solution 
is the crossover balloon occlusion technique (CBOT), which has been associated with a lower risk of 
VARC-2 major vascular bleeding complications[30]. Of note, CBOT might be effectively performed not 
only from the contralateral femoral artery, but it can be done ipsilaterally by superficial femoral artery 
access[31] or remotely by radial access[6].
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Table 2 Bleeding and vascular adverse events according to the updated standardized endpoint from Valve Academic Research 
Consortium-2

Adverse events n (%) Adverse event description and 
management

Bleeding complications

Life-threatening bleeding (bleeding in a critical organ or causing hypovolemic shock or severe 
hypotension requiring vasopressors or surgery or overt source of bleeding with drop in 
hemoglobin ≥ 5 g/dL or transfusion ≥ 4 units)

0

Major bleeding (bleeding either associated with a drop in the hemoglobin level of at least 3.0 
g/dL or requiring transfusion of 2-3 units, or causing hospitalization or permanent injury, or 
requiring surgery but does not meet criteria of life-threatening or disabling bleeding)

1 
(6.7%)

1 patient requiring post-operative blood 
transfusion (2 units) without further bleeding 
source

Minor bleeding (any bleeding worthy of clinical mention that does not qualify as life-
threatening, disabling, or major)

0

Vascular complications

Major vascular complications 0

Minor vascular complications 2 
(13.3%)

Access site or access-related vascular injury (not leading to death, life-threatening or major 
bleeding, visceral ischemia, or neurological impairment)

2 
(13.3%)

Two femoral artery non-occlusive dissections 
successfully treated by balloon angioplasty 
during the index procedure

Distal embolization 0

Any unplanned vascular intervention (endovascular stenting or unplanned surgical 
intervention not meeting the criteria for a major vascular complication)

Need for vascular repair (via surgery, ultrasound-guided compression, transcatheter 
embolization, or stent-graft)

0

Primary safety end-point (life-threatening bleedings or major bleedings or major vascular 
complications)

1 
(6.7%)

When a failure of VCD is recognized and wire is still left through the arteriotomy, either a third 
ProGlide device or an Angio-Seal (Abbott Vascular, Redwood City, CA, United States) can be utilized 
with great effectiveness and safety[32,33]. Yet, if a wire is no longer available, only prolonged manual 
compression or endovascular techniques through other arterial accesses can be practiced. Thus, we 
introduced the novel option of using the Proglide’s sutures to deliver a surgical pledget in order to seal 
residual leak. According to our experience, this “pledget-assisted hemostasis” was highly effective, 
allowing early achievement of complete hemostasis. This translated into the smooth clinical post-
procedural course in all but 1 patient (who received blood transfusion in the absence of further blood 
loss source documentation).

Study limitations
The present paper should be regarded just as a pilot study for a novel technique practiced by 
experienced interventional cardiologists in a limited number of procedures. Important limitations are 
evident (beyond the sample size) in this study.

First, the long-term safety of this technique has still to be ascertained, since specific complications 
(like local infections) might theoretically be triggered by the use of additional devices and we limited 
our follow-up to the in-hospital period.

Second, the study lacked a comparative arm. Thus, it is not possible to speculate regarding the 
possible benefit as compared with other bailout management strategies.

CONCLUSION
We have proposed a novel strategy to guarantee post TF-TAVR access site hemostasis using the 
Proglide sutures to deliver a surgical pledget in order to seal residual leak. The “pledget assisted 
hemostasis” might be considered as a possible bailout technique to treat patients with residual access 
site bleeding. Further studies are needed to compare this approach with other bail-out techniques.
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Figure 2 Steps of pledget-assisted hemostasis. The technique is shown as practiced on a white drape in order to show the steps in the absence of blood. A: 
Double ProGlide suture after cutting one monofilament from each device and pledget (red arrow); B: Insertion of two cannulas through the pledget (colored by iodine 
solution to facilitate recognition); C: Steel needles removal from the cannulas; D: Insertion of ProGlide monofilaments through the cannulas; E: Cannulas removal 
leaving Proglide monofilaments inserted through the pledget; F: Realization of one of two knots; G: Pledget fixation on the artery wall tightening the knots; H: Cut of 
residual Proglide threads; I: Final configuration achieved with pledged tightened over the two ProGlide’s sutures.

ARTICLE HIGHLIGHTS
Research background
The most common technique used for hemostasis in transfemoral transcatheter aortic valve replacement 
(TF-TAVR) is the use of pre-closure devices. Despite favorable results in terms of successful hemostasis, 
sometimes it can be followed by device failure and residual bleeding.

Research motivation
Although there are different possibilities to manage residual bleeding after hemostasis device failure, 
such as bailout additional closure device use, balloon-assisted hemostasis, or surgery, the best 
management is still unclear.

Research objectives
To describe and report the results of an original technique for managing residual access site bleeding 
after vascular closure devices failure.

Research methods
The authors developed a novel technique to resolve residual access-site bleeding named “pledget 
assisted hemostasis”. If residual bleeding was noticed, “pledget assisted hemostasis” with surgical non-
absorbable polytetrafluoroethylene 6.5 mm x 4 mm x 1.5 mm pledget was done on the top of double 
pre-closure device. Proper hemostasis without residual bleeding was confirmed with control 
angiography.
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Research results
A total of 15 consecutive patients (mean age 80.0 ± 7.2 years, 66.7% female) with residual access site 
bleeding after double pre-closure in TF-TAVR were prospectively included in this pilot study. In the 
majority of patients 16F sheath was used (n = 12; 80%), 14F sheath was used in 2 patients (6.7%), and 18F 
in 1 patient (6.7%). Hemostasis with the pledget technique was achieved in all patients (100%) 
immediately after implantation. Major bleeding defined by Valve Academic Research Consortium-2 
definition did not occur. No access site infection was observed in the follow-up period.

Research conclusions
“Pledget assisted hemostasis” after pre-closure vascular device failure might be considered as a possible 
bailout technique to treat patients with residual access site bleeding. Further studies are needed to 
compare this approach with other bail-out techniques.

Research perspectives
“Pledget assisted hemostasis” might be considered as a possible bailout technique for vascular closure 
device failure.
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