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Abstract

Objectives: To investigate the feasibility and safety of percutaneous transluminal

angioplasty (PTA) of the iliofemoral arteries (IFA) before transfemoral transcatheter

aortic valve implantation (Tf‐TAVI) in patients with advanced peripheral artery

disease (PAD).

Background: Although Tf‐TAVI represents the access of choice, alternative vascular

access routes are preferred for patients displaying advanced PAD. PTA of the IFA

represents a less invasive option, broadening the spectrum of patients eligible for

Tf‐TAVI.

Methods: All patients requiring PTA of the IFA before Tf‐TAVI, between 2012 and

2021, were included. Primary efficacy endpoint was the rate of successful

transcatheter heart valve (THV) delivery and implantation. Primary safety endpoint

was the rate of PTA and access‐site‐related vascular complications, procedural‐ and

in‐hospital complications.

Results: Among 2726 Tf‐TAVI procedures, 59 patients required IFA predilation.

Successful THV delivery and implantation was achieved in 57 (96.6%) patients,

respectively. Sheath placement was achieved in 59 (100%) patients with only one

minor dissection and no major vascular complications following iliofemoral PTA.

Regarding access site complications, two (3.4%) vessel perforations and one (1.7%)

vessel rupture were observed, with eight (13.5%) patients requiring unplanned
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endovascular interventions. There was one intraprocedural death due to

THV‐induced vessel laceration, while in‐hospital all‐cause mortality was 8.5% in

the present high‐risk patient cohort.

Conclusions: Predilation of IFA is safe and effective in patients with advanced PAD.

Careful preprocedural planning is paramount in improving procedural safety and

efficacy. This strategy has the potential to broaden the spectrum of patients eligible

for Tf‐TAVI.

K E YWORD S

percutaneous transluminal angioplasty, peripheral artery disease, transcatheter aortic valve
implantation, transfemoral access

1 | INTRODUCTION

Aortic stenosis (AS) is the most common valvular heart disease in older

patients.1 Over the last 10 years, transcatheter aortic valve implantation

(TAVI) has become the default therapeutic option for patients with

severe symptomatic AS and moderate to high perioperative risk2–5;

more recently, noninferiority (and even superiority for selected

outcomes) of TAVI over surgical aortic valve replacement (SAVR) was

demonstrated in patients at low perioperative risk.6,7

Although a transfemoral (Tf) approach represents the access of

choice in the majority of TAVI procedures,8–10 approximately 25% of

patients requiring TAVI display significant peripheral artery disease

(PAD).11 Patients with advanced PAD have traditionally been deemed

unsuitable for a Tf‐TAVI procedure and alternative vascular access

routes remained standard of care in such cases. Besides transapical

and trans‐aortic access, which were consistently linked to increased

morbidity and procedural complications,12 a variety of alternative

access routes have been evaluated in recent years, including trans‐

subclavian, trans‐carotid or transcaval access, with choice of final

vascular access being mainly influenced by centers' expertise and

procedural efficacy and safety.10,12–15

Among patients undergoing Tf‐TAVI, presence of significant PAD

was shown to increase short‐ and long‐term mortality as well as the risk

of vascular complications 16 as compared to patients without significant

PAD.17 Patients with PAD may manifest with different degrees of

stenosis severity, minimal lumen diameter, circumferential and longitu-

dinal extension of calcification and tortuosity of the iliac vessels, up to

combinations that preclude transfemoral delivery of transcatheter heart

valves (THV).18 Use of angioplasty of the iliofemoral axes to allow safe

sheath and THV delivery represents an appealing and significantly less

invasive option, which has the potential to significantly broaden the

spectrum of patients eligible for TAVI and to reduce the need for

nontransfemoral access routes. Only recently, initial experience with

intravascular lithotripsy (IVL) of the iliofemoral axes to facilitate TAVI

was reported with promising results.19

Against this background, we aimed to investigate the safety and

efficacy of percutaneous transluminal angioplasty (PTA)‐facilitated

Tf‐TAVI in a retrospective, all‐comers, single‐center cohort.

2 | METHODS

2.1 | Study population

This retrospective observational analysis evaluated all consecutive

patients undergoing Tf‐TAVI following multidisciplinary heart team

evaluation at the department of cardiovascular diseases of the

German Heart Centre, Munich, Germany. A minimalistic approach 20

was used in all cases, while the choice of THV was at the discretion of

the operator and influenced mainly by anatomical factors, including

aortic annulus size, calcium distribution, and severity as well as

coronary height.

Procedural information was captured in a customized database

and screened for all patients treated between April 2012 and

November 2021. During this period, 2726 Tf‐TAVI procedures were

performed using commercially available balloon‐expandable

(n = 2012) and self‐expanding (n = 714) THV systems. All patients

requiring PTA of the iliofemoral arteries, either upfront or as a bailout

strategy (following unsuccessful initial sheath delivery) were included

in the present report.

The study was performed in accordance with the principles of

the Declaration of Helsinki and all patients provided written informed

consent for the procedure. A vascular ultrasound was performed

before discharge in all patients to exclude silent vascular injury or

underestimated vascular stenoses or residual dissections. Patients

were monitored for the occurrence of adverse events during the

hospital stay, while clinical follow‐up was performed by office visit,

phone contact, or structured follow‐up letter.

2.2 | Computed tomography (CT)

Multislice computed tomography (MSCT) was analyzed by one

cardiologist (Hector A. Alvarez‐Covarrubias) with extensive experi-

ence in the evaluation of TAVI CT. Based on MSCT reconstruction,

qualitative and quantitative measures of valve size and calcification

as well as degree of peripheral vessel calcification and size were

performed by multi‐planar reconstruction (MPR) using the 3‐Mensio
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software (Pie Medical Imaging). Aortic and peripheral vessel calcification

grading as well as iliac and aortic tortuosity angulation were analyzed

according to the endovascular aneurysm repair (EVAR) guidelines.21

Briefly, peripheral vessels were anatomically divided into infrarenal

abdominal aorta, common iliac artery (CIA), external iliac artery (EIA),

and common femoral artery (CFA); the degree of calcification was graded

from 0 to 4 for each segment, according to the percentage of the

circumference occupied by calcium (0= no calcification; 1 = <25%;

2 =25%–49%; 3 =50%–75%; 4 = >75%–circumferential); additionally,

the minimal lumen diameter (MLD) was measured (Figure 1A,B). Vessel

angulation was measured at the most acute angle in the abdominal aorta

and the iliac artery segments; tangent angle function was applied

between two neighboring vascular segments including the acute angle.

Vessel angle was calculated as: 180°—tangent angle (Figure 1C).

2.3 | Procedural technique

Vessel access was obtained through a standard percutaneous

Seldinger technique in all patients. Subsequently, two suture‐

mediated closure systems (Perclose ProGlide ‐ Abbott Vascular)

were placed using the parallel technique.22 The decision to perform

upfront predilation of the iliofemoral arteries was mainly guided by

the combination of stenosis severity, circumferential and longitudinal

extension of calcification and tortuosity of the iliofemoral vessels on

preprocedural MSCT analysis. Such measurements served also as a

guidance regarding size of the noncompliant (NC) peripheral balloons

being used, with a balloon‐to‐artery ratio <0.9 in all patients. Prior

insertion of the large bore sheath, the NC balloons were advanced

through 8–10 French sheath over an extra‐stiff wire and inflated up

to the lowest pressure necessary to allow full balloon expansion.

Following their introduction in the clinical routine, IVL balloons

(Shockwave Medical) were used, either as a standalone strategy or in

combination with NC balloons, using the maximal number of pulses

available. Following peripheral artery predilation, the TAVI sheath

was advanced and valve implantation performed as per clinical

routine. After valve implantation, the sheath was removed and the

suture‐based closure systems were used to close the arterial access

site, with a safety wire in place to allow for placement of additional

plug‐based closure devices, if needed. Finally, a digital subtraction

angiography was performed to confirm vessel patency and absence

of major vascular complications, such as active bleeding, flow‐limiting

dissections or significant stenoses (Figure 2). In case of persistent

relevant bleeding, presence of relevant stenosis or dissection,

covered or bare‐metal stents were deployed through the contra-

lateral access.

F IGURE 1 Computed tomography of the peripheral vessels identifying narrow sections and vessel tortuosity. (A) Stretched vessel
reconstruction of the right iliac artery (IA) showing calcification and stenotic segments; (A1) right common iliac artery (CIA) with a minimal lumen
diameter (MLD) of 4.4 mm and more than 50% circumferential calcification (CC); (A2) right external iliac artery (EIA) with a MLD of 3.6 mm and
50% CC; (A3) right common femoral artery (CFA) with a MLD of 6.0 mm and 25% CC; (B) stretched vessel reconstruction of the left IA showing
calcification and stenotic segments; (B1) left CIA with a MLD of 2.5 mm and more than 75% CC; (B2) left EIA with a MLD of 6.0 mm and 50%
CC; (B3) left CFA with a MLD of 5.6 mm and no calcification; (C) 3D vessel reconstruction measuring right iliac angulation (180° minus 126°
correspond to 54° degrees inner angle). [Color figure can be viewed at wileyonlinelibrary.com]
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2.4 | Endpoints

The primary efficacy endpoint was represented by the rates of

successful THV delivery and successful THV implantation.

The primary safety endpoint was represented by the rates of

PTA‐related vascular complications, access‐site‐related compli-

cations, procedural‐related complications, and in‐hospital com-

plications. Vascular complications were evaluated in accordance

with the Valve Academic Research Consortium (VARC)‐3

criteria.23

2.5 | Statistical analysis

Categorical variables were reported as counts and percentages.

Continuous variables were inspected by means of the

Shapiro–Wilk test regarding normality of distribution and re-

ported as mean ± standard deviation or median and interquartile

range accordingly. Statistical analysis was performed using SPSS

Statistics Version 28.0.

3 | RESULTS

3.1 | Patient population

Between April 2012 and November 2021, 59 patients with severe

aortic valve stenosis and advanced PAD underwent iliofemoral artery

predilation, either as upfront or as bailout strategy, to facilitate

Tf‐TAVI. Baseline clinical and echocardiographic characteristics of

the patient cohort are shown in Table 1. The patient population

displayed a mean age of 80.5 ± 6.3 years, a high prevalence of

concomitant coronary artery disease (91.5%), a left ventricular

ejection fraction of 60% [48; 60] and a moderate to high

perioperative risk in the majority of the patients (EuroScore I: 18.8

[9.6; 32.7]; EuroScore II 6.1 [2.5; 11.6]).

3.2 | CT analysis

CT characteristics are shown in Table 2. Mild aortic tortuosity (aortic

angulation 140–159°) was observed in 39 (67.2%) patients, moderate

F IGURE 2 Transfemoral transcatheter aortic valve implantation with upfront peripheral percutaneous transluminal angioplasty.
(A) Angiography of the right iliac artery showing calcification narrowing segment underneath aorto‐iliac bifurcation; (B, C) Intravascular
lithotripsy of the right common and external iliac artery using a 7 × 60mm Balloon and 300 pulses; (D) additional used of a noncompliant/high
pressure balloon 7 × 100mm; (E) 14 French eSheath insertion after percutaneous transluminal angioplasty; (F) successful implantation of a
23mm Sapien Ultra Valve; (G, H) final result without vessel complication.
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tortuosity (120–139°) in 6 (10.3%), and severe (90‐119°) in 1 (1.7%).

Calcification involving >75% of the infrarenal abdominal aorta was

observed in 53 patients (91.4%). The mean most acute angle was

88 ± 24° on the right and 94 ± 22° on the left iliac arteries. The MLD

TABLE 1 Baseline clinical and echocardiographic characteristics.

N = 59

Age, years 80.5 ± 6.3

Sex, female 26 (44.1)

Height (cm) 169.6 ± 8.7

Weight (kg) 76.4 ± 14.2

Body mass index (kg/m2) 26.4 ± 3.9

Body surface area (m2) 1.88 ± 0.20

Arterial hypertension 58 (98.3)

Diabetes mellitus 25 (42.4)

Dyslipidemia 47 (79.7)

Smoking history 24 (40.7)

Atrial fibrillation 24 (40.7)

Chronic obstructive pulmonary disease 9 (15.3)

New York Heart Association Class ≥ III 34 (57.6)

Previous pacemaker 8 (13.6)

Coronary artery disease 54 (91.5)

Previous percutaneous coronary intervention 29 (49.2)

Previous myocardial infarction 14 (23.7)

Previous coronary artery bypass grafting 16 (27.1)

Previous surgical aortic valve replacement 8 (13.6)

History of cancer 8 (13.6)

Serum creatinine (mg/dL) 1.17 [0.96; 1.41]

Estimated glomerular filtration rate (mL/min) 58 [38; 72]

Chronic dialysis 3 (5.1)

Previous stroke/transient ischemic attack 14 (23.7)

Poor mobility 5 (8.5)

Left ventricular ejection fraction (%) 60 [48; 60]

Aortic valve area (cm2) 0.76 [0.58; 0.88]

Mean transvalvular pressure gradient (mmHg) 39.2 ± 15.4

Maximal transvalvular pressure gradient (mmHg) 64.7 ± 22.0

Maximal transvalvular flow velocity (cm/s) 395 ± 73

Systolic pulmonary artery pressure (mmHg) 42.4 ± 13.3

Hemoglobin (g/dL) 12.6 ± 1.9

EuroScore I 18.8 [9.6; 32.7]

EuroScore II 6.1 [2.5; 11.6]

Note: Data are shown as counts (%), mean ± SD (standard deviation), or
median [25th–75th percentiles].

TABLE 2 Computerized tomography analysis.

N = 58

Aortic tortuosity (degrees)

• 160–180 degrees 12 (20.7)

• 140–159 degrees 39 (67.2)

• 120–139 degrees 6 (10.3)

• 90–119 degrees 1 (1.7)

Infrarenal abdominal aortic calcification

• <25 degrees 3 (5.2)

• 25–49 degrees 1 (1.7)

• 50–74 degrees 1 (1.7)

• >75 degrees 53 (91.4)

Most acute iliac vessel angulation, degrees

• Right 88.28 ± 24.85

• Left 94.07 ± 22.07

More than one iliac angulation less than 90 degrees

• Right 6 (10.3)

• Left 8 (13.8)

Minimum lumen diameter

• Right side

o Common iliac artery (mm) 5.3 ± 2.1

o External iliac artery (mm) 4.5 ± 1.4

o Common femoral artery (mm) 4.7 ± 1.5

• Left side

o Common iliac artery (mm) 4.9 ± 1.7

o External iliac artery (mm) 4.7 ± 1.6

o Common femoral artery (mm) 4.6 ± 1.4

Circumferential calcification of the peripheral

vessels

• Right side

o Common iliac artery

▪ <25 degrees 1 (1.7)

▪ 25–49 degrees 4 (6.9)

▪ 50–74 degrees 6 (10.3)

▪ >75 degrees 47 (81.1)

o External iliac artery

▪ None 6 (10.3)

▪ <25 degrees 11 (19)

▪ 25–49 degrees 11 (19)

▪ 50–74 degrees 7 (12.1)

▪ >75 degrees 23 (39.7)
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was 5.3 ± 2.1 mm and 4.9 ± 1.7mm for the right and left CIA,

4.5 ± 1.4mm and 4.7 ± 1.6mm for the right and left EIA and

4.7 ± 1.5mm and 4.6 ± 1.4mm for the right and left CFA, respectively.

Circumferential vessel calcification (>75°) was observed in 47 (81.1%)

and 49 (84.5%) patients regarding the right and left CIA, 23 (39.7%) and

25 (43.1%) patients regarding the right and left EIA, 16 (27.6%) and 16

(27.6%) patients regarding the right and left CFA, respectively.

3.3 | Procedural characteristics

Procedural characteristics are shown in Table 3. Vessel access was

obtained through a percutaneous Seldinger technique in all patients,

with no elective surgical vessel exposure being performed. Iliofemor-

al predilation was performed upfront in 29 (49.2%) and as a bailout

strategy in 30 (50.8%) patients. Fifty‐three (89.8%) patients were

treated with NC balloon only, two (3.4%) patients with IVL only, while

in four (6.8%) patients a combined strategy was used (IVL and NC

balloon). The most frequently used NC balloon diameters were

represented by the 7mm (16.9%) and 8mm (66.1%) balloons. A single

NC balloon was used in 42 (71.2%) patients, two balloons in 14

(23.7%) patients and more than two balloons were necessary in three

(5.1%) patients. The maximal balloon inflation pressure was 14 ± 4.5

atmospheres. Sheath exchange was required in 12 (20.3%) patients,

due to initial sheath damage following repeated advancement

attempts. A 14 F sheath was used in 49 (83.1%), 16F in 9 (15.3%)

cases and 24F in one (1.7%) patient. Balloon‐expandable THVs

(Sapien XT, Sapien 3 and Sapien 3 Ultra ‐ Edwards LifeSciences) were

used in 47 (82.5%) patients, while self‐expanding THVs (Acurate Neo

2 and Lotus edge—Boston Scientific; Evolut R ‐ Medtronic; Centera—

Edwards LifeSciences) were used in 10 (17.5%) patients (further

details are reported in Table 3).

3.4 | Primary efficacy and safety endpoints

Successful THV delivery as well as successful THV implantation were

observed in 57 (96.6%) patients (Table 4). THV delivery was

unsuccessful in 2 (3.4%) patients; in one case, following successful

upfront IVL and NC balloon iliofemoral angioplasty and sheath

placement, repeated advancement attempts of a balloon‐expandable

THV led to partial extroversion of the valve frame, with ensuing vessel

laceration, which, despite placement of a stopping balloon in the

abdominal aorta and covered stent implantation, led to refractory

hemorrhagic shock and intraprocedural death. In the second case,

despite successful sheath placement, THV valve advancement proved

impossible and, following THV and sheath removal, percutaneous

placement of a covered stent was required to achieve hemostasis at

the access site; the patient died at the 3rd postprocedural day, due to

cardiogenic shock. In‐hospital all‐cause mortality was 8.5% (five

patients); in addition to the aforementioned patients, one (1.7%) patient

presented annulus rupture, one (1.7%) presented cardiogenic shock and

one (1.7%) had sudden death at the 3rd postprocedural day. Table 5

shows PTA‐ and access‐site‐related complications. Importantly, only

one minor dissection and no major vascular complications was observed

following PTA of the iliofemoral vessels. Regarding access site

complications, there were two (3.4%) vessel perforations and one

(1.7%) vessel rupture, while eight (13.5%) patients required unplanned

endovascular interventions (one [1.7%] balloon dilatation, five [8.5%]

covered stent, and two [3.4%] bare metal stent implantation). Only one

(1.7%) conversion to surgery was required.

4 | DISCUSSION

This single‐centre, retrospective, observational study investigated the

efficacy and safety of iliofemoral artery predilation to facilitate

Tf‐TAVI in patients with advanced PAD. By avoiding the morbidity

TABLE 2 (Continued)

N = 58

o Common femoral artery

▪ None 3 (5.2)

▪ <25 degrees 12 (20.7)

▪ 25–49 degrees 13 (22.4)

▪ 50–74 degrees 14 (24.1)

▪ >75 degrees 16 (27.6)

• Left side

o Common iliac artery

▪ None 1 (1.7)

▪ <25 degrees 1 (1.7)

▪ 25–49 degrees 4 (6.9)

▪ 50–74 degrees 3 (5.2)

▪ >75 degrees 49 (84.5)

o External iliac artery

▪ None 5 (8.6)

▪ <25 degrees 11 (19)

▪ 25–49 degrees 10 (17.2)

▪ 50–74 degrees 7 (12.1)

▪ >75 degrees 25 (43.1)

o Common femoral artery

▪ None 1 (1.7)

▪ <25 degrees 14 (24.1)

▪ 25–49 degrees 14 (24.1)

▪ 50–74 degrees 13 (22.4)

▪ >75 degrees 16 (27.6)

Note: Data are shown as counts (%), mean ± SD (standard deviation), or
median [25th–75th percentiles].
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associated with transthoracic approaches and providing favorable

operating room ergonomics, a Tf access represents the access of

choice used in the overwhelming majority of TAVI procedures.

According to current guidelines, the feasibility of Tf‐TAVI access

represents one of the dominant features influencing the choice

between TAVI and SAVR.24 PAD is a common finding in patients

requiring TAVI,11 and alternative access is usually recommended in

patients with a MLD of the iliofemoral vessels <5mm, severe vessel

tortuosity and/or calcification, chronic arterial dissection/thrombus,

morbid obesity, or severe abdominal aortic atherosclerosis.25

TABLE 3 Procedural characteristics.

N = 59

Elective procedure 57 (96.6)

Oro‐tracheal intubation

• Elective 4 (6.8)

• Emergency 2 (3.4)

Valve‐in‐valve procedure 9 (15.3)

Procedure time (min) 66 [51; 83]

Fluoroscopy time (min) 15.8 [11.5; 21.5]

Fluoroscopy dose (cGy*cm2) 1692.8 [622.9;
3428.8]

Contrast medium (mL) 160 [129; 215]

Main access

• Right 33 (55.9)

• Left 26 (44.1)

• Minimal lumen area (mm) 3.82 ± 1.17

• Sheath to artery ratio 0.80 ± 0.24

PTA strategy

• Upfront 29 (49.2)

• Bailout 30 (50.8)

Type of percutaneous transluminal angioplasty

• Noncompliant high‐pressure balloon 53 (89.8)

• Intravascular lithotripsy 2 (3.4)

• Combination of intravascular lithotripsy
and noncompliant high‐pressure balloon

4 (6.8)

Maximal diameter of noncompliant high‐
pressure balloon

• 6mm 1 (1.7)

• 7mm 10 (16.9)

• 8mm 39 (66.1)

• >8mm 9 (15.3)

Intravascular lithotripsy balloon diameter

• 6mm 1 (1.7)

• 7mm 4 (6.8)

Number of noncompliant high‐pressure
balloon used

• One 42 (71.2)

• Two 14 (23.7)

• More than two 3 (5.1)

Maximal balloon inflation pressure, atm 14 ± 4.5

Number of intravascular lithotripsy pulses
applied

300 [300; 300]

Relation between intravascular lithotripsy and
noncompliant high‐pressure balloon
diameter

TABLE 3 (Continued)

N = 59

• 6mm> 8mm 1 (1.7)

• 7mm> 7mm 2 (3.4)

• 7mm> 8mm 2 (3.4)

Sheath type

• eSheath 50 (84.7)

• Lotus 1 (1.7)

• iSleeve 6 (10.2)

• Axela 1 (1.7)

• Sheathless 1 (1.7)

Sheath size (Fr)

• 14 49 (83.1)

• 16 9 (15.3)

• 24 1 (1.7)

Need for sheath exchange 12 (20.3)

Transcatheter heart valve implanted 57/59

• Sapien XT 1 (1.8)

• Sapien 3 24 (42.1)

• Sapien 3 Ultra 22 (38.6)

• Evolut R 2 (3.5)

• Acurate Neo2 5 (8.8)

• Centera 2 (3.5)

• Lotus Edge 1 (1.8)

Aortic valve predilation 34 (57.6)

Aortic valve postdilation 19 (32.2)

Access‐site closure

• Suture‐based closure system 55 (93.2)

• Stent 2 (3.4)

• Manual 1 (1.7)

• No closure was used 1 (1.7)

Note: Data are shown as counts (%), mean ± SD (standard deviation), or
median [25th–75th percentiles].

634 | ALVAREZ‐COVARRUBIAS ET AL.



In the present registry, upfront or bailout iliofemoral artery

predilation allowed sheath placement in 100% of patients, while THV

delivery and successful THV implantation was achieved in 96.6% of

this patient cohort, respectively. Considering the pronounced

reduction in residual vascular lumen, the marked longitudinal

extension and circumferential nature of vessel calcification in the

vast majority of patients in addition to the significant vessel

tortuosity, the aforementioned results speak for the excellent

efficacy of iliofemoral artery predilation in facilitating Tf‐TAVI in

patients otherwise ineligible for such access. In addition, predilation

of iliofemoral arteries displayed an excellent safety profile, with one

minor dissection and no major vascular complications following

iliofemoral PTA and sheath advancement. However, despite success-

ful vessel predilatation, THV delivery proved impossible in two (3.4%)

patients. There was one intraprocedural death due to THV‐induced

vessel laceration with ensuing refractory hemorrhagic shock and one

annulus rupture which required immediate patient transfer for urgent

cardiac surgery; in‐hospital all‐cause mortality ranged at 8.5% in the

present patient cohort with a high prevalence of high or prohibitive

surgical risk.

Following a recently reported prospective registry evaluating the

use of peripheral IVL to facilitate Tf‐TAVI,19 the present report

represents the second largest data set investigating the feasibility and

safety of iliofemoral artery pre‐dilation to allow Tf‐TAVI in patients

with advanced PAD. Due to the retrospective, all‐comers nature of

the present registry, the vast majority of iliofemoral vessel dilatation

was performed by means of noncompliant high‐pressure balloons,

with IVL being used in 10.2% of patients. IVL is a new technique that

uses acoustic shockwaves in a balloon‐based system to induce

fracture of calcium deposits thereby facilitating luminal gain and

vessel compliance.26 Since IVL technology relies on acoustic

shockwaves rather than high‐pressure inflation to fracture calcified

plaques, postulated advantages of such therapy include a reduced

risk of barotrauma‐induced vessel perforation and/or dissection.26

Importantly, in the present registry, a high‐pressure balloon‐based

strategy in the vast majority of patients allowed successful sheath

placement in 100% of patients, with an excellent safety profile. One

potential explanation for such a favorable safety profile could be

represented by the relative downsizing of balloon diameters used in

this patient collective (balloon‐to‐artery ratio <0.9 in all cases), while

IVL applications in the setting of calcified coronary lesions have used

a balloon‐to‐artery ratio of ≈1.27

Closure device failure displayed numerically lower values (3.4%

vs. 5.9%) in the present report compared to the aforementioned

registry, while need for unplanned endovascular interventions

appeared broadly comparable between the two registries (13.5%

vs. 12.0%). While the incidence of closure device failure appears

nonsignificantly different from that reported in studies including

patients without significant PAD undergoing Tf‐TAVI,28 need for

unplanned endovascular interventions appears more frequent in

patients with as opposed to those without significant PAD.28,29 On

the other hand, endovascular repair techniques represent an

extremely effective way of managing vascular complications associ-

ated with Tf access in patients with advanced PAD.

Since no direct comparisons in terms of efficacy and safety

between balloon‐based techniques are available, only indirect

comparisons, with obvious major inherent limitations, between the

TABLE 4 Primary endpoint, procedural, and in‐hospital outcomes.

N = 59

Successful transcatheter heart valve delivery 57 (96.6)

Successful transcatheter heart valve
implantation

57 (96.6)

Multiple valves 0 (0)

In hospital all‐cause mortality 5 (8.5)

• Cardiogenic shock 2 (3.4)

• Hemorrhagic shock 1 (1.7)

• Annulus rupture 1 (1.7)

• Sudden death 1 (1.7)

Stroke

• Major 0 (0)

• Minor 1 (1.7)

Acute myocardial infarction

• Periprocedural 0 (0)

• Early acute myocardial infarction 1 (1.7)

New permanent pacemaker 5 (8.5)

Acute kidney injurya 7 (11.9)

Degree of prosthetic aortic valve regurgitation

• Angiography

o None 28 (47.5)

o Grade I 28 (47.5)

o Grade II 1 (1.7)

• Echocardiography

o None/Grade I 53 (89.4)

o Grade II 2 (3.4)

Mean transprosthetic gradient (mmHg) 10 [8; 13.6]

Maximal transprosthetic gradient (mmHg) 20 [15; 26.8]

Postprocedural systolic pulmonary artery
pressure (mmHg)

38.9 ± 11.1

Postprocedural serum creatinine (mg/mL) 1.05 [0.87; 1.42]

Postprocedural hemoglobin value (gr/dL) 11.1 ± 1.7

Minimal postprocedural hemoglobin value

(gr/dL)

10.2 ± 1.6

Length of hospital stay (days) 4 [3; 5]

Length of intensive care unit stay (days) 1 [1; 2]

Note: Data are shown as counts (%), mean ± SD (standard deviation), or
median [25th–75th percentiles].
aAcute kidney injury was defined according to RIFLE criteria.
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patient outcomes reported in such registries may be attempted

actually. As long as no clear superiority in terms of efficacy and/or

safety of one method upon the other is supported by available data,

the lower costs associated with the use of conventional PTA balloons

may represent an argument supporting their use instead of

alternative techniques at present.

The results of the present report need to be interpreted in the

context of the currently available evidence regarding efficacy and

safety of alternative TAVI access routes. Use of transapical and

transaortic access has considerably declined in recent years since

their use has been consistently linked to increased morbidity and

procedural complications.12 On the other hand, trans‐subclavian, and

transcarotid approaches have been increasingly used as alternative

vascular access routes, when TF access was deemed prohibitive,

depending on centers' expertise. A recent propensity score‐based

matching analysis from the national prospective FRANCE TAVI

registry confirmed the safety of both approaches as compared to the

standard Tf access.15 Moreover, the feasibility and clinical outcomes

of a transcaval access were evaluated in a prospective observational

study including 100 patients, ineligible for TF access and at high or

prohibitive risk for transthoracic access.13 Device success, defined as

successful transcaval access and deployment of a closure device

without death or emergency surgical rescue, was achieved in 98% of

the patients. The observed 30‐day mortality rate amounted to 8%.

Rates of major vascular complications, life‐threatening bleeding, and

major bleeding were 19.2%, 12.1%, and 6.1%, respectively. Our

results display similar efficacy and a more favorable safety profile in

terms of major vascular complications compared to the aforemen-

tioned results. Additionally, it is important to mention that in patients

at advanced age with multiple comorbidities, vessel wall calcifications

tend to extend across multiple vascular territories representing

significant obstacles to alternative vascular accesses as well; a

paradigmatic example of the diffuse nature of vasculopathy is

represented by the circumferential nature of infrarenal aortic

calcifications in 91.4% of patients in the present registry, which

would have represented a considerable hurdle to transcaval access,

since identification of calcium‐free crossing targets in the abdominal

aorta are a prerequisite for the safe performance of this procedure.30

4.1 | Study limitations

Some limitations of the present study need to be acknowledged.

Despite its moderately large sample size, it is a single center

observational study and, due to its retrospective nature, a selection

bias cannot be rule out. Additionally, the relatively limited number of

patients undergoing IVL‐based iliofemoral artery predilation, pre-

cludes the possibility of reasonable comparisons between IVL‐ and

NC balloon‐based Tf‐TAVI outcomes.

TABLE 5 PTA‐related, access‐site and cardiac structural‐ and
technical valve‐related complications.

N = 59

PTA related complications

• Perforation 0 (0)

• Rupture 0 (0)

• Minor dissection (type A‐B) 1 (1.7)

• Major dissection (type C) 0 (0)

Access‐site related complications

• Vessel perforation 2 (3.4)

• Rupture 1 (1.7)

• Minor dissection 5 (8.5)

• Stenosis 1 (1.7)

• Ischemia 0 (0)

• Arteriovenous thrombus 2 (3.4)

• Arteriovenous fistula 2 (3.4)

• Pseudoaneurysm 4 (6.8)

• Retroperitoneal hematoma 1 (1.7)

• Infection 0 (0)

• Distal embolisation 0 (0)

• Closure device failure 2 (3.4)

• Bleeding <BARC 3a 16 (27.1)

• Bleeding >BARC type 3b 3 (5.1)

• Unplanned endovascular intervention (balloon
dilatation or covered stent implantation)

8 (13.5)

• Balloon dilatation 1 (1.7)

• Covered stent, n (%) 5 (8.5)

• Bare metal stent, n (%) 2 (3.4)

Acute procedural and technical valve‐related complications

• Conversion to surgery 1 (1.7)

• Valve embolization 0 (0)

• Valve migration 0 (0)

• Ectopic valve deployment 0 (0)

Cardiac structural complications

• Cardiac structures perforation 1 (1.7)

• Tamponade 1 (1.7)

• Coronary obstruction 0 (0)

Note: Data are shown as counts (%), mean ± SD (standard deviation), or
median [25th–75th percentiles].

Abbreviations: BARC, Bleeding Academic Research Consortium
classification; PTA, percutaneous transluminal angioplasty.
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5 | CONCLUSIONS

Upfront or bailout predilation of iliofemoral arteries is safe and

effective in facilitating Tf‐TAVI in patients with severe aortic valve

stenosis and significant PAD. Careful preprocedural CT analysis,

procedural planning, and elaboration of a detailed endovascular bail‐

out plan for the management of vascular complications are

paramount in improving procedural safety and efficacy. This strategy

has the potential to significantly broaden the spectrum of patients

eligible for Tf‐TAVI and to reduce the need for nontransfemoral

access routes.

ACKNOWLEDGMENTS

Open Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST STATEMENT

Sebastian Kufner reports speaker and consultant fees from AstraZe-

neca, Bristol Myers Squibb, and Translumina, not related to the

current work; the other authors have no conflicts of interest to

declare.

ORCID

Hector A. Alvarez‐Covarrubias http://orcid.org/0000-0003-

0505-9530

Salvatore Cassese http://orcid.org/0000-0002-8668-4313

N. Patrick Mayr http://orcid.org/0000-0002-3549-3007

Adnan Kastrati http://orcid.org/0000-0003-4341-891X

Erion Xhepa http://orcid.org/0000-0002-0728-2819

REFERENCES

1. Iung B, Vahanian A. Epidemiology of acquired valvular heart disease.

Can J Cardiol. 2014;30(9):962‐970.
2. Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgical

aortic‐valve replacement in high‐risk patients. N Engl J Med.
2011;364(23):2187‐2198.

3. Adams DH, Popma JJ, Reardon MJ, et al. Transcatheter aortic‐valve
replacement with a self‐expanding prosthesis. N Engl J Med.
2014;370(19):1790‐1798.

4. Leon MB, Smith CR, Mack MJ, et al. Transcatheter or surgical aortic‐
valve replacement in intermediate‐risk patients. N Engl J Med.

2016;374(17):1609‐1620.
5. Reardon MJ, Van Mieghem NM, Popma JJ, et al. Surgical or

transcatheter aortic‐valve replacement in intermediate‐risk patients.
N Engl J Med. 2017;376(14):1321‐1331.

6. Mack MJ, Leon MB, Thourani VH, et al. Transcatheter aortic‐valve
replacement with a balloon‐expandable valve in low‐risk patients.
N Engl J Med. 2019;380(18):1695‐1705.

7. Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter aortic‐valve
replacement with a self‐expanding valve in low‐risk patients. N Engl J

Med. 2019;380(18):1706‐1715.
8. Eggebrecht H, Mehta RH. Transcatheter aortic valve implantation

(TAVI) in Germany: more than 100,000 procedures and now the
standard of care for the elderly. EuroIntervention. 2019;14(15):
e1549‐e1552.

9. Carroll JD, Mack MJ, Vemulapalli S, et al. STS‐ACC TVT registry of
transcatheter aortic valve replacement. JACC. 2020;76(21):
2492‐2516.

10. Vemulapalli S, Carroll JD, Mack MJ, et al. Procedural volume and
outcomes for transcatheter aortic‐valve replacement. N Engl J Med.
2019;380(26):2541‐2550.

11. Fanaroff AC, Manandhar P, Holmes DR, 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(10):e005456.

12. Overtchouk P, Modine T. Alternate access for TAVI: stay clear of the

chest. Intervent Cardiol Rev. 2018;13(3):145‐150.
13. Greenbaum AB, Babaliaros VC, Chen MY, et al. Transcaval access

and closure for transcatheter aortic valve replacement. JACC.
2017;69(5):511‐521.

14. Lanz J, Greenbaum A, Pilgrim T, Tarantini G, Windecker S. Current

state of alternative access for transcatheter aortic valve implanta-
tion. EuroIntervention. 2018;14:AB40‐AB52.

15. Beurtheret S, Karam N, Resseguier N, et al. Femoral versus
nonfemoral peripheral access for transcatheter aortic valve replace-
ment. JACC. 2019;74(22):2728‐2739.

16. Ueshima D, Barioli A, Nai Fovino L, et al. 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(5):993‐1000.
17. Kim BG, Ko YG, Hong SJ, et al. Impact of peripheral artery disease

on early and late outcomes of transcatheter aortic valve implanta-
tion in patients with severe aortic valve stenosis. Int J Cardiol.
2018;255:206‐211.

18. Rogers T, Gai J, Torguson R, et al. Predicted magnitude of alternate

access in the contemporary transcatheter aortic valve replacement
era. Catheter Cardiovasc Interv. 2018;92(5):964‐971.

19. Nardi G, De Backer O, Saia F, et al. Peripheral intravascular lithotripsy of
iliofemoral arteries to facilitate transfemoral TAVI: a multicentre
prospective registry. EuroIntervention. 2021;17(17):e1397‐e1406.

20. Frangieh AH, Ott I, Michel J, et al. Standardized minimalistic
transfemoral transcatheter aortic valve replacement (TAVR) using
the SAPIEN 3 device: stepwise description, feasibility, and safety
from a large consecutive single‐center single‐operator cohort.
Structural Heart. 2017;1(3‐4):169‐178.

21. Walker TG, Kalva SP, Yeddula K, et al. Clinical practice guidelines for
endovascular abdominal aortic aneurysm repair: written by the
standards of practice committee for the society of interventional
radiology and endorsed by the Cardiovascular and Interventional

Radiological Society of Europe and the Canadian Interventional
Radiology Association. J Vasc Int Radiol. 2010;21(11):1632‐1655.

22. Ott I, Shivaraju A, Schäffer N, et al. Parallel suture technique with
ProGlide: a novel method for management of vascular access during
transcatheter aortic valve implantation (TAVI). EuroIntervention.

2017;13(8):928‐934.
23. Généreux P, Piazza N, Alu MC, et al. Valve academic research

consortium 3: updated endpoint definitions for aortic valve clinical
research. Eur Heart J. 2021;42(19):1825‐1857.

24. Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/EACTS guidelines

for the management of valvular heart disease. Eur Heart J.
2022;43(7):561‐632.

25. Banks A, Gaca J, Kiefer T. Review of alternative access in transcatheter
aortic valve replacement. Cardiovasc Diagn Ther. 2020;10(1):72‐82.

26. Kereiakes DJ, Virmani R, Hokama JY, et al. Principles of intravascular

lithotripsy for calcific plaque modification. JACC: Cardiovasc Interv.
2021;14(12):1275‐1292.

27. Kereiakes DJ, Di Mario C, Riley RF, et al. Intravascular lithotripsy for
treatment of calcified coronary lesions. JACC: Cardiovasc Interv.

2021;14(12):1337‐1348.
28. Abdel‐Wahab M, Hartung P, Dumpies O, et al. Comparison of a pure

plug‐based versus a primary suture‐based vascular closure device

ALVAREZ‐COVARRUBIAS ET AL. | 637

http://orcid.org/0000-0003-0505-9530
http://orcid.org/0000-0003-0505-9530
http://orcid.org/0000-0002-8668-4313
http://orcid.org/0000-0002-3549-3007
http://orcid.org/0000-0003-4341-891X
http://orcid.org/0000-0002-0728-2819


strategy for transfemoral transcatheter aortic valve replacement: the
CHOICE‐CLOSURE randomized clinical trial. Circulation. 2022;145(3):
170‐183.

29. Rheude T, Pellegrini C, Lutz J, et al. Transcatheter aortic valve
replacement with balloon‐expandable valves. JACC: Cardiovasc

Interv. 2020;13(22):2631‐2638.

30. 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):1‐10.

How to cite this article: Alvarez‐Covarrubias HA, Joner M,

Cassese S, et al. Iliofemoral artery predilation prior to

transfemoral transcatheter aortic valve implantation in

patients with aortic valve stenosis and advanced peripheral

artery disease. Catheter Cardiovasc Interv. 2023;101:628‐638.

doi:10.1002/ccd.30576

638 | ALVAREZ‐COVARRUBIAS ET AL.

https://doi.org/10.1002/ccd.30576

	Iliofemoral artery predilation prior to transfemoral transcatheter aortic valve implantation in patients with aortic valve stenosis and advanced peripheral artery disease
	1 INTRODUCTION
	2 METHODS
	2.1 Study population
	2.2 Computed tomography (CT)
	2.3 Procedural technique
	2.4 Endpoints
	2.5 Statistical analysis

	3 RESULTS
	3.1 Patient population
	3.2 CT analysis
	3.3 Procedural characteristics
	3.4 Primary efficacy and safety endpoints

	4 DISCUSSION
	4.1 Study limitations

	5 CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES




