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Transcatheter aortic valve implantation (TAVI) is currently an established therapy for elderly patients with symptomatic severe aortic valve stenosis across all surgical risk categories. Access is an important aspect when planning for and performing TAVI. The superiority of a transfemoral (TF) approach compared to a transthoracic (transapical, direct aortic) approach has been demonstrated in several studies. Recently, the introduction of intravascular lithotripsy (IVL) has made it possible to treat patients with calcified iliofemoral disease by TF approach. This article aimed to provide a comprehensive overview on the following aspects: (1) preprocedural planning for IVL-assisted TF-TAVI; (2) procedural aspects in IVL-assisted TF-TAVI; (3) outcomes of IVL-assisted TF-TAVI in an experienced TAVI center; and (4) literature review and discussion of this new emerging approach.
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is currently an established therapy for elderly patients with symptomatic severe aortic valve stenosis (AS) across all surgical risk categories (1, 2). Access is an important aspect when planning for and performing TAVI. The superiority of a transfemoral (TF) approach as compared to a transapical or direct aortic approach has been demonstrated in a meta-analysis of randomized controlled trials comparing TAVI and surgical aortic valve replacement (SAVR) (3). TF access should be the first choice for TAVI whenever the patient's anatomy allows this approach.

Iliofemoral arterial disease is not uncommon in TAVI candidates with advanced age and multiple medical co-morbidities. Improved insertion profile and flexibility of TAVI delivery systems has allowed to increase the percentage of TAVI procedures performed by TF approach.

If standard TF access is deemed unsuitable after meticulous computed tomography (CT) angiography analysis, second line alternative accesses including transaxillary, transsubclavian, transcarotid, transcaval and transapical approaches can be considered (Figure 1).
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FIGURE 1. Fully percutaneous TAVI program. A fully percutaneous TAVI program is safe and feasible using different access routes: routine transfemoral, IVL-assisted transfemoral, percutaneous transaxillary and transcaval approaches. IVL, intravascular lithotripsy; TAVI, transcatheter aortic valve implantation.


Recently, intravascular lithotripsy (IVL) technology–using circumferential pulse sonic pressure waves to modify both vessel intimal and medial calcifications–has emerged as a potential treatment option for calcified, stenotic iliofemoral artery disease (4). By controlled fracturing of the arterial calcifications by means of acoustic waves, the vascular compliance is modified and percutaneous transluminal angioplasty (PTA) and/or passage with a TAVI delivery system can be performed in a safe and efficient manner. Peripheral IVL has been previously studied as a stand-alone treatment demonstrating excellent safety and efficacy (5) along with registry data on its use in TAVI patients with calcified iliofemoral disease (6). Consequently, IVL therapy can potentially expand the patient cohort eligible for TF-TAVI and minimize the patient cohort requiring alternative non-TF access.

This article aimed to provide a comprehensive overview on the following aspects: (1) preprocedural planning for IVL-assisted TF-TAVI; (2) procedural aspects in IVL-assisted TF-TAVI; (3) outcomes of IVL-assisted TF-TAVI in an experienced TAVI center; and (4) literature review and discussion of this new emerging approach.



PREPROCEDURAL PLANNING FOR IVL-ASSISTED TF-TAVI

A thorough CT analysis is essential in the planning of IVL-assisted TF-TAVI. Due to its ability to accurately assess vessel architecture, a contrast CT angiogram provides greater predictive value for vascular complications when compared to traditional invasive angiography. Both iliofemoral arteries should be routinely analyzed from the infrarenal abdominal aorta to the femoral bifurcation. By using semi-automatic post-processing software, centerline placement and curved multiplanar reformats can be obtained. Manual verification of the centerline should always be performed to ensure accurate arterial tracking and appropriate intra-luminal location of the centerline (7). Attention should be paid to the risk for calcium blooming artifacts and appropriate windowing should be used to correct for this. It should also be ensured that all measurements are performed perpendicular to the long axis of the vessel.

The following measurements should be routinely made and reported: the minimal luminal diameter (MLD), the maximal luminal diameter, the mean lumen diameter (maximal luminal diameter + minimal luminal diameter/2) (Figure 2A), the vessel area at the site of the most critical stenosis, and the degree of vessel tortuosity (8).
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FIGURE 2. Preprocedural CT analysis. Preprocedural computed tomography (CT) angiography analysis of the iliofemoral access. Standard assessments include: (A) Maximal and minimal diameter measured at the minimal luminal diameter (MLD) of the vessel. (B,C) Circumference of calcification: 360° or horseshoe-like (270°) calcification. (D) Total length of the vessel calcification(s). Copenhagen recommendations on feasibility of IVL-assisted TF-TAVI based on CT angiography analysis. IVL, intravascular lithotripsy; TAVI, transcatheter aortic valve implantation; TF, transfemoral.


Calcifications along the vessel course are of particular significance. Arc (°) and morphology of the calcifications should be assessed; whether these are arranged in a circumferential (360°) or horseshoe-like (270°) pattern (Figures 2B,C), especially when borderline luminal diameters are present. Such calcifications will limit arterial expansion to accommodate large-bore introducer sheaths or TAVI delivery systems, potentially increasing the risk of dissection or perforation. Circumferential calcifications may not be appreciated at single-plane invasive angiography, underlining the added value of a contrast CT angiogram. Also, the length of the calcified segment(s) should be assessed (Figure 2D).

There is currently no consensus to indicate which candidates are deemed eligible for IVL-assisted TF-TAVI. The CT-based criteria as reported in Figure 2 have been utilized in our center as a reference to indicate whether IVL-assisted TF-TAVI is feasible, or not. These should be considered general recommendations–these need to be adapted to the clinical setting and available materials and expertise in each center. In general, the more diffuse in length and more circumferential in perimeter the calcifications are, the higher the threshold of MLD will be to be acceptable for IVL-assisted TF-TAVI, and vice versa.

An alternative, non-TF access should be considered if IVL-assisted TF-TAVI is deemed not feasible after Heart Team discussion. Therefore, assessment of alternative accesses should be routinely performed in TAVI candidates with significant calcified iliofemoral artery disease. Axillary and/or carotid arteries can be analysed using the same techniques and parameters as mentioned above. For axillary access, a left-sided approach is typically preferred in view of the aortic angulation. Also, the presence of an implantable electronic devices (pacemaker, defibrillator) in the left upper chest and/or a history of left internal mammary artery grafting should be noted.

If a transcaval approach is considered, the presence and size of a calcium-free window of the infrarenal aortic wall adjacent to the inferior vena cava should be assessed (9). The target entry site's distance below the renal arteries and above the aorto-iliac bifurcation and the level relative to the lumbar vertebrae should be measured. Any interposed structures (e.g., bowel) should also be noticed.

When planning for IVL-assisted TF-TAVI, extra attention should be paid to the anticipated puncture site at the common femoral artery (CFA). At CT analysis, a calcium-free window at the anterior wall of the CFA should be identified, such that an ideal arterial puncture and subsequent successful vascular closure can be secured. It is also recommended to make note of the anticipated location of the puncture site and its relation to the femoral bifurcation and the femur head. Additionally, CT analysis should include measuring the maximal luminal diameter at the intended puncture site; this to secure correct sizing of an endovascular balloon and/or covered or bare stent, if needed.



PROCEDURAL ASPECTS OF IVL-ASSISTED TF-TAVI

The Peripheral IVL ShockwaveTM catheter (Shockwave Medical Inc, CA, USA) is indicated for lithotripsy-enhanced low-pressure PTA of calcified, stenotic peripheral arteries, including the iliofemoral artery (4). The system consists of three parts: a generator, a connector cable, and an IVL catheter that houses an array of lithotripsy emitters enclosed in an integrated PTA balloon (Figure 3). The peripheral IVL catheter consists of an over-the-wire (OTW) balloon catheter which is compatible with any 0.014” guidewire. The balloons have a length of 60 mm and are available in multiple diameter sizes ranging from 3.5 to 7.0 mm in 0.5 mm increments. The generator produces 3 kV of energy that travels through the connector cable and catheter to the lithotripsy emitters at one pulse per second. To achieve balloon-vessel wall apposition, the integrated balloon is inflated to 4 atm by an in-deflator. A small electrical discharge at the emitters vaporizes the fluid and creates a rapidly expanding bubble within the balloon. The emitters positioned along the length of the balloon create a localized field effect within the vessel, with series of sonic waves passing through the vascular tissue and selectively fracturing the calcifications in the vessel architecture. Lithotripsy is administered in 30 pulses per cycle. After pulse emission, the integrated balloon is then further inflated to nominal pressure (6 atm) in order to maximize luminal gain. The cycle can be repeated, as needed, until satisfactory luminal diameter gain is obtained. The IVL catheter can be moved freely to other target lesions to deliver lithotripsy up to a total of 10 cycles (300 lithotripsy pulses in total). In case a long(er) segment of the iliofemoral artery needs IVL treatment, it is recommended to start balloon inflation and IVL treatment at the level of the iliac bifurcation and work its way down to the CFA. The positive effects of IVL are more pronounced as the vessel calcific burden is higher, especially in the presence of circumferential (360°) calcium by inducing multiple calcium fractures with significant increase of the luminal area.
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FIGURE 3. Shockwave IVL system components. The Shockwave IVL system consists of three components: (1) a portable IVL generator, (2) a connector cable with magnetic connection and push-button activation, and (3) an IVL catheter that houses an array of lithotripsy emitters enclosed in an integrated PTA balloon. IVL, intravascular lithotripsy; PTA, percutaneous transluminal angioplasty.


An IVL-assisted TF-TAVI procedure can be performed in local anesthesia or under general anesthesia. The possible advantage of performing such TAVI procedures under general anesthesia is that ‘bail-out' alternative access can still be an option, if IVL-assisted TF-TAVI turns out not to be technically feasible.

A step-by-step guide on how to perform IVL-assisted TF-TAVI can be found in Figure 4. The use of a contralateral or ipsilateral 0.018” safety guidewire is strongly recommended, especially in case of TF-TAVI in an ‘hostile' iliofemoral setting (Figure 4A). This can secure a potential bailout procedure in case of complications during iliofemoral intervention, vascular closure device failure or unsuccessful closure at the puncture site.
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FIGURE 4. Step-by-step guide. (A) Treatment of a stenotic calcified common iliac artery with a 7 mm Shockwave IVL catheter. The use of a contralateral or ipsilateral 0.018” safety wire is strongly recommended. (B) Angiographic control with contrast injection is recommended after withdrawal of the large bore introducer sheath and vascular closure. IVL, intravascular lithotripsy; TAVI, transcatheter aortic valve implantation; TF, transfemoral.


Access to the CFA can be performed under fluoroscopic or ultrasound guidance. Fluoroscopy-guided puncture can clearly delineate the level of the puncture site in relation to the femoral head and femoral artery bifurcation, while ultrasound-guided puncture has the advantage of identifying a calcium-free spot and avoiding the use of contrast. The vascular closure strategy can be either suture- or collagen-based (e.g., ProGlideTM or MANTATM vascular closure devices, respectively). A standard 7 Fr introducer sheath can accommodate all sizes of IVL catheter. After successfully crossing the target lesions with a 0.014” guidewire, the IVL catheter can be backloaded to the guidewire after careful preparation of the integrated balloon system. IVL therapy can be delivered to the target lesions as described above (Figure 4A). Post-IVL adjunctive PTA with a non-compliant balloon (e.g., Z-MED II balloon; Braun Medical Inc, USA) is not infrequently performed–this to further maximize the luminal expansion and gain. After adequate preparation of the vessel, the large-bore sheath can then be introduced over a stiff guidewire. Subsequent introduction of the TAVI device should be without any problem.

After closure of the large-bore vascular access, angiographic control of the IVL-treated iliofemoral artery and access site is recommended (Figure 4B). If vascular complications arise, bailout balloon tamponade or peripheral stenting can be performed at the iliac level and/or at the arteriotomy site. Based on a meticulous pre-procedural planning, this material should be available in the catheterization or hybrid lab in case of emergency.



REAL-WORLD OUTCOMES IN A SINGLE CENTER EXPERIENCE

Between November 2018 and August 2021, a total of 50 TAVI candidates with severe calcified iliofemoral disease were deemed unsuitable for standard TF-TAVI (N = 35) or at high risk for vascular complications in case standard TF-TAVI would be performed (N = 15). However, these patients were considered suitable and were accepted for IVL-assisted TF-TAVI at our center. All procedures were performed according to best clinical practice. The choice of transcatheter heart valve type/size and vascular closure device was at the operator's discretion, after careful evaluation of the patient's anatomical and clinical characteristics (10). Only self-expanding transcatheter aortic valves were used in this series, as balloon-expandable transcatheter heart valves have a larger profile, making these balloon-expandable valves not the best choice when treating patients with borderline calcified access vessels. The baseline characteristics of these patients are listed in Table 1.


Table 1. IVL-assisted transfemoral TAVI experience in Copenhagen.
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In all cases, TF delivery of the TAVI device (Portico, N = 22; Evolut, N = 18; Acurate, N = 10) was successful after IVL treatment and adjunctive PTA (in 92% of cases) of the iliofemoral axis. Mean reference vessel diameter was 8.7 mm, target lesion diameter 4.9 mm, with an average diameter stenosis of 55%. Average maximal arc calcium was 302°. All IVL treatments were performed with a 7 mm ShockwaveTM balloon catheter; this because the ShockwaveTM balloon is a compliant balloon which is inflated at low pressures and partial recoil of the IVL-treated vascular segment can be anticipated. No arterial perforation or rupture was noted. There was encountered one common iliac artery type A dissection requiring bare stent implantation. No other IVL-related vascular complications occurred. In 7 patients (14%), there was a (partial) closure device failure at the puncture site, requiring covered stent placement in 5 patients (10%) or a balloon inflation and/or AngioSeal insertion in two other patients. Importantly, these complications at the puncture site were not related to IVL treatment and, overall, there were no VARC-3 defined major vascular complications noted. Further details on the lesion characteristics and TAVI procedures are listed in Table 1.

This preliminary single center experience shows the safety and effectiveness of IVL vessel preparation to facilitate TF-TAVI in patients traditionally considered not suitable for the TF approach, thereby avoiding the usage of alternative access for TAVI.



LITERATURE REVIEW AND DISCUSSION

IVL application for peripheral artery disease (PAD) treatment was first investigated in a pre-market European study, the single-arm DISRUPT PAD I study (4). Peripheral IVL was shown to result in a significant reduction in stenosis severity with high acute luminal gain and minimal vessel injury–this in 35 patients with severely calcified femoropopliteal disease. This study was followed by the DISRUPT PAD II trial, a non-randomized multi-center trial including 60 patients with complex calcified PAD, which confirmed that IVL was associated with large acute luminal gain, minimal complications, and minimal need for stenting (5). DISRUPT PAD III was a prospective, non-randomized, multi-center study conducted to assess the ‘real-world' acute safety and effectiveness of the ShockwaveTM peripheral IVL system, showing that peripheral IVL was safe and effective to treat symptomatic occlusive disease and could enable large-bore sheath advancement through calcified iliac arteries (11). Acute results included low residual stenosis with minimal complications, which were similar to those previously reported in the DISRUPT PAD I and II studies, and this despite a ‘real-world' population with a high burden of severe arterial calcifications.

Before the introduction and availability of peripheral IVL, hostile iliofemoral access remained a challenging scenario for TF-TAVI. Staniloae et al. reported on a TF-TAVI case series including 28 subjects with hostile iliofemoral access: twelve patients required preparatory PTA prior to advancing the TAVI device, one patient underwent orbital atherectomy followed by PTA prior to TAVI. Notably, two patients had a failed TAVI procedure because of common iliac artery perforation requiring stenting–both cases had severe circumferential calcifications (360°, luminal diameters 4.6 and 4.8 mm) and both perforations occurred while attempting to pass the device through the stenotic segment. Both patients underwent TAVI at a later date via an alternative approach (8). Another strategy to tackle challenging TF access has been the upfront placement of covered stents in the iliofemoral axis as “endoconduits” followed by PTA to larger diameters causing controlled rupture of the access vessels. This strategy is also known as the “pave and crack” technique. This technique is at the extreme end of endovascular vessel preparation and should not be routinely performed. Compared to this technique, peripheral IVL therapy offers a safe alternative option, preserving important side branches and avoiding stenting costs.

The use of IVL does not only reduce the risk of vascular complications in TF-TAVI, but also helps to maximize the use of the TF approach for TAVI. Preserving the TF access route and minimizing the use of alternative accesses should be strived for when planning TAVI, as only TF-TAVI has been shown to have superior clinical outcomes compared to SAVR. In a study by (12) it was reported that there was a marked reduction of the need for alternative access TAVI since the introduction of peripheral IVL in their practice. The use of the transapical approach fell from 13% in 2016 to 0.8% in 2018, while the use of the TF approach increased from 85% in 2016 to 94% in 2018. (6) reported the largest series of IVL-assisted TF-TAVI so far; in all 42 patients, a successful delivery of the TAVI device was achieved (6). There were no cases of iliofemoral arterial perforation or dissection requiring stent implantation. Studies on peripheral IVL-assisted large-bore access are summarized in Table 2 (13).


Table 2. Summary of studies on IVL-assisted large-bore transfemoral access.
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CONCLUSIONS

Peripheral IVL appears to be a safe and effective solution for TAVI candidates with co-existing iliofemoral calcifications. Using peripheral IVL to facilitate TF access should be part of the TAVI algorithm, aiming to maintain the safety profile and superior outcomes of traditional TF-TAVI. More research is needed to improve the understanding on anatomical selection for IVL in TAVI candidates. Operators performing IVL-assisted TF-TAVI should be familiar with endovascular interventions and bailout solutions, not so much to treat IVL-treated lesions, but to be able to treat any vascular complication that may occur at the puncture site.



AUTHOR CONTRIBUTIONS

OD and FS: conception or design of the work. VB, CW, and OD: data collection, analysis, and interpretation. FS and OD: drafting the article. GB, LS, and OD: critical revision of the article. FS, VB, CW, GB, LS, and OD: final approval of the version to be published. All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.



ABBREVIATIONS

AS, aortic valve stenosis; CFA, common femoral artery; CT, computed tomography; IVL, intravascular lithotripsy; MLD, minimal luminal diameter; OTW, over-the-wire; PAD, peripheral artery disease; PTA, percutaneous transluminal angioplasty; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TF, transfemoral.



REFERENCES

 1. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al. Transcatheter aortic-valve replacement with a balloon-expandable valve in low-risk patients. N Engl J Med. (2019) 380:1695–1705. doi: 10.1056/NEJMoa1814052

 2. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O'Hair D, et al. Transcatheter aortic-valve replacement with a self-expanding valve in low-risk patients. N Engl J Med. (2019) 380:1706–15. doi: 10.1056/NEJMoa1816885

 3. Siontis GC, Praz F, Pilgrim T, Mavridis D, Verma S, Salanti G, et al. Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treatment of severe aortic stenosis: a meta-analysis of randomized trials. Eur Heart J. (2016) 37:3503–12. doi: 10.1093/eurheartj/ehw225

 4. Brodmann M, Werner M, Brinton TJ, Illindala U, Lansky A, Jaff MR, et al. Safety and Performance of lithoplasty for treatment of calcified peripheral artery lesions. J Am Coll Cardiol. (2017) 70:908–10. doi: 10.1016/j.jacc.2017.06.022

 5. Brodmann M, Werner M, Holden A, Tepe G, Scheinert D, Schwindt A, et al. Primary outcomes and mechanism of action of intravascular lithotripsy in calcified, femoropopliteal lesions: results of disrupt pad ii. Catheter Cardiovasc Interv. (2019) 93:335–42. doi: 10.1002/ccd.27943

 6. Di Mario C, Goodwin M, Ristalli F, Ravani M, Meucci F, Stolcova M, et al. A prospective registry of intravascular lithotripsy-enabled vascular access for transfemoral transcatheter aortic valve replacement. JACC Cardiovasc Interv. (2019) 12:502–4. doi: 10.1016/j.jcin.2019.01.211

 7. Blanke P, Weir-McCall JR, Achenbach S, Delgado V, Hausleiter J, Jilaihawi H, et al. Computed tomography imaging in the context of transcatheter aortic valve implantation (tavi)/transcatheter aortic valve replacement: an expert consensus document of the society of cardiovascular computed tomography. JACC Cardiovasc Imaging. (2019) 12:1–24. doi: 10.1016/j.jcmg.2018.12.003

 8. Cezar S. Staniloae, Hasan Jilaihawi, Nicholas S. Amoroso, Homam Ibrahim, et al. Systematic transfemoral transarterial transcatheter aortic valve replacement in hostile vascular access. Struct Heart. (2019) 3:34–40. doi: 10.1080/24748706.2018.1556828 

 9. Lederman RJ, Greenbaum AB, Rogers T, Khan JM, Fusari M, Chen MY. Anatomic suitability for transcaval access based on computed tomography. JACC Cardiovasc Interv. (2017) 10:1–10. doi: 10.1016/j.jcin.2016.09.002

 10. 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:E418–24. doi: 10.1002/ccd.29117

 11. Armstrong EJ, Soukas PA, Shammas N, Chamberlain J, Pop A, Adams G, et al. Intravascular lithotripsy for treatment of calcified, stenotic iliac arteries: a cohort analysis from the disrupt PAD III study. Cardiovasc Revasc Med. (2020) 21:1262–8. doi: 10.1016/j.carrev.2020.02.026

 12. Ristalli F, Dini CS, Stolcova M, Nardi G, Valente S, Meucci F, et al. Role of lithotripsy for small calcified iliacs in the era of big devices. Curr Cardiol Rep. (2019) 21:143. doi: 10.1007/s11886-019-1245-2

 13. Price LZ, Safir SR, Faries PL, McKinsey JF, Tang GHL, Tadros RO. Shockwave lithotripsy facilitates large-bore vascular access through calcified arteries. J Vasc Surg Cases Innov Tech. (2020) 7:164–70. doi: 10.1016/j.jvscit.2020.09.002

Conflict of Interest: OD received speaker fees from Shockwave Medical Inc.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Sawaya, Bajoras, Vanhaverbeke, Wang, Bieliauskas, Søndergaard and De Backer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-739750-t001.jpg
Patient characteristics

Age
Male

Baseline left ventricular ejection fraction, %
Aortic valve area, cm?

Mean aottic gradient, mmHg

STS surgical risk score, %

Lesion characteristics and TAVI procedure details
Target lesion location (N = 89 i total)

Common iliac

External iliac

Cormmon femoral

Reference vessel diameter, mm

Target lesion diameter, mm

Vessel diameter stenosis, %

Target lesion length, mm

Maximal arc calcification, degrees

Procedural detals

Use of contralateral/ipsilateral safety wire

VL catheter 7.0 mm x 60mm size
Post-IVL adjunctive PTA with non-compliant balloon
Residual vessel stenosis, %

TAVI performed at same time as IVL.

Successful transfemoral delivery of TAVI device
Access outcomes

Vascular complications refated to IVL

Vessel rupture/perforation

Dissection requiring bare metal stenting

Vascular complications refated to the puncture site
Need for additional balloon inflation/AngioSeal
Need for covered stent placement

VARG-3 defined major vascular complications

N =50

783+67
31 (62%)
5111
07£02
45+ 11
26+15

41 (46%)
30 (34%)
18 (20%)
87£22
49+ 1.1
55413
3716
302 + 69

39/11
(78/22%)

50 (100%)
46 (92%)
2910
50 (100%)
50 (100%)

0(0)
1(2%)
7 (14%)
2(4%)
5(10%)
0

Values are mean + SD or n (%). IVL, intravasculer lthotripsy; PTA, percutaneous
transiuminal angioplasty; TAVI, transcatheter aortic vaive implantation; VARC, Valve

Academic Research Consortium.





OPS/images/fcvm-08-739750-t002.jpg
Di Mario et al. (6) Armstrong etal. (11) Price etal. (13)

N=42 N=17 N=
Age 805=73 725483 79398
Procedure type

TAVI 42 (100%) 4 (24%) 4(44.4%)
TEVAR - - 1(19%)
EVAR - 13 (76%) 1(11%)
Fenestrated EVAR - - 3(33%)
Reference vessel diameter, mm 81+16 84+25 NA
Vessel diameter stenosis, % 59418 79419 NA
Target lesion length, mm 37+23 4322 42+31
VL catheter size

5.0x60mm 1(2%) N/A 0(0)
6.0x 60mm 4(10%) N/A 4(40%)
6.5x 60mm 4(10%) N/A 0(0)
7.0x60mm 33 (79%) N/A 6(60%)
Number of pulses per lesion 166+ 68 234 + 144 NA
Successful TF delivery of TAVI device 42 (100%) 17 (100%) 9(100%)
Complications

Perforation 0 00 1(11%)
Dissection requiring stenting 00 00 2(22%)

Values are % (n) or mean + SD. N/A, not available. EVAR, endovascular aortic repair; VL, intravascular lithotripsy; TAVI, transcatheter aortic valve implantation; TEVAR, thoracic
endovascular aortic repair; TF, transfemoral.





OPS/images/fcvm-08-739750-g003.gif





OPS/images/fcvm-08-739750-g004.gif
[ ——
T

s

(s oo e o

vt T





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Intravascular Lithotripsy-Assisted Transfemoral TAVI: The Copenhagen Experience and Literature Review



		Introduction



		Preprocedural Planning for IVL-Assisted TF-TAVI



		Procedural Aspects of IVL-Assisted TF-TAVI



		Real-World Outcomes in a Single Center Experience



		Literature Review and Discussion



		Conclusions



		Author Contributions



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Intravascular Lithotripsy-Assisted
Transfemoral TAVI: The Copenhagen
Experience and Literature Review





OPS/images/fcvm-08-739750-g001.gif
Fully percutaneous TAVI program






OPS/images/fcvm-08-739750-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





