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Abstract: Transcatheter aortic valve replacement (TAVR) has transformed the treatment of aortic
stenosis and should ideally be performed as a totally percutaneous procedure via the transfemoral
(TF) approach. Peripheral vascular disease may impede valve delivery, and vascular access site
complications are associated with adverse clinical outcome and increased mortality. We review
strategies aimed to facilitate TF valve delivery in patients with hostile vascular anatomy and achieve
percutaneous management of vascular complications.
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1. Introduction

Minimally-invasive transcatheter aortic valve replacement (TAVR) has supplanted
surgical aortic valve replacement (SAVR) as the preferred mode of treatment in the majority
of patients with severe aortic stenosis [1,2]. The transfemoral (TF) approach is the preferred
route for valve delivery as it is less invasive than alternative vascular access sites and
enables the procedure to be performed under conscious sedation [3,4]. Performing TAVR
as a totally percutaneous procedure may potentially minimize vascular complications (VC),
facilitate patient ambulation and shorten hospital stay [5]. Comprehensive analysis of
the vascular anatomy by CT angiography is a key component of procedural planning [6].
Puncture of the common femoral artery (CFA) has traditionally been guided by fluoroscopic
imaging of the femoral head and palpation of the femoral pulse. Ultrasound guidance to
locate the appropriate site for vessel puncture has been reported to be beneficial in some
observational studies [7,8]. Valve delivery requires insertion of a large-bore sheath into the
CFA. Commonly used valve delivery systems require a minimal arterial diameter ranging
between 5–6 mm (Table 1).

Table 1. Minimal vessel diameters required for valve delivery.

Valve Valve Size Sheath ID Sheath OD Vessel MLD Manufacturer

Evolut R 23/26/29 mm 14F/4.7 mm 6.0 mm 5.0 mm Medtronic

Evolut R 34 mm 16F/5.3 mm 6.7 mm 5.5 mm Medtronic

Evolut Pro 23/26/29 mm 16F/5.3 mm 6.7 mm 5.5 mm Medtronic

Sapien S3 23/26 mm 14F/4.7 mm 6.0 mm 5.5 mm Edwards

Sapien S3 29 mm 16F/5.3 mm 6.7 mm 6.0 mm Edwards
ID, internal diameter; OD, external diameter; MLD, minimal lumen diameter.

Failure of vascular closure devices (VCD) to achieve access site hemostasis following
valve implantation and sheath removal may lead to severe bleeding, as well as limb
ischemia [9]. Percutaneous management of vascular complications may preclude the need
for invasive surgical vascular repair, facilitate rapid mobilization of patients and shorten
hospital stay. Analysis of a database of 45,884 TAVR procedures found that bleeding, but
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not VC, was an independent predictor of mortality, suggesting that prompt achievement of
hemostasis may improve outcome in these patients [10].

Calcified, stenosed and tortuous ileofemoral arteries characterize patients with “hos-
tile” vascular anatomy and may impede valve delivery and increase susceptibility to
vascular injury during TAVR. In such patients, SAVR may potentially enable valve re-
placement without the need for instrumentation of the peripheral vasculature. However,
patients with peripheral vascular disease often have co-morbidities which are associated
with increased surgical risk and may therefore benefit from percutaneous valve delivery.
Alternative vascular access approaches (e.g., transapical, transaxillary, transcaval) were
developed in order to enable TAVR in patients with hostile vascular anatomy in whom
TF valve delivery was considered technically challenging. No randomized trials have
compared these different approaches; however, the TF route is considered the least invasive.
The aim of the present review is to summarize novel techniques which may facilitate totally
percutaneous TF valve delivery.

2. Vascular Complications Following TAVR

Peripheral vascular disease (PVD) is common in patients referred for TAVR [11,12],
and is associated with increased risk for VC and mortality [13–15]. Vascular access site com-
plications following TAVR include bleeding, as well as limb ischemia [16,17]. Ileofemoral
arterial perforation may be caused by vascular trauma during valve delivery, as well as dur-
ing sheath removal. Failure of VCD to achieve hemostasis may lead to bleeding; however,
deployment of these devices may also result in femoral artery stenosis or occlusion. In a
cohort of 34,893 patients who underwent TAVR between 2011 and 2016 and were included
in the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve
Therapy registry, VC occurred in 9.3% of the subjects, and were associated with increased
mortality and rehospitalization [18]. In a cohort of patients who underwent TAVR in 2017,
only major VC (2.9% of the subjects) but not minor complications (23.2% of the subjects)
were associated with increased mortality, and required surgical vascular repair in half the
cases [19]. In various studies, predictors of VC included female gender, diagnosis of PVD,
smaller diameter of iliofemoral arteries, vascular calcification and tortuosity, larger sheath
size and increased sheath to femoral artery ratio [18–22].

Vascular calcification [23–25], tortuosity [26] and small vessel diameter [20] may pre-
clude TF valve delivery. Use of stiff 0.035” guide-wires (e.g., Lunderquist Extra-Stiff, Cook,
Bloomington, IN, USA) may facilitate sheath insertion and valve delivery. In some cases,
balloon angioplasty may be performed to dilate obstructive ileofemoral stenoses; however,
this technique may be ineffective in the presence of severe circumferential calcification and
may cause vascular injury. Dedicated devices for treating calcified vascular lesions, such as
orbital atherectomy (Diamondback, CSI, St. Paul, MN, USA) and intravascular lithotripsy
(Shockwave Medical, Santa Clara, CA, USA), may facilitate valve delivery in patients with
occlusive peripheral vascular disease [27–29].

3. Vascular Closure Device Failure

Use of VCD to achieve hemostasis decreases wound complications and duration of
hospitalization compared to surgical cut-down [9,30–33]. Suture-mediated VCD (Prostar
XL and Proglide, Abbott Vascular, Santa Clara, CA, USA) are deployed prior to sheath
insertion (pre-closure) and the sutures are fastened following sheath removal. Optimal
depth for deployment of collagen plug-based VCD (Manta, Teleflex, Morrisville, NC, USA)
is assessed prior to sheath insertion, and the VCD is deployed following sheath removal.
Vascular closure devices may fail to achieve access site hemostasis in two distinct settings:
inability to position a VCD at the beginning of the procedure (“primary” VCD failure),
and inability of a VCD to achieve hemostasis following sheath removal at the end of the
procedure (“secondary” VCD failure). In cases of primary VCD failure, inability to perform
pre-closure may lead to abortion of the procedure, surgical femoral artery cut-down or
selection of more invasive alternative access, and may be associated with worse clinical
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outcome [34]. Secondary VCD failure, with the inability to achieve hemostasis following
valve delivery, may lead to bleeding or vascular occlusion [22,35–38]. In a cohort of patients
receiving large (>16F) vascular sheaths, VCD failure occurred in 7.6% of the subjects and
was predicted by the presence of PVD, a deep skin puncture site and a large body mass
index [36]. In a cohort of patients undergoing TAVR with a mean sheath size of 16.8F, VCD
failure occurred in 11.4% of the patients and was associated with a smaller femoral artery
diameter [37]. In a cohort undergoing TAVR using contemporary 14–16F sheaths, VCD
failure occurred in 5.6% of the cases [22].

4. Percutaneous Management of Vascular Complications

Early detection and rapid management of VC is crucial. Manual compression may
achieve hemostasis in cases of minor access site bleeding, and protamine sulfate may be
safely administered to reverse anticoagulation [39]. Severe bleeding or limb ischemia
may require surgical vascular repair, which may delay patient mobilization and hospital
discharge [19]. The goal of performing a minimally-invasive TAVR procedure has provided
the impetus for development of novel percutaneous strategies for vascular repair.

Percutaneous management of VC and vascular repair may be facilitated by placement
of a 0.014′′ 300-cm length “safety” wire within the femoral artery prior to puncture of the
primary vascular access site (e.g., Grand slam, Asahi Intecc, Irvine, CA, USA). The safety
wire is delivered via a secondary vascular access site (Figure 1) and is utilized as a rail for
delivering devices for diagnosing and treating vascular injury.
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Figure 1. Secondary vascular access sites. Secondary vascular access sites which may be used as
ports of entry for a safety wire and delivery of devices for percutaneous repair of femoral artery
injury (arrowhead): (A) contralateral femoral artery, (B) ipsilateral distal femoral artery, (C) brachial
artery, (D) radial artery.

The contralateral femoral artery was traditionally used for secondary vascular access
in TF TAVR procedures. Alternative secondary access sites include the ipsilateral distal
branches of the femoral artery (superficial femoral artery or profunda) [40–42], radial
artery [43,44] and brachial artery [45]. Control angiography is performed following sheath
removal from the primary vascular access site and VCD deployment. If VC are detected,
percutaneous repair may then be performed. Alternatively, an occlusive balloon may be
inflated proximal to the site of vascular injury in order to prevent blood loss and stabilize
the patient pending open surgical vascular repair.
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5. Vascular Repair by Stent Graft Implantation

The CFA is subject to repetitive stress and flexion at the hip joint. Implantation of
balloon-expandable stents within the CFA is unsafe due to risk of stent fracture, compres-
sion, restenosis and branch occlusion [46,47]. Nitinol, a metal alloy of titanium and nickel,
has unique shape-memory and super-elasticity characteristics. Nitinol-based devices retain
their initial geometry despite undergoing extreme structural deformation. Recent studies
have confirmed the safety and efficacy of nitinol stents as an alternative to surgical en-
darterectomy for revascularizing the CFA in patients with occlusive atherosclerotic vascular
disease [48–51].

Stents grafts (SG), which are covered with impermeable membranes such as polyte-
trafluoroethylene, may be used for excluding vascular tears and perforations and maintain-
ing arterial integrity. Balloon-expandable SG, which were previously used for endovascular
repair of iatrogenic vascular injury [52], have been largely replaced by nitinol self-expanding
SG (e.g., Viabahn, Gore Medical, Flagstaff, AZ, USA and Fluency, Bard Medical, Murray
Hill, NJ, USA). Several studies have assessed the safety and efficacy of SG implantation for
treating vascular access site complications following TF TAVR [53–58]. The most common
indications for SG implantation were femoral artery rupture and major bleeding (Figure 2);
however, SG were also used for treating residual stenosis and significant dissections.
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Figure 2. Secondary VCD failure. An 86-year-old female underwent transfemoral TAVR via the right
femoral artery (A). Vessel pre-closure was performed with a Prostar XL device. Control angiogram
performed following removal of the 16 Fr sheath and fastening of the Prostar sutures revealed femoral
artery perforation (B). A Fluency 9 × 60 mm stent graft which was delivered from the contralateral
femoral artery achieved hemostasis (C).

Stents were implanted in 10–24% of patients undergoing TF TAVR and achieved
hemostasis in 98–100%. During follow-up, the stents maintained near-universal patency
with a low rate of asymptomatic strut fracture. Anecdotal data suggests that repeat vascular
access and deployment of a VCD may be possible within a vessel that was previously treated
by SG implantation [59]. A liberal policy of SG implantation has been adopted at some
medical centers in order to increase the number of patients undergoing truly percutaneous
TF TAVR, including patients with challenging iliofemoral anatomy who are at an increased
risk for VC [58].

6. Technical Aspects of Stent Graft Implantation

The CFA should be punctured at least 1 cm above the bifurcation in order to enable
SG implantation without compromising outflow to the superficial femoral artery or pro-
funda. Decision to implant SG is usually made following sheath removal, when control
angiography reveals evidence of VCD failure.
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Long sheaths (e.g., Flexor, Cook Medical, Bloomington, IN, USA) may be used for SG
delivery; however, they require upsizing of the secondary vascular access (e.g., delivery of
a Fluency SG with a nominal diameter of 8 mm requires a 9F sheath). Alternatively, SG
may be delivered by a sheathless technique in order to minimize vascular trauma at the
secondary access site. Stent grafts are typically delivered antegradely, from the contralateral
femoral artery (“crossover”, “up and over”). Alternatively, ipsilateral distal vascular access
within the superficial femoral artery or profunda [40–42] and the brachial artery may also
be used for SG delivery [45]. The radial artery is unsuitable as a port for SG delivery in
most patients due to small vessel diameter and increased distance from the radial artery to
the site of vascular injury, which may exceed the length of the SG shaft. Choice of nominal
SG diameter should be 1–2 mm larger than the target vessel as measured by pre-procedural
CT angiography to ensure apposition of the SG to the vessel wall.

7. Totally Percutaneous TAVR in Cases of Primary VCD Failure

Pre-procedural assessment of the femoral artery anatomy may show that the vascular
anatomy is unsuitable for deployment of a VCD. In some patients, attempts to perform
pre-closure with a suture-based VCD at the beginning of the TAVR procedure, prior to
sheath insertion, may fail. Performing TF TAVR despite the inability to utilize a VCD may
necessitate surgical vascular repair of the femoral artery. Patients at increased risk for
complications of vascular surgery may benefit from a percutaneous method for achieving
access site hemostasis following valve implantation and sheath removal. We assessed the
feasibility of a strategy of planned stent graft implantation within the femoral artery for
achieving access site hemostasis in a cohort of patients undergoing TF TAVR, in whom
vascular pre-closure was not possible (Figure 3) [60].
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Figure 3. Primary VCD failure. A 90-year-old male with peripheral vascular disease was diagnosed
with severe symptomatic aortic stenosis and an abdominal aortic aneurysm. (a) CT angiography
revealed an infra-renal aortic aneurysm and diffusely calcified ileofemoral arteries with a minimal
lumen diameter of 6.0 mm. (b) A combined TAVR and endovascular aneurysm repair (EVAR)
procedure was performed. 5Fr sheaths were inserted into both superficial femoral arteries, through
which two 0.014” safety wires were delivered to the aorta. Pre-closure with Proglide vascular closure
devices was performed in the right femoral artery; however, vascular calcification precluded Proglide
deployment in the left femoral artery (A). Implantation of a 29 mm Sapien S3 valve (B) was followed
by EVAR (C) (safety wires within the femoral arteries marked with arrows). A 9 × 60 mm Fluency
stent graft (between arrowheads) was positioned parallel to the 14Fr sheath (arrow) in the left femoral
artery prior to sheath removal (D) and deployed following sheath removal (E). Proglide devices
achieved vascular closure of the right femoral artery following removal of the 18Fr sheath (F).

These patients were considered at increased risk for complications of vascular surgery
due to advanced age, frailty, co-morbidities, or immobility. Stent graft implantation achieved
access site hemostasis in all patients. During follow-up, 30-day mortality was zero, one-year
mortality was 27%, and none of the patients required additional vascular interventions.

8. Summary and Conclusions

Recent evolution of techniques and devices for treating severely diseased ileofemoral
occlusive vascular disease, as well as novel strategies for utilizing SG for management
of access site vascular complications, offer the opportunity to expand the role of totally
percutaneous TF TAVR to patients with PVD (Figure 4).
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was then punctured and pre-closure with a Proglide device was performed. (C) The left iliac artery 
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Figure 4. Use of multiple modalities in a patient with hostile vascular anatomy. An 89-year-old female
with severe PVD and severe symptomatic aortic stenosis was referred for TAVR. (a) CT angiography
revealed extremely calcified and stenosed ileofemoral arteries, with minimal diameters of 3.5 mm.
(b) The TAVR procedure was performed via the left femoral artery, with two safety wires inserted;
antegrade via the right brachial artery and retrograde via the left superficial femoral artery (SFA).
(A) A 5Fr sheath was inserted into the left SFA (arrow). (B) The left common femoral artery was
then punctured and pre-closure with a Proglide device was performed. (C) The left iliac artery was
dilated with a 6 mm Shockwave balloon at 6 atmospheres and a 6 mm non-compliant balloon at
24 atmospheres. (D) A 26 mm Evolut Pro valve was delivered over a stiff Lunderquist wire and
implanted. (E) An occlusive 7 mm balloon (arrowhead) was delivered via the right brachial artery and
inflated within the proximal left iliac artery prior to sheath removal (arrow). (F) Control angiography
of the left femoral artery, which was performed via the left SFA following removal of the 16 Fr
sheath and fastening of the Proglide sutures, revealed vessel perforation (arrow) and location of both
safety wires (arrowheads). (G) Three overlapping stent grafts were implanted within the ileofemoral
artery. (H) Repeat angiography confirmed adequate hemostasis. The SFA and brachial sheaths were
removed following administration of protamine sulfate.
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A systematic approach to procedural planning and management of vascular complica-
tions increases the likelihood of procedural success (Figure 5).

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 8 of 11 
 

 

and inflated within the proximal left iliac artery prior to sheath removal (arrow). (F) Control angi-
ography of the left femoral artery, which was performed via the left SFA following removal of the 
16 Fr sheath and fastening of the Proglide sutures, revealed vessel perforation (arrow) and location 
of both safety wires (arrowheads). (G) Three overlapping stent grafts were implanted within the 
ileofemoral artery. (H) Repeat angiography confirmed adequate hemostasis. The SFA and brachial 
sheaths were removed following administration of protamine sulfate. 

A systematic approach to procedural planning and management of vascular compli-
cations increases the likelihood of procedural success (Figure 5). 

 
Figure 5. Flowchart for procedural planning and management of vascular complications. CTA, CT 
angiography; SW, safety wire; GW, guide wire; PTA, peripheral angioplasty; IVL, intravascular lith-
otripsy; VCD, vascular closure device; SG, stent graft. 

Development of TAVR systems with lower device profiles, as well as novel VCD de-
signs with improved efficacy, may expand the role of TF TAVR and decrease the need for 
alternative vascular access in patients with hostile vascular anatomy. 

Author Contributions: Conceptualization, A.E. and R.J.; methodology, R.J.; resources, A.S.; data 
curation, H.S. and R.J.; writing—original draft preparation, R.J.; writing—review and editing, A.E., 
H.S., A.S. and R.J.; visualization, A.E. and R.J.; funding acquisition, A.S. and R.J. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Siontis, G.C.M.; Overtchouk, P.; Cahill, T.J.; Modine, T.; Prendergast, B.; Praz, F.; Pilgrim, T.; Petrinic, T.; Nikolakopoulou, A.; 

Salanti, G.; et al. Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treatment of symptomatic 
severe aortic stenosis: An updated meta-analysis. Eur. Heart J. 2019, 40, 3143–3153. https://doi.org/10.1093/eurheartj/ehz275. 

2. Nguyen, V.; Willner, N.; Eltchaninoff, H.; Burwash, I.G.; Michel, M.; Durand, E.; Gilard, M.; Dindorf, C.; Iung, B.; Cribier, A.; et 
al. Trends in aortic valve replacement for aortic stenosis: A French nationwide study. Eur. Heart J. 2022, 43, 666–679. 
https://doi.org/10.1093/eurheartj/ehab773. 

3. Morello, A.; Corcione, N.; Ferraro, P.; Cimmino, M.; Pepe, M.; Cassese, M.; Frati, G.; Biondi-Zoccai, G.; Giordano, A. The best 
way to transcatheter aortic valve implantation: From standard to new approaches. Int. J. Cardiol. 2021, 322, 86–94. 
https://doi.org/10.1016/j.ijcard.2020.08.036. 

4. Eugène, M.; Duchnowski, P.; Prendergast, B.; Wendler, O.; Laroche, C.; Monin, J.-L.; Jobic, Y.; Popescu, B.A.; Bax, J.J.; Vahanian, 
A.; et al. Contemporary Management of Severe Symptomatic Aortic Stenosis. J. Am. Coll. Cardiol. 2021, 78, 2131–2143. 
https://doi.org/10.1016/j.jacc.2021.09.864. 

5. Costa, G.; Bieliauskas, G.; Fukutomi, M.; Ihlemann, N.; Søndergaard, L.; De Backer, O. Feasibility and safety of a fully percuta-
neous transcatheter aortic valve replacement program. Catheter. Cardiovasc. Interv. 2021, 97, E418–E424. 
https://doi.org/10.1002/ccd.29117. 

Figure 5. Flowchart for procedural planning and management of vascular complications. CTA,
CT angiography; SW, safety wire; GW, guide wire; PTA, peripheral angioplasty; IVL, intravascular
lithotripsy; VCD, vascular closure device; SG, stent graft.

Development of TAVR systems with lower device profiles, as well as novel VCD
designs with improved efficacy, may expand the role of TF TAVR and decrease the need for
alternative vascular access in patients with hostile vascular anatomy.

Author Contributions: Conceptualization, A.E. and R.J.; methodology, R.J.; resources, A.S.; data
curation, H.S. and R.J.; writing—original draft preparation, R.J.; writing—review and editing, A.E.,
H.S., A.S. and R.J.; visualization, A.E. and R.J.; funding acquisition, A.S. and R.J. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siontis, G.C.M.; Overtchouk, P.; Cahill, T.J.; Modine, T.; Prendergast, B.; Praz, F.; Pilgrim, T.; Petrinic, T.; Nikolakopoulou, A.;

Salanti, G.; et al. Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treatment of symptomatic
severe aortic stenosis: An updated meta-analysis. Eur. Heart J. 2019, 40, 3143–3153. [CrossRef] [PubMed]

2. Nguyen, V.; Willner, N.; Eltchaninoff, H.; Burwash, I.G.; Michel, M.; Durand, E.; Gilard, M.; Dindorf, C.; Iung, B.; Cribier, A.; et al.
Trends in aortic valve replacement for aortic stenosis: A French nationwide study. Eur. Heart J. 2022, 43, 666–679. [CrossRef]
[PubMed]

3. Morello, A.; Corcione, N.; Ferraro, P.; Cimmino, M.; Pepe, M.; Cassese, M.; Frati, G.; Biondi-Zoccai, G.; Giordano, A. The best
way to transcatheter aortic valve implantation: From standard to new approaches. Int. J. Cardiol. 2021, 322, 86–94. [CrossRef]
[PubMed]

4. Eugène, M.; Duchnowski, P.; Prendergast, B.; Wendler, O.; Laroche, C.; Monin, J.-L.; Jobic, Y.; Popescu, B.A.; Bax, J.J.; Vahanian, A.;
et al. Contemporary Management of Severe Symptomatic Aortic Stenosis. J. Am. Coll. Cardiol. 2021, 78, 2131–2143. [CrossRef]

5. Costa, G.; Bieliauskas, G.; Fukutomi, M.; Ihlemann, N.; Søndergaard, L.; De Backer, O. Feasibility and safety of a fully percutaneous
transcatheter aortic valve replacement program. Catheter. Cardiovasc. Interv. 2021, 97, E418–E424. [CrossRef]

6. Francone, M.; Budde, R.P.J.; Bremerich, J.; Dacher, J.N.; Loewe, C.; Wolf, F.; Natale, L.; Pontone, G.; Redheuil, A.; Vliegenthart, R.;
et al. CT and MR imaging prior to transcatheter aortic valve implantation: Standardisation of scanning protocols, measurements
and reporting-a consensus document by the European Society of Cardiovascular Radiology (ESCR). Eur. Radiol. 2020, 30,
2627–2650. [CrossRef]

7. Kotronias, R.A.; Bray, J.J.; Rajasundaram, S.; Vincent, F.; Delhaye, C.; Scarsini, R.; Marin, F.; Terentes-Printzios, D.; Halcox, J.P.;
Mamas, M.A.; et al. Ultrasound- Versus Fluoroscopy-Guided Strategy for Transfemoral Transcatheter Aortic Valve Replacement
Access: A Systematic Review and Meta-Analysis. Circ. Cardiovasc. Interv. 2021, 14, e010742. [CrossRef]

8. Witberg, G.; Tzalamouras, V.; Adams, H.; Patterson, T.; Roberts-Thomson, R.; Byrne, J.; Dworakowski, R.; MacCarthy, P.; Redwood,
S.; Prendergast, B. Routine Ultrasound or Fluoroscopy Use and Risk of Vascular/Bleeding Complications After Transfemoral
TAVR. JACC Cardiovasc. Interv. 2020, 13, 1460–1468. [CrossRef]

9. Drafts, B.C.; Choi, C.H.; Sangal, K.; Cammarata, M.W.; Applegate, R.J.; Gandhi, S.K.; Kincaid, E.H.; Kon, N.; Zhao, D.X.
Comparison of outcomes with surgical cut-down versus percutaneous transfemoral transcatheter aortic valve replacement: TAVR

http://doi.org/10.1093/eurheartj/ehz275
http://www.ncbi.nlm.nih.gov/pubmed/31329852
http://doi.org/10.1093/eurheartj/ehab773
http://www.ncbi.nlm.nih.gov/pubmed/34849714
http://doi.org/10.1016/j.ijcard.2020.08.036
http://www.ncbi.nlm.nih.gov/pubmed/32814109
http://doi.org/10.1016/j.jacc.2021.09.864
http://doi.org/10.1002/ccd.29117
http://doi.org/10.1007/s00330-019-06357-8
http://doi.org/10.1161/CIRCINTERVENTIONS.121.010742
http://doi.org/10.1016/j.jcin.2020.03.047


J. Clin. Med. 2022, 11, 2104 9 of 11

transfemoral access comparisons between surgical cut-down and percutaneous approach. Catheter. Cardiovasc. Interv. 2018, 91,
1354–1362. [CrossRef]

10. Arnold, S.V.; Manandhar, P.; Vemulapalli, S.; Kosinski, A.; Desai, N.D.; Bavaria, J.E.; Cohen, D.J. Impact of Short-Term Complica-
tions of TAVR on Longer-Term Outcomes: Results from the STS/ACC Transcatheter Valve Therapy Registry. Eur. Heart J. Qual.
Care Clin. Outcomes 2020, 7, 208–213. [CrossRef]

11. Tamburino, C.; Capodanno, D.; Ramondo, A.; Petronio, A.S.; Ettori, F.; Santoro, G.; Klugmann, S.; Bedogni, F.; Maisano, F.;
Marzocchi, A.; et al. Incidence and Predictors of Early and Late Mortality After Transcatheter Aortic Valve Implantation in 663
Patients with Severe Aortic Stenosis. Circulation 2011, 123, 299–308. [CrossRef] [PubMed]

12. Thomas, M.; Schymik, G.; Walther, T.; Himbert, D.; Lefevre, T.; Treede, H.; Eggebrecht, H.; Rubino, P.; Michev, I.; Lange, R.;
et al. Thirty-day results of the SAPIEN aortic Bioprosthesis European Outcome (SOURCE) Registry: A European registry of
transcatheter aortic valve implantation using the Edwards SAPIEN valve. Circulation 2010, 122, 62–69. [CrossRef] [PubMed]

13. Fanaroff, A.C.; Manandhar, P.; Holmes, D.R.; Cohen, D.J.; Harrison, J.K.; Hughes, G.C.; Thourani, V.H.; Mack, M.J.; Sherwood,
M.W.; Jones, W.S.; et al. Peripheral Artery Disease and Transcatheter Aortic Valve Replacement Outcomes: A Report from the
Society of Thoracic Surgeons/American College of Cardiology Transcatheter Therapy Registry. Circ. Cardiovasc. Interv. 2017, 10,
e005456. [CrossRef] [PubMed]

14. Darmoch, F.; Alraies, M.C.; Al-Khadra, Y.; Pacha, H.M.; Soud, M.; Kaki, A.; Rab, T.; Grines, C.L.; Bagur, R.; Kwok, C.S.; et al.
Outcome of Transcatheter Aortic Valve Implantation in Patients with Peripheral Vascular Disease. Am. J. Cardiol. 2019, 124,
416–422. [CrossRef]

15. Ueshima, D.; Barioli, A.; Fovino, L.N.; D’Amico, G.; Fabris, T.; Brener, S.J.; Tarantini, G. The impact of pre-existing peripheral
artery disease on transcatheter aortic valve implantation outcomes: A systematic review and meta-analysis. Catheter. Cardiovasc.
Interv. 2020, 95, 993–1000. [CrossRef]

16. Scarsini, R.; De Maria, G.L.; Joseph, J.; Fan, L.; Cahill, T.J.; Kotronias, R.A.; Burzotta, F.; Newton, J.D.; Kharbanda, R.; Prendergast,
B.; et al. Impact of Complications During Transfemoral Transcatheter Aortic Valve Replacement: How Can They Be Avoided and
Managed? J. Am. Heart Assoc. 2019, 8, e013801. [CrossRef]

17. Mach, M.; Okutucu, S.; Kerbel, T.; Arjomand, A.; Fatihoglu, S.G.; Werner, P.; Simon, P.; Andreas, M. Vascular Complications in
TAVR: Incidence, Clinical Impact, and Management. J. Clin. Med. 2021, 10, 5046. [CrossRef]

18. Sherwood, M.W.; Xiang, K.; Matsouaka, R.; Li, Z.; Vemulapalli, S.; Vora, A.N.; Fanaroff, A.; Harisson, J.K.; Thourani, V.H.; Holmes,
D.; et al. Incidence, Temporal Trends, and Associated Outcomes of Vascular and Bleeding Complications in Patients Undergoing
Transfemoral Transcatheter Aortic Valve Replacement: Insights from the Society of Thoracic Surgeons/American College of
Cardiology Transcatheter Valve Therapies Registry. Circ. Cardiovasc. Interv. 2020, 13, e008227.

19. Langouet, Q.; Martinez, R.; Saint-Etienne, C.; Soulami, R.B.; Harmouche, M.; Aupart, M. Incidence, predictors, impact, and
treatment of vascular complications following transcatheter aortic valve implantation in a modern prospective cohort under real
conditions. J. Vasc. Surg. 2020, 72, 2120–2129. [CrossRef]

20. Hayashida, K.; Lefèvre, T.; Chevalier, B.; Hovasse, T.; Romano, M.; Garot, P.; Mylotte, D.; Uribe, J.; Farge, A.; Donzeau-Gouge, P.;
et al. Transfemoral Aortic Valve Implantation: New Criteria to Predict Vascular Complications. JACC Cardiovasc. Interv. 2011, 4,
851–858. [CrossRef]

21. Kadakia, M.B.; Herrmann, H.C.; Desai, N.D.; Fox, Z.; Ogbara, J.; Anwaruddin, S.; Jagasia, D.; Bavaria, J.E.; Szeto, W.Y.; Vallab-
hajosyula, P.; et al. Factors Associated with Vascular Complications in Patients Undergoing Balloon-Expandable Transfemoral
Transcatheter Aortic Valve Replacement via Open Versus Percutaneous Approaches. Circ. Cardiovasc. Interv. 2014, 7, 570–576.
[CrossRef] [PubMed]

22. Batchelor, W.; Patel, K.; Hurt, J.; Totten, J.; Burroughs, P.; Smith, G.; Cuervo, M.; Davis, L.; Damluji, A.A.; Epps, K.; et al. Incidence,
Prognosis and Predictors of Major Vascular Complications and Percutaneous Closure Device Failure Following Contemporary
Percutaneous Transfemoral Transcatheter Aortic Valve Replacement. Cardiovasc. Revasc. Med. 2020, 21, 1065–1073. [CrossRef]
[PubMed]

23. Van Mieghem, N.M.; Tchetche, D.; Chieffo, A.; Dumonteil, N.; Messika-Zeitoun, D.; Van Der Boon, R.M.; Vahdat, O.; Buchanan,
G.L.; Marcheix, B.; Himbert, D.; et al. Incidence, predictors, and implications of access site complications with transfemoral
transcatheter aortic valve implantation. Am. J. Cardiol. 2012, 110, 1361–1367. [CrossRef] [PubMed]

24. Généreux, P.; Head, S.J.; Van Mieghem, N.M.; Kodali, S.; Kirtane, A.J.; Xu, K.; Smith, C.; Serruys, P.W.; Kappetein, A.P.; Leon, M.B.
Clinical Outcomes After Transcatheter Aortic Valve Replacement Using Valve Academic Research Consortium Definitions: A
Weighted Meta-Analysis of 3519 Patients From 16 Studies. J. Am. Coll. Cardiol. 2012, 59, 2317–2326. [CrossRef]

25. Urbach, J.; Hou, C.R.; Lesser, J.R.; Stanberry, L.I.; Garberich, R.F.; Caye, D.; Sorajja, P.; Gössl, M. Computed Tomographic
Angiography-Derived Risk Factors for Vascular Complications in Percutaneous Transfemoral Transcatheter Aortic Valve Implan-
tation. Am. J. Cardiol. 2019, 124, 98–104. [CrossRef]

26. Mach, M.; Poschner, T.; Hasan, W.; Szalkiewicz, P.; Andreas, M.; Winkler, B.; Grabenwöger, M. The Iliofemoral tortuosity score
predicts access and bleeding complications during transfemoral transcatheter aortic valve replacement: DataData from the
VIenna Cardio Thoracic aOrtic valve registrY (VICTORY). Eur. J. Clin. Investig. 2021, 51, e13491. [CrossRef]

27. Kaluski, E.; Khan, S.U.; Singh, M.; Reitknecht, F.; Sattur, S.; Rogers, G.; Sporn, D. Iliofemoral peripheral orbital atherectomy for
optimizing TAVR access: An innovative strategy in the absence of alternative access options. Cardiovasc. Revasc. Med. 2018, 19,
71–76. [CrossRef]

http://doi.org/10.1002/ccd.27377
http://doi.org/10.1093/ehjqcco/qcaa001
http://doi.org/10.1161/CIRCULATIONAHA.110.946533
http://www.ncbi.nlm.nih.gov/pubmed/21220731
http://doi.org/10.1161/CIRCULATIONAHA.109.907402
http://www.ncbi.nlm.nih.gov/pubmed/20566953
http://doi.org/10.1161/CIRCINTERVENTIONS.117.005456
http://www.ncbi.nlm.nih.gov/pubmed/29042398
http://doi.org/10.1016/j.amjcard.2019.04.047
http://doi.org/10.1002/ccd.28335
http://doi.org/10.1161/JAHA.119.013801
http://doi.org/10.3390/jcm10215046
http://doi.org/10.1016/j.jvs.2020.03.035
http://doi.org/10.1016/j.jcin.2011.03.019
http://doi.org/10.1161/CIRCINTERVENTIONS.113.001030
http://www.ncbi.nlm.nih.gov/pubmed/25027520
http://doi.org/10.1016/j.carrev.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/31974033
http://doi.org/10.1016/j.amjcard.2012.06.042
http://www.ncbi.nlm.nih.gov/pubmed/22819428
http://doi.org/10.1016/j.jacc.2012.02.022
http://doi.org/10.1016/j.amjcard.2019.03.043
http://doi.org/10.1111/eci.13491
http://doi.org/10.1016/j.carrev.2018.09.001


J. Clin. Med. 2022, 11, 2104 10 of 11

28. Nardi, G.; De Backer, O.; Saia, F.; Søndergaard, L.; Ristalli, F.; Meucci, F.; Mattesini, A.; Demola, P.; Wang, X.; Al Jabri, A.; et al.
Peripheral intravascular lithotripsy of iliofemoral arteries to facilitate transfemoral TAVI: A multicentre prospective registry.
EuroIntervention 2022, 17, e1397–e1406. [CrossRef]

29. Di Mario, C.; Goodwin, M.; Ristalli, F.; Ravani, M.; Meucci, F.; Stolcova, M.; Sardella, G.; Salvi, N.; Bedogni, F.; Berti, S.;
et al. A Prospective Registry of Intravascular Lithotripsy-Enabled Vascular Access for Transfemoral Transcatheter Aortic Valve
Replacement. JACC Cardiovasc. Interv. 2019, 12, 502–504. [CrossRef]

30. Schneider, D.B.; Krajcer, Z.; Bonafede, M.; Thoma, E.; Hasegawa, J.; Bhounsule, P.; Thiel, E. Clinical and economic outcomes of
ProGlide compared with surgical repair of large bore arterial access. J. Comp. Eff. Res. 2019, 8, 1381–1392. [CrossRef]

31. Vierhout, B.P.; Pol, R.A.; El Moumni, M.; Zeebregts, C.J. Choice—Arteriotomy Closure Devices in EVAR, TEVAR, and TAVR: A
Systematic Review and Meta-analysis of Randomised Clinical Trials and Cohort Studies. Eur. J. Vasc. Endovasc. Surg. Off. J. Eur.
Soc. Vasc. Surg. 2017, 54, 104–115. [CrossRef] [PubMed]

32. Babaliaros, V.; Devireddy, C.; Lerakis, S.; Leonardi, R.; Iturra, S.A.; Mavromatis, K.; Leshnower, B.G.; Guyton, R.A.; Kanitkar, M.;
Keegan, P.; et al. Comparison of transfemoral transcatheter aortic valve replacement performed in the catheterization laboratory
(minimalist approach) versus hybrid operating room (standard approach): Outcomes and cost analysis. JACC Cardiovasc. Interv.
2014, 7, 898–904. [CrossRef] [PubMed]

33. Nakamura, M.; Chakravarty, T.; Jilaihawi, H.; Doctor, N.; Dohad, S.; Fontana, G.; Cheng, W.; Makkar, R.R. Complete percutaneous
approach for arterial access in transfemoral transcatheter aortic valve replacement: A comparison with surgical cut-down and
closure. Catheter. Cardiovasc. Interv. 2014, 84, 293–300. [CrossRef] [PubMed]

34. Rymer, J.A.; Xiang, Q.; Wang, A.; Cohen, D.J.; Desai, N.D.; Kirtane, A.J.; Hughes, G.C.; Harrison, J.K.; Kosinski, A.S.; Vemulapalli,
S. Factors Associated with and Outcomes of Aborted Procedures During Elective Transcatheter Aortic Valve Replacement. JACC
Cardiovasc. Interv. 2019, 12, 1768–1777. [CrossRef]

35. Van Kesteren, F.; van Mourik, M.S.; Vendrik, J.; Wiegerinck, E.M.; Henriques, J.P.; Koch, K.T.; de Winter, R.J.; Piek, J.J.; van
Lienden, K.P.; Reekers, J.A.; et al. Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter
Aortic Valve Implantation with the SAPIEN 3 Prosthesis. Am. J. Cardiol. 2018, 121, 1231–1238. [CrossRef]

36. Chen, I.M.; Lee, T.H.; Chen, P.L.; Shih, C.C.; Chang, H.H. Factors in ProGlide(R) Vascular Closure Failure in Sheath Arteriotomies
Greater than 16 French. Eur. J. Vasc. Endovasc. Surg. Off. J. Eur. Soc. Vasc. Surg. 2019, 58, 615–622. [CrossRef]

37. Lee, C.H.; Ko, Y.-G.; Park, Y.; Shim, C.Y.; Hong, G.-R.; Lee, S.H.; Lee, S.; Jung, H.W.; Hong, S.-J.; Ahn, C.-M.; et al. Risk Factors for
Closure Failure following Percutaneous Transfemoral Transcatheter Aortic Valve Implantation. Ann. Vasc. Surg. 2020, 66, 406–414.
[CrossRef]

38. Ruge, H.; Burri, M.; Erlebach, M.; Lange, R. Access site related vascular complications with third generation transcatheter heart
valve systems. Catheter. Cardiovasc. Interv. 2020, 97, 325–332. [CrossRef]

39. Al-Kassou, B.; Kandt, J.; Lohde, L.; Shamekhi, J.; Sedaghat, A.; Tabata, N.; Weber, M.; Sugiura, A.; Fimmers, R.; Werner, N.; et al.
Safety and Efficacy of Protamine Administration for Prevention of Bleeding Complications in Patients Undergoing TAVR. JACC
Cardiovasc. Interv. 2020, 13, 1471–1480. [CrossRef]

40. Sliman, H.; Shiran, A.; Mannheim, D.; Avraham, E.; Karmeli, R.; Khader, N.; Zafrir, B.; Rubinshtein, R.; Jaffe, R. Retrograde
Femoral Artery Stent-Graft Implantation for Treatment of Access-site Bleeding Following Transcatheter Aortic Valve Implantation.
Isr. Med. Assoc. J. IMAJ 2019, 5, 322–325.

41. Sanghvi, K.; Swarup, S.; Burns, P.; Kovach, R.; Ross, R.; Soussa, T. Prophylactic Retrograde Distal Common Femoral Access as a
Bail-out Strategy in Patients with Increased Risk for Femoral Access Complication During Transfemoral Aortic Valve Replacement.
Cardiovasc. Revasc. Med. 2019, 21, 481–485. [CrossRef] [PubMed]

42. Khubber, S.; Bazarbashi, N.; Mohananey, D.; Kadri, A.; Gad, M.M.; Kaur, M.; Sammour, Y.M.; Lyden, M.; Ahuja, K.R.; Verma,
B.; et al. Unilateral Access Is Safe and Facilitates Peripheral Bailout During Transfemoral-Approach Transcatheter Aortic Valve
Replacement. JACC Cardiovasc. Interv. 2019, 12, 2210–2220. [CrossRef] [PubMed]

43. Junquera, L.; Urena, M.; Latib, A.; Muñoz-Garcia, A.; Nombela-Franco, L.; Faurie, B.; Rodés-Cabau, J. Comparison of Transfemoral
Versus Transradial Secondary Access in Transcatheter Aortic Valve Replacement. Circ. Cardiovasc. Interv. 2020, 13, e008609.
[CrossRef] [PubMed]

44. Lefèvre, G.; Jégou, A.; Dambrin, G.; Picard, F.; Anconina, J.; Pouzet, B.; Guesnier, L.; Khelifa, R.C.; Hilpert, L.; Doan, H.L.;
et al. Comparison of TransFemoral Transcatheter Aortic Valve Replacement Performed with a Minimally Invasive Simplified
Technique: “FAST” Versus a Standard Approach. J. Invasive Cardiol. 2019, 31, 300–306.

45. Sliman, H.; Eitan, A.; Shiran, A.; Zafrir, B.; Jaffe, R. Transbrachial Secondary Vascular Access in Transcatheter Aortic Valve
Replacement Procedures: A Single-Center Retrospective Analysis. Heart Lung Circ. 2022; in press. [CrossRef]

46. Siracuse, J.J.; Gill, H.L.; Schneider, D.B.; Graham, A.R.; Connolly, P.H.; Jones, D.; Meltzer, A.J. Assessing the Perioperative Safety
of Common Femoral Endarterectomy in the Endovascular Era. Vasc. Endovasc. Surg. 2014, 48, 27–33. [CrossRef]

47. Mehta, M.; Zhou, Y.; Paty, P.S.; Teymouri, M.; Jafree, K.; Bakhtawar, H.; Hnath, J.; Feustel, P. Percutaneous common femoral artery
interventions using angioplasty, atherectomy, and stenting. J. Vasc. Surg. 2016, 64, 369–379. [CrossRef]

48. Stricker, H.; Spinedi, L.; Limoni, C.; Giovannacci, L. Stent-Assisted Angioplasty (SAA) at the Level of the Common Femoral
Artery Bifurcation: Long-Term Outcomes. Cardiovasc. Interv. Radiol. 2020, 43, 541–546. [CrossRef]

http://doi.org/10.4244/EIJ-D-21-00581
http://doi.org/10.1016/j.jcin.2019.01.211
http://doi.org/10.2217/cer-2019-0082
http://doi.org/10.1016/j.ejvs.2017.03.015
http://www.ncbi.nlm.nih.gov/pubmed/28438400
http://doi.org/10.1016/j.jcin.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25086843
http://doi.org/10.1002/ccd.25130
http://www.ncbi.nlm.nih.gov/pubmed/23873857
http://doi.org/10.1016/j.jcin.2019.05.017
http://doi.org/10.1016/j.amjcard.2018.01.050
http://doi.org/10.1016/j.ejvs.2019.03.037
http://doi.org/10.1016/j.avsg.2019.12.034
http://doi.org/10.1002/ccd.29095
http://doi.org/10.1016/j.jcin.2020.03.041
http://doi.org/10.1016/j.carrev.2019.07.014
http://www.ncbi.nlm.nih.gov/pubmed/31375463
http://doi.org/10.1016/j.jcin.2019.06.050
http://www.ncbi.nlm.nih.gov/pubmed/31699379
http://doi.org/10.1161/CIRCINTERVENTIONS.119.008609
http://www.ncbi.nlm.nih.gov/pubmed/32089002
http://doi.org/10.1016/j.hlc.2022.01.013
http://doi.org/10.1177/1538574413508827
http://doi.org/10.1016/j.jvs.2016.03.418
http://doi.org/10.1007/s00270-020-02413-9


J. Clin. Med. 2022, 11, 2104 11 of 11

49. Changal, K.H.; Syed, M.; Dar, T.; Mangi, M.A.; Sheikh, M.A. Systematic Review and Proportional Meta-Analysis of Endarterectomy
and Endovascular Therapy with Routine or Selective Stenting for Common Femoral Artery Atherosclerotic Disease. J. Interv.
Cardiol. 2019, 2019, 1593401. [CrossRef]

50. Wong, G.; Lahsaei, S.; Aoun, J.; Garcia, L.A. Management of common femoral artery occlusive disease: A review of endovascular
treatment strategies and outcomes. Catheter. Cardiovasc. Interv. Off. J. Soc. Cardiac Angiogr. Interv. 2019, 93, 514–521. [CrossRef]

51. Feldman, D.N.; Armstrong, E.J.; Aronow, H.D.; Gigliotti, O.S.; Jaff, M.R.; Klein, A.J.; Parikh, S.A.; Prasad, A.; Rosenfield, K.;
Shishehbor, M.H.; et al. SCAI consensus guidelines for device selection in femoral-popliteal arterial interventions. Catheter.
Cardiovasc. Interv. 2018, 92, 124–140. [CrossRef] [PubMed]

52. Baltacioglu, F.; Cimsit, N.C.; Cil, B.; Cekirge, S.; Ispir, S. Endovascular stent-graft applications in latrogenic vascular injuries.
Cardiovasc. Interv. Radiol. 2003, 26, 434–439. [CrossRef] [PubMed]

53. Segal, A.; Flugelman, M.Y.; Khader, N.; Rubinshtein, R.; Lavi, I.; Karmeli, R.; Jubran, A.; Shiran, A.; Jaffe, R. Outcome of Stent
Graft Implantation for Treatment of Access Site Bleeding After Transfemoral Transcatheter Aortic Valve Replacement. Am. J.
Cardiol. 2017, 120, 456–460. [CrossRef] [PubMed]

54. Sedaghat, A.; Neumann, N.; Schahab, N.; Sinning, J.-M.; Hammerstingl, C.; Pingel, S.; Schaefer, C.; Mellert, F.; Schiller, W.; Welz,
A.; et al. Routine Endovascular Treatment with a Stent Graft for Access-Site and Access-Related Vascular Injury in Transfemoral
Transcatheter Aortic Valve Implantation. Circ. Cardiovasc. Interv. 2016, 9, e003834. [CrossRef]

55. Sedaghat, A.; Hansen, K.L.; Schahab, N.; May, M.C.; Weber, M.; Stundl, A.; Shamekhi, J.; Schaefer, C.; Nickenig, G.; Sinning,
J.-M.; et al. Long-term follow-up after stent graft placement for access-site and access-related vascular injury during TAVI—The
Bonn-Copenhagen experience. Int. J. Cardiol. 2019, 281, 42–46. [CrossRef]

56. Steinvil, A.; Bernardo, N.; Rogers, T.; Koifman, E.; Buchanan, K.; Alraies, M.C.; Shults, C.; Torguson, R.; Okubagzi, P.G.; Pichard,
A.D.; et al. Use of an ePTFE-covered nitinol self-expanding stent graft for the treatment off pre-closure device failure during
transcatheter aortic valve replacement. Cardiovas. Revasc. Med. Incl. Mol. Interv. 2017, 18, 128–132. [CrossRef]

57. Dencker, D.; Taudorf, M.; Luk, N.V.; Nielsen, M.B.; Kofoed, K.; Schroeder, T.V.; Søndergaard, L.; (Lönn), L.L.; De Backer, O.
Frequency and Effect of Access-Related Vascular Injury and Subsequent Vascular Intervention After Transcatheter Aortic Valve
Replacement. Am. J. Cardiol. 2016, 118, 1244–1250. [CrossRef]

58. De Backer, O.; Arnous, S.; Sandholt, B.; Brooks, M.; Biasco, L.; Franzen, O.; Søndergaard, L. Safety and efficacy of using the
Viabahn endoprosthesis for percutaneous treatment of vascular access complications after transfemoral aortic valve implantation.
Am. J. Cardiol. 2015, 115, 1123–1129. [CrossRef]

59. Shammas, G.A.; Harris, T.; Voelliger, C.M.; Shammas, A.N.; Jerin, M.; Shammas, N.W. Safety and Effectiveness of Closure Devices
Applied to a Stented Common Femoral Artery: A Retrospective Analysis. Int. J. Angiol. 2016, 25, 165–167. [CrossRef]

60. Eitan, A.; Shiran, A.; Sliman, H.; Zafrir, B.; Jaffe, R. Totally Percutaneous Transfemoral Transcatheter Aortic Valve Replacement
Despite Failure to Deploy a Vascular Closure Device: A Single-Centre Case Series. Heart Lung Circ. 2022, 31, 390–394. [CrossRef]

http://doi.org/10.1155/2019/1593401
http://doi.org/10.1016/j.jvs.2019.01.028
http://doi.org/10.1002/ccd.27635
http://www.ncbi.nlm.nih.gov/pubmed/29691970
http://doi.org/10.1007/s00270-003-0038-5
http://www.ncbi.nlm.nih.gov/pubmed/14753300
http://doi.org/10.1016/j.amjcard.2017.04.050
http://www.ncbi.nlm.nih.gov/pubmed/28583682
http://doi.org/10.1161/CIRCINTERVENTIONS.116.003834
http://doi.org/10.1016/j.ijcard.2018.12.053
http://doi.org/10.1016/j.carrev.2016.10.006
http://doi.org/10.1016/j.amjcard.2016.07.045
http://doi.org/10.1016/j.amjcard.2015.01.547
http://doi.org/10.1055/s-0036-1572524
http://doi.org/10.1016/j.hlc.2021.09.005

	Introduction 
	Vascular Complications Following TAVR 
	Vascular Closure Device Failure 
	Percutaneous Management of Vascular Complications 
	Vascular Repair by Stent Graft Implantation 
	Technical Aspects of Stent Graft Implantation 
	Totally Percutaneous TAVR in Cases of Primary VCD Failure 
	Summary and Conclusions 
	References

