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Abstract


Background: Vascular access site complications (VASCs) after endovascular interventions requiring a large-bore access are frequent and known to be associated with increased morbidity and mortality. Although balloon-expandable covered stents (BECSs) are increasingly used in such indications, their performance in this rather hostile territory is currently unknown. We aimed to evaluate the safety and efficacy of BECSs in common femoral artery (CFA) VASCs management. Methods: This is a national multicenter retrospective study of all patients who underwent BECS implantation of the CFA due to a VASCs after an endovascular procedure between January 2020 and May 2023 in major tertiary referral centers in Hungary. Operative data were collected and follow-up ultrasound examinations were performed. Our study is registered on ClinicalTrials.gov (NCT05220540) and followed the STROBE guidelines. Results: Of the 23 patients enrolled (13 females, mean age: 74.2 ± 8.6), technical success was achieved in 21 (91.3%) cases, with one perioperative death. After an average follow-up of 18.0 ± 11.4 months, another nine (39.1%) deaths occurred, and one was VASCs-associated. BECS occlusion was detected in one (4.3%) patient, being the only reintervention (4.3%) where revascularization was also achieved. Conclusions: Although BECS implantation for CFA VASCs is feasible with a relatively high technical success rate, the mortality rate is non-negligible. Until adequately evaluated, BECS implantation in such indications is to be used with caution, ideally only within the framework of a trial.
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1. Introduction


Endovascular interventions requiring a large-bore puncture are predominantly performed using the common femoral artery (CFA) for access [1]. Proper closing of the access site at the end of the procedure is crucial. Vascular closure devices (VCDs) are used to seal the puncture site in the artery, and their efficacy has been demonstrated over manual compression [2]. In recent years, due to the reduction in the diameter of the delivery systems and the increase in the operator experience, the number of vascular access site complications (VASCs) has been reduced [3]. Nevertheless, complications related to femoral access are among the most frequent adverse events in interventional laboratories with a reported incidence up to 20% following both transcatheter aortic valve repair (TAVR) and endovascular aortic repair (EVAR) [4,5]. The most common VASCs of femoral access are bleeding, stenosis and occlusion due to the vessel injury, incomplete closure or dissection of the vessel wall [6]. Despite the fact that VASCs are associated with increased morbidity and mortality, their treatment is not standardized. Therefore, the management of the vascular injury mostly depends on the operator’s experience and preference as well as on the severity of the complication or the availability of local resources. Treatment options are open surgical repair and several endovascular techniques including prolonged balloon dilatation and stenting with covered or uncovered self-expandable and balloon-expandable stents. Balloon-expandable covered stent (BECS) implantation is increasingly used despite the fact that the use of balloon-expandable stents is traditionally to be avoided in flexible vessel segments such as the CFA due to concerns about stent kinking, fracture and consequential arterial occlusion [7,8,9]. Nevertheless, covered stent implantation shows promising results [6,10], but long-term data on efficacy and safety are limited [7].



The aim of this multicenter retrospective study is to evaluate the efficacy and safety of balloon-expandable covered stent implantation for CFA vascular access-related complications associated with a large-bore puncture.




2. Materials and Methods


2.1. Study Population


This was a nationwide multicenter study carried out to evaluate the outcome of BECS placement for the management of CFA VASCs after a large-bore transfemoral access. All patients who underwent BECS implantation due to a CFA VASC in the participating major tertiary cardiovascular centers between January 2020 and May 2023 were enrolled. The exclusion criteria included coverage of the deep femoral artery with a BECS as well as the use of a bare-metal stent for relining. The study is registered on ClinicalTrials.gov (NCT05220540). The study was conducted in accordance with the Declaration of Helsinki and approved by the Semmelweis University Regional and Institutional Committee of Science and Research Ethics (213/2021). Demographic data, cardiovascular risk factors, anatomical, procedural and postoperative data were collected retrospectively.




2.2. BECS Implantation and Patient Follow-Up


The primary procedures were carried out using a percutaneous approach under local anesthesia. The femoral access site was carefully selected based on a comprehensive evaluation of key anatomical factors, including the level of femoral bifurcation, the tortuosity of the iliofemoral axis, the volume and distribution of femoral vascular calcifications and any previous vascular reconstructions in the groin or aortoiliac region. A retrograde puncture of the common femoral artery and access-site closure was achieved using Manta (Teleflex Inc., Wayne, PA, USA), AngioSeal (Terumo Medical Corporation, Somerset, NJ, USA) or ProGlide (Abbott Vascular, Abbott Park, IL, USA) vascular closure devices.



After closing the large-bore access, a terminal angiography was performed from the other access, which was used for diagnostic purposes during the primary procedure. If signs of acute, persistent bleeding or complicated dissection were observed, BECS implantation was performed (BeGraft; Bentley InnoMed GmbH, Hechingen, Germany) through the previously mentioned sheath (either from the contralateral groin or from radial access). Depending on the institutional infrastructure, these vascular access site complications were managed by either interventional radiologists or vascular surgeons. When necessary, additional stent implantation was performed. A complete angiography of the access site was routinely conducted using two projections.



If the complication was identified in the postoperative unit, and due to patient fragility, lack of vascular surgical support or the operator’s professional judgment, BECS implantation was deemed the most appropriate treatment, and the procedure was performed following ultrasound-guided puncture.



The clinical status of all patients was evaluated at the hospital, followed by angiological follow-up at 6 or 12 months and yearly thereafter, depending on the hospital protocol. Clinical data from those patients who were not able to visit one of the clinics outpatient departments were collected through telephone interview, focusing on newly onset claudication and the incidence of other adverse events (myocardial infarction, stroke, respiratory failure, renal failure, death). Every follow-up visit included a clinical examination, where the patients’ clinical symptoms were assessed (rest pain, walking distance, ulceration) and a duplex ultrasound examination was performed. The latter was used to evaluate the patency of the covered stent and to identify cases with significant restenosis (peak systolic velocity ratio—PSVR > 2.5) [11].




2.3. Data Analysis and Clinical Endpoints


The primary outcome was clinical success, defined as lack of restenosis, freedom from target lesion reintervention or amputation and freedom from newly onset claudication or VASC-related mortality at two years. The secondary outcomes were overall mortality, renal failure, myocardial infarction, stroke, respiratory failure and technical success. Technical success was defined as successful restoration of blood flow after BECS implantation without significant extravasation, with no complications needing surgical conversion or reintervention within 30 days. We analyzed the severity of VASC using the vascular and access-related complications criteria of the Valve Academic Research Consortium 3 (VARC-3) [12]. Early and midterm outcomes were measured up to and from 30 days after the surgery. CFA calcification was evaluated on pre-operative CTA scans or on follow-up ultrasound scans if CTA was not available.




2.4. Statistical Analysis


Continuous and quantitative variables are presented as mean value ± standard deviation (SD) and median [interquartile range]. Categorical data are presented as number and percentage. Kaplan–Meier survival estimates were calculated to assess long-term outcomes (survival and patency). Statistical analyses and graphical illustration were performed with StataCorp LLC Stata (College Station, TX, USA, version 18).





3. Results


Between January 2020 and May 2023, 23 patients (74.2 ± 8.6 years, 13 females) with VASCs received an endovascular treatment with BECS. The American Society of Anesthesiologists (ASA) score indicates that the patient population was relatively high-risk (ASA 3–4: 15 (65.2)). Symptomatic peripheral artery disease occurred in eight (34.8%) patients. The detailed baseline patient and anatomical characteristics are reported in Table 1.



In 14 (60.9%) patients, the primary intervention was TAVR. VCDs were used in a total of 20 (83.3%) procedures. In terms of VASCs, bleeding accounted for the majority of complications following BECS implantation (66.7%). According to the VARC-3 vascular and access-related complications’ criteria, a major complication was found in three-quarters of cases (n =17) and minor complications in the others. Transfusion was given to 14 (58.3%) patients, with a median of 2 [0–2] units per patient. Regardless of the center, a Begraft Peripheral covered stent was implanted in all of the cases. Nineteen patients (79.2%) received one BECS. In five (20.8%) patients, more than one covered stent was needed to provide adequate coverage, primarily due to incomplete resolution of the bleeding or the extension of the dissection. Overdilatation of the covered stents was performed in 12 (52.2%) patients. The detailed procedural data are shown in Table 2. More details of outcome parameters are provided in Table 3.



Technical success was achieved in 21 (91.3%) patients. Two patients died within 30 days of discharge: one was a BECS thrombosis after two weeks, and the other was the only in-hospital death that was associated with a recurrent bleeding from the femoral access site on the first postoperative day. The mean follow-up time was 18.0 ± 11.4 months. Of the twenty-three patients included, nine (37.5%) died during the follow-up period. Two patients died within 30 days of the discharge from the hospital, one of them being VASC-related. The sole in-hospital death, as previously noted, occurred in a highly fragile patient on the first postoperative day due to recurrent bleeding from the CFA. This hemostatic instability combined with partial success of the TAVR, led to a lethal collapse. Seven (30.4%) additional deaths were recorded at midterm, none being VASC-related. The estimated freedom from all-cause mortality was 85.4%, 77.2% and 65.7% at 1, 12 and 24 months, respectively. VASC-related survival was 96.4% (Figure 1). Stroke was detected in one patient (4.2%), and respiratory failure and myocardial infarct were both detected in 2 (8.3%) patients during the follow-up period.



Duplex ultrasound follow-up detected a stent fracture in two patients (8.3%) without significant restenosis. One (4.3%) covered stent occlusion was recorded, which occurred within two weeks. The freedom from stent graft occlusion in the CFA was 95.7% at 1, 12 and 24 months according to the Kaplan–Meier estimates. Newly onset mild claudication was reported by one patient (4.2%) after two and a half years, and intervention was not required. The clinical success rate was assessed and found to be 90.5% in the entire study period, as two adverse events happened in the first two weeks (VASC-related death and BECS occlusion) (Figure 2).



In the study population, only one patient had to undergo a reintervention, who had a covered stent occlusion, which was treated by open surgery. According to the Kaplan–Meier estimates, the freedom from target limb revascularization was 95.7% after one and two years as well.




4. Discussion


Femoral VASC is a major risk associated with endovascular procedures with large-bore devices [13,14,15]. Elective open surgeries have an almost 100% success rate. However, in acute cases, the 30-day mortality rate can be as high as 14%, highlighting the non-negligible risk associated with urgent procedures [16]. Our study included 23 patients and evaluated the outcomes of using a BECS as an emerging endovascular armamentarium technique to treat VASCs of the CFA in order to avoid open surgical exposure of the groin that carries an inherent risk of additional mortality and morbidity [16]. Technical success was achieved in 21 (91.3%) patients. One in-hospital death was registered due to recurrent bleeding from the femoral access site. Two deaths occurred within 30 days post-discharge, one being VASC-related, and seven additional deaths occurred at midterm, none being VASC-related. The estimated freedom from all-cause mortality were 91.1%, 77.4% and 62.2% at 1, 12 and 24 months, respectively. The clinical success rate was found to be 90.5% in the entire study period.



Endovascular treatment strategies, such as BECS implantation into the damaged vessel have advantages over surgical techniques, such as local anesthesia, reduced the surgical burden, reduced mobilization time and shortened the length of in-hospital stays [3]. The technical success rate is also comparable to the success rate of surgical procedures (91.3% in our study). Seidler et al. and Stortecky et al. also reported a technical success rate of 91–93% in similar sized patient cohorts [6,17]. The favorable covered stent patency rates in the literature also show the efficiency of these percutaneous interventions; however, those complications were treated by self-expandable covered stent implantation. Our CFA occlusion rate was 4.3%, which is comparable to other studies: Sedaghat et al. and Calligaro et al. both reported occlusion rates ranging from 5.6 to 6.2% [7,8]. The stent fractures identified were not associated with restenosis, which is a finding in line with several studies from Dósa et al. [18,19,20].



The majority of the patients in our study were female, in contrast to the male dominance expected in an atherosclerotic patient population. Other similar studies showed the same tendency [3,5,7,10]. This is most likely associated with the fact that females are more prone to have a tortuous vasculature and the vessel diameters are generally smaller compared to those in males, which makes vascular complications more common [21,22].



The registered access site complications were classified according to the VARC-3 criteria. In our study population the incidence of major complications was 73.9%, which is higher than previously published data. In studies with a similar number of patients, Seidler et al. reported a major complication rate of 56.8% and Heger et al. a 50% rate [5,6]. In a study by Sedaghat et al., including 71 patients, a more modest major complication rate was found (28.2%) [7].



Covered stent implantation at the level of the CFA is conventionally contraindicated, because in the inguinal region the arteries are under constant bending, torsion and external compression that could potentially lead to covered stent kinking, fracture or occlusion. On the other hand, for most of the endovascular interventions, especially TAVR, the patient population is elderly and fragile, therefore bending forces are considered to be a smaller issue compared to a more active population [3,10].



Percutaneous management of VASC may be considered not only as a bailout procedure, but it requires a multidisciplinary team decision and close follow-up. It is crucial to underline that high-risk and frail patients were evaluated in this study; thus, a more liberal application of BECSs requires further investigation in view of the non-negligible mortality and complication rates.



In addition to a safer endovascular treatment of VASCs, prevention is also crucial. As part of the preoperative planning, a proper physical examination, a duplex ultrasound and also a CT scan of the iliac and femoral vessels are sufficient to detect PAD (peripheral arterial disease). CFA calcification at the puncture site detected during a CT scan increases the incidence of vascular complications and also an undiscovered PAD could complicate the outcomes of the intervention [3,23,24,25]. Sinning et al. found that PAD is a predictor of mortality and also a risk factor for VASCs [26]. In our patient population, both the CFA calcification and PAD frequency was high, at 52.4% and 34.8%, respectively. This may have been a major factor in the development of complications in our patients. Ultrasound-guided puncture is also important in the prevention of VASCs [27,28].



In comparing our results with those of Benic et al. [29], who had a 100% patency rate at 6 months and the same as ours (~95%) at one year, they observed zero VASC-related mortality, and found zero stent fractures. It seems that their focus only on TAVR may have enabled them to analyze a more favorable patient population than our cohort, which included patients with diffuse vascular disease, like peripheral interventions on athero-thrombotic vessels or repairs to the ectatic vasculature. They also concluded that their small cohort study is insufficient and underscored the need for future randomized trials on this topic. However, their promising results speak for themselves and reinforce the emerging practice of using BECSs to treat VASCs.



Study Limitations


The current study has several limitations that deserve to be mentioned. It summarizes the experience of three cardiovascular centers with only a limited number of patients undergoing percutaneous treatment of vascular complications following not only TAVR, but other endovascular interventions. Since the first covered stent implantation was only performed in these institutions started in 2020, the majority of the patients had a short follow-up. No additional angiographic imaging (CTA or invasive angiography) was performed in addition to the follow-up duplex ultrasound examinations. This may have resulted in BECS stenoses or fractures not being detected in asymptomatic patients. Therefore, the actual stent fracture rates could be higher than those registered in our study.





5. Conclusions


In this retrospective study, although balloon-expandable covered stent implantation for complications at the CFA vascular access site has demonstrated feasibility and a high technical success rate, the associated mortality rate remains a significant concern as our short- and midterm results show. This procedure, while promising, carries risks that cannot be overlooked. Therefore, it is imperative that BECS implantation in these scenarios be approached with caution. It should ideally be performed within the context of a clinical trial to ensure thorough evaluation and monitoring. Until more comprehensive data are available, healthcare providers should weigh the benefits against the potential risks carefully, adhering strictly to protocols that prioritize patient safety and informed consent. This cautious approach will help mitigate potential adverse outcomes and contribute to a more robust understanding of the procedure’s long-term efficacy and safety profile.







Author Contributions


Conceptualization, A.S. (András Szentiványi), A.S. (András Süvegh), L.M. and C.C.-N.; methodology, A.S. (András Szentiványi), T.S., Z.R., G.F. and R.P.; software, A.S.; validation, C.I.S., Á.B. and C.C.-N.; formal analysis, A.S. (András Szentiványi), Á.B., S.B. and C.C.-N.; investigation, A.S. (András Süvegh) and S.B.; resources, Z.R., G.F. and C.C.-N.; data curation, A.S. (András Süvegh), Á.B., T.S. and L.M.; writing—original draft preparation, A.S. (András Szentiványi), A.S. (András Süvegh) and S.B.; writing—review and editing, C.C.-N.; visualization, A.S. (András Szentiványi), Á.B., C.I.S. and C.C.-N.; supervision, S.B. and C.C.-N.; project administration, A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This article was funded by the European Union EFOP-3.6.3-VEKOP-16-2017-00009 project.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Semmelweis University Regional and Institutional Committee of Science and Research Ethics (213/2021, approval date 10 November 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data is available from the corresponding author upon request.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Cheney, A.E.; McCabe, J.M. Alternative Percutaneous Access for Large Bore Devices. Circ. Cardiovasc. Interv. 2019, 12, e007707. [Google Scholar] [CrossRef]

	



Cox, T.; Blair, L.; Huntington, C.; Lincourt, A.; Sing, R.; Heniford, B.T. Systematic Review of Randomized Controlled Trials Comparing Manual Compression to Vascular Closure Devices for Diagnostic and Therapeutic Arterial Procedures. Surg. Technol. Int. 2015, 27, 32–44. [Google Scholar]

	



Perrin, N.; Ellenberger, C.; Licker, M.; Hachulla, A.-L.; Cikirikcioglu, M.; Frei, A.; Roffi, M.; Noble, S. Management of vascular complications following transcatheter aortic valve implantation. Arch. Cardiovasc. Dis. 2015, 108, 491–501. [Google Scholar] [CrossRef]

	



Barbash, I.M.; Barbanti, M.; Webb, J.; De Nicolas, J.M.-M.; Abramowitz, Y.; Latib, A.; Nguyen, C.; Deuschl, F.; Segev, A.; Sideris, K.; et al. Comparison of vascular closure devices for access site closure after transfemoral aortic valve implantation. Eur. Heart J. 2015, 36, 3370–3379. [Google Scholar] [CrossRef]

	



Heger, T.; Strauß, S.; Blessing, E.; Andrassy, M.; Erbel, C.; Müller, O.J.; Chorianopoulos, E.; Pleger, S.; Leuschner, F.; Korosoglou, G.; et al. Short and long-term results after endovascular management of vascular complications during transfemoral aortic valve implantation. Acta Cardiol. 2017, 72, 474–482. [Google Scholar] [CrossRef]

	



Seidler, T.; Hünlich, M.; Puls, M.; Hasenfuß, G.; Jacobshagen, C. Feasibility and outcomes of interventional treatment for vascular access site complications following transfemoral aortic valve implantation. Clin. Res. Cardiol. 2017, 106, 183–191. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



Calligaro, K.D.; Balraj, P.; Moudgill, N.; Rao, A.; Dougherty, M.J.; Eisenberg, J. Results of polytetrafluoroethylene-covered nitinol stents crossing the inguinal ligament. J. Vasc. Surg. 2013, 57, 421–426. [Google Scholar] [CrossRef]

	



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. Cardiovasc. Revasc. Med. 2017, 18, 128–132. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



Legemate, D.A.; Teeuwen, C.; Hoeneveld, H.; Ackerstaff, R.; Eikelboom, B. Spectral analysis criteria in duplex scanning of aortoiliac and femoropopliteal arterial disease. Ultrasound Med. Biol. 1991, 17, 769–776. [Google Scholar] [CrossRef]

	



Généreux, P.; Piazza, N.; Alu, M.C.; Nazif, T.; Hahn, R.T.; Pibarot, P.; Bax, J.J.; Leipsic, J.A.; Blanke, P.; Blackstone, E.H.; et al. Valve Academic Research Consortium 3: Updated Endpoint Definitions for Aortic Valve Clinical Research. J. Am. Coll. Cardiol. 2021, 77, 2717–2746. [Google Scholar] [CrossRef]

	



Baron, S.J.; Arnold, S.V.; Wang, K.; Magnuson, E.A.; Chinnakondepali, K.; Makkar, R.; Herrmann, H.C.; Kodali, S.; Thourani, V.H.; Kapadia, S.; et al. Health Status Benefits of Transcatheter vs Surgical Aortic Valve Replacement in Patients With Severe ortic Stenosis at Intermediate Surgical Risk: Results From the PARTNER 2 Randomized Clinical Trial. JAMA Cardiol. 2017, 2, 837–845. [Google Scholar] [CrossRef]

	



Chieffo, A.; Petronio, A.S.; Mehilli, J.; Chandrasekhar, J.; Sartori, S.; Lefèvre, T.; Presbitero, P.; Capranzano, P.; Tchetche, D.; Iadanza, A.; et al. Acute and 30-Day Outcomes in Women After TAVR: Results from the WIN-TAVI (Women’s INternational Transcatheter Aortic Valve Implantation) Real-World Registry. JACC Cardiovasc. Interv. 2016, 9, 1589–1600. [Google Scholar] [CrossRef]

	



Généreux, P.; Webb, J.G.; Svensson, L.G.; Kodali, S.K.; Satler, L.F.; Fearon, W.F.; Davidson, C.J.; Eisenhauer, A.C.; Makkar, R.R.; Bergman, G.W.; et al. Vascular complications after transcatheter aortic valve replacement: Insights from the PARTNER (Placement of AoRTic TraNscathetER Valve) trial. J. Am. Coll. Cardiol. 2012, 60, 1043–1052. [Google Scholar] [CrossRef]

	



Anderson, J.; King, R.; Brothers, T.; Robison, J.; Veeraswamy, R.; Wooster, M.; Mukherjee, R.; Ruddy, J.M. Discharge to a Post-Acute Care Facility after Emergent Femoral Artery Repair is Not Protective Against Wound Complications. Ann. Vasc. Surg. 2020, 66, 400–405. [Google Scholar] [CrossRef]

	



Stortecky, S.; Wenaweser, P.; Diehm, N.; Pilgrim, T.; Huber, C.; Rosskopf, A.B.; Khattab, A.A.; Buellesfeld, L.; Gloekler, S.; Eberle, B.; et al. Percutaneous management of vascular complications in patients undergoing transcatheter aortic valve implantation. JACC Cardiovasc. Interv. 2012, 5, 515–524. [Google Scholar] [CrossRef]

	



Dósa, E.; Nemes, B.; Bérczi, V.; Novák, P.K.; Paukovits, T.M.; Sarkadi, H.; Hüttl, K. High frequency of brachiocephalic trunk stent fractures does not impair clinical outcome. J. Vasc. Surg. 2013, 59, 781–785. [Google Scholar] [CrossRef]

	



Vértes, M.; Nguyen, D.T.; Székely, G.; Bérczi, Á.; Dósa, E. Middle and Distal Common Carotid Artery Stenting: Long-Term Patency Rates and Risk Factors for In-Stent Restenosis. Cardiovasc. Interv. Radiol. 2020, 43, 1134–1142. [Google Scholar] [CrossRef]

	



Vértes, M.; Nguyen, D.T.; Székely, G.; Bérczi, Á.; Dósa, E. The incidence and risk factors of stent fracture in patients treated for proximal common carotid artery stenosis. J. Vasc. Surg. 2019, 71, 824–831.e1. [Google Scholar] [CrossRef]

	



Dencker, D.; Taudorf, M.; Luk, N.V.; Nielsen, M.B.; Kofoed, K.F.; Schroeder, T.V.; Søndergaard, L.; Lönn, 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. [Google Scholar] [CrossRef] [PubMed]

	



Van Mieghem, N.M.; Tchetche, D.; Chieffo, A.; Dumonteil, N.; Messika-Zeitoun, D.; van der Boon, R.M.A.; 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. [Google Scholar] [CrossRef] [PubMed]

	



Barbier, C.E.; Lundin, E.; Melki, V.; James, S.; Nyman, R. Percutaneous Closure in Transfemoral Aortic Valve Implantation: A Single-Centre Experience. Cardiovasc. Interv. Radiol. 2015, 38, 1438–1443. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Sherwood, M.W.; Xiang, K.; Matsouaka, R.; Li, Z.; Vemulapalli, S.; Vora, A.N.; Fanaroff, A.; Harrison, 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. [Google Scholar]

	



Sinning, J.M.; Horack, M.; Grube, E.; Gerckens, U.; Erbel, R.; Eggebrecht, H.; Zahn, R.; Linke, A.; Sievert, H.; Figulla, H.R.; et al. The impact of peripheral arterial disease on early outcome after transcatheter aortic valve implantation: Results from the German Transcatheter Aortic Valve Interventions Registry. Am. Heart J. 2012, 164, 102–110.e1. [Google Scholar] [CrossRef]

	



Rashid, M.K.; Sahami, N.; Singh, K.; Winter, J.; Sheth, T.; Jolly, S.S. Ultrasound Guidance in Femoral Artery Catheterization: A Systematic Review and a Meta-Analysis of Randomized Controlled Trials. J. Invasive Cardiol. 2019, 31, E192–E198. [Google Scholar]

	



Sobolev, M.; Slovut, D.P.; Chang, A.L.; Shiloh, A.L.; Eisen, L.A. Ultrasound-Guided Catheterization of the Femoral Artery: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Invasive Cardiol. 2015, 27, 318–323. [Google Scholar] [CrossRef]

	



Benic, C.; Stavroulakis, K.; Carret, M.; Pluchon, K.; Didier, R.; Nasr, B. Outcomes of Using Balloon-Expandable Covered Stent for Percutaneous Treatment of Access-Site Vascular Injury after Transfemoral Aortic Valve Implantation: A Single Center Experience. Ann. Vasc. Surg. 2023, 98, 228–234. [Google Scholar] [CrossRef]








[image: Jcm 13 06550 g001] 





Figure 1. Kaplan-Meier estimates of VASC-related and all-cause survival. 
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Figure 2. Clinical success of covered stent implant after vascular access-related complication. 
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Table 1. Baseline demographical and anatomical characteristics.
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Variable

	
n (%) or Mean ± SD






	
Demographics

	
Male gender

	
10 (43.5)




	
Mean age, years

	
74.2 ± 8.6




	
BMI, kg/m2

	
29.5 ± 6.1




	
Cardiovascular risk factors

	
Current smoking

	
7 (30.4)




	
Hypertension

	
21 (91.3)




	
Hypercholesterolemia

	
15 (65.2)




	
Diabetes mellitus

	
9 (39.1)




	
Coronary artery disease

	
17 (73.9)




	
Symptomatic PAD

	
8 (34.8)




	
COPD

	
9 (39.1)




	
CKD III-V

	
10 (43.5)




	
Cerebrovascular history

	
3 (13.0)




	
ASA score 3–4

	
15 (65.2)




	
Malignancy

	
3 (13.0)




	
Anatomical characteristics

	
CFA diameter, mm

	
7.7 ± 1.1




	
Calcification on CFA

	
12 (54.3)








Abbreviations: n = number; SD = standard deviation; BMI = body mass index; PAD = peripheral artery disease; COPD = chronic obstructive pulmonary disease; CKD = chronic kidney disease; ASA = American Society of Anesthesiologists; CFA = common femoral artery.













 





Table 2. Baseline procedural characteristic.






Table 2. Baseline procedural characteristic.





	

	
Variable

	
n (%) or Mean ± SD or Median [IQR]






	
Primary procedure

	
TAVR

	
14 (60.9)




	
EVAR

	
2 (8.7)




	
Peripheral intervention

	
7 (30.4)




	
Vascular closure device

	
Proglide

	
12 (60.0)




	
Angioseal

	
7 (35.0)




	
Manta

	
1 (5.0)




	
Cause of BECS implantation

	
Bleeding

	
16 (69.6)




	
Pseudoaneurysm

	
5 (21.7)




	
Dissection

	
2 (8.7)




	
BECS’s details

	
Stent length, mm

	
37 [27–47]




	
Stent diameter, mm

	
8 [7–8]




	
More than one stent

	
5 (21.7)




	
Overdilatation, %

	
10.5 ± 9.0




	
BECS’s location

	
Left CFA

	
9 (20.8)




	
Right CFA

	
19 (79.2)








Abbreviations: SD = standard deviation, IQR = interquartile range; TAVR = transcatheter aortic valve repair; EVAR = endovascular aortic repair; BECS = balloon-expandable covered stent; CFA = common femoral artery.













 





Table 3. Outcome parameters.
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Variable

	
n (%) or Mean ± SD or Median [IQR]






	
Early outcome at 30 days

	

	




	
    VARC-3 vascular and access-related complications

	
Minor

	
6 (26.1)




	
Major

	
17 (73.9)




	
    Technical success rate

	
21 (91.3)

	




	
    Transfusion, unit

	
2 [0–2]

	




	
    ICU stay, days

	
2.0 ± 1.2

	




	
    Hospital stay, days

	

	
9.4 ± 7.0




	
    Renal failure

	

	
0 (0)




	
    Myocardial infarction

	

	
2 (8.7)




	
    Stroke

	

	
1 (4.2)




	
    Respiratory failure

	

	
2 (8.7)




	
    Overall mortality

	

	
2 (8.9)




	
    VASC related mortality

	

	
1 (4.2)




	
    Clinical success

	

	
21 (90.5)




	
Midterm outcome

	

	




	
    Follow-up time, months

	

	
18.0 ± 11.4




	
    Stent fracture

	

	
2 (8.7)




	
    Restenosis

	

	
0 (0)




	
    Amputation

	

	
0 (0)




	
    Newly onset claudication

	

	
1 (4.2)




	
    VASC-related mortality

	

	
2 (8.9)




	
    Overall mortality

	

	
9 (37.5)








Abbreviations: VARC-3 = valve academic research consortium-3; ICU = intensive care unit; VASC = vascular access site complication.
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