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ABSTRACT 
 

BACKGROUND 

The optimal access route in patients with severe peripheral artery disease (PAD) undergoing TAVI 

remains undetermined. 

 

OBJECTIVE 

To compare clinical outcomes with transfemoral access (TFA), transthoracic access (TTA), and 

non-thoracic alternative access (TAA) in TAVI patients with severe PAD.  

 

METHODS 

Patients with PAD and hostile femoral access (TFA impossible, or possible only after percutaneous 

treatment) undergoing TAVI at 28 international centers were included in this registry. The primary 

endpoint was the propensity-adjusted risk of 30-day major adverse events (MAE) defined as the 

composite of all-cause mortality, stroke/transitory ischemic attack (TIA) or main access site-related 

VARC 3 major vascular complications. Outcomes were also stratified according to the severity of 

PAD using a novel risk score (Hostile score). 

 

RESULTS 

Among the 1,707 patients included in the registry, 518 (30.3%) underwent TAVI with TFA after 

percutaneous treatment, 642 (37.6%) with TTA, and 547 (32.0%) with TAA (mostly transaxillary). 

Compared with TTA, both TFA (adjusted HR=0.58, 95%CI 0.45-0.75) and TAA (adjusted 

HR=0.60, 95%CI 0.47-0.78) were associated with lower 30-day rates of MAE, driven by fewer 

access site-related complications. Composite risks at 1 year were also lower with TFA and TAA 

compared with TTA. TFA compared with TAA was associated with lower 1-year risks of 

stroke/TIA (adjusted HR=0.49, 95%CI 0.24-0.98), a finding confined to patients with low Hostile 

scores (Pinteraction=0.049). 

 

CONCLUSIONS 

Among patients with PAD undergoing TAVI, both TFA and TAA were associated with lower 30-

day and 1-year rates of MAE compared with TTA, but 1-year stroke/TIA rates were higher with 

TAA compared with TFA.  
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CONDENSED ABSTRACT 

 

In a multicenter international registry, we compared clinical outcomes among 1,707 patients with 

peripheral artery disease (PAD) undergoing transcatheter aortic valve implantation (TAVI) with 

transfemoral access after percutaneous treatment (TFA), transthoracic access (TTA), and non-

femoral, non-thoracic alternative access (TAA; mainly transaxillary access). Compared with TTA, 

both TFA and TAA were associated with significantly lower 30-day and 1-year rates of composite 

major adverse events. TFA compared with TAA was associated with similar early and late rates of 

composite outcomes, but TFA had a lower risk of cerebrovascular events, a finding confined to 

patients with less severe PAD. 
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ABBREVIATIONS 

 

MAE: major adverse events 

PAD: peripheral artery disease 

TAA: trans-alternative access  

TAVI: transcatheter aortic valve implantation  

TFA: transfemoral access  

TTA: transthoracic access  
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INTRODUCTION 
 

Natural history, epidemiology, and prognosis of aortic stenosis 

Valvular aortic stenosis (AS) is the most common primary valve disease in Europe and 

North America in the elderly.(1) AS is characterized by thickening and calcification of the aortic 

valve cusps, which leads to reduced systolic valve mobility and consequently to left ventricle 

pressure overload.(2) The disease has three principal causes: calcification of a normal trileaflet 

valve (defined as calcific aortic stenosis, which is the most common in Europe and North America), 

congenital bicuspid valve with superimposed calcification and rheumatic disease (nowadays mostly 

diagnosed in developing countries).  

In Europe and North America, AS prevalence is estimated at approximately 2% among 

individuals aged 70–80 years, rising to 3–9% after the age of 80 years, and is increasingly 

diagnosed in developed countries due to an ageing population. (3,4) 

In adults with calcific AS, a significant burden of leaflet disease is usually present before 

obstruction to outflow develops, a condition called valve sclerosis. Among patients with mild valve 

thickening but no outflow obstruction, 16% will have valve obstruction at 1 year of follow-up, but 

only 2.5% will develop severe valve obstruction at an average of 8 years after the diagnosis of 

aortic sclerosis.(2) 

The most frequent clinical presentation in patients affected by AS is a gradual decrease in 

exercise tolerance, fatigue, or exertional dyspnea, followed by angina (usually precipitated by 

exertion and relieved by rest), syncope and finally, heart failure. 

Symptoms related to AS usually begin at age 50 to 70 years in patients with bicuspid aortic 

valve stenosis and after 70 years in those with calcific stenosis of a trileaflet valve, even if in this 

age group many patients with AS have a undiagnosed congenital bicuspid valve. (5) 

Patients are often diagnosed before symptom onset on the basis of the finding of a systolic 

murmur on physical examination with the diagnosis subsequently confirmed. In current clinical 

practice, echocardiography represents the gold standard to diagnose and evaluate the degree of AS. 

With this approach, severe AS is defined by an aortic valve area ≤ 1.0 cm2 (≤ 0.6 cm2/m2 body 

surface area) and, in subjects with normal flow rates (indexed stroke volume > 35 mL/m2), by the 

presence of a peak aortic jet velocity ≥  4.0 m/s and a mean trans-aortic valve gradient ≥ 40 mmHg. 

In subject with reduced indexed stroke volume (≤ 35 mL/m2) severity estimation can be more 

challenging as aortic valve area can be estimated  ≤ 1.0 cm2 even in presence of low aortic jet 

velocity and low mean trans-aortic valve gradient. In this condition, which is defined as low 
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flow/low gradient AS, prognosis is significantly worse than in patient with normal iSV, and left 

ventricular ejection fraction (LVEF) should be carefully assessed. If LVEF is reduced (< 50%), an 

echo-dobutamine stress test should be performed in order to distinguish between a true LF/LG 

severe AS from pseudo severe LF/LG AS.(6) Otherwise, if LVEF is preserved, AS evaluation can 

be even more challenging, and a careful global assessment of ventricles and valves function should 

be performed to explain SV reduction. For this latter condition, which is defined paradoxical LF/LG 

AS, prognosis is significantly worse than in patient with normal iSV.(6) 

Expected survival for patients with severe symptomatic AS will differ somewhat based on 

the age, number of comorbidities, and severity of heart failure of the cohort examined, but once 

even mild symptoms are present, survival is poor unless outflow obstruction is relieved. Once 

moderate to severe AS is present, prognosis remains excellent in asymptomatic patients. However, 

the progressive nature of the disease warrants close follow-up. (2) In symptomatic patients with 

severe AS, average survival without any surgical or percutaneous intervention is only 1 to 3 years 

after symptom onset (7,8), with a 1- and 5-year survival rates of 60% and 32%, respectively (9), but 

is also related to the severity of symptoms, being worse in patient with syncope and heart failure. 

(10)  

 

Treatment: aortic valve replacement  

In the past, surgical aortic valve replacement (AVR), which consists in the replacement of 

the native aortic valve with a prosthetic biological or mechanical valve, was the only interventional 

approach to AS. AVR ameliorate symptoms and improves survival in subjects with AS and, in the 

absence of serious coexisting conditions, the procedure is associated with low operative mortality 

that, for ideal candidates, is estimated 4%. (11-14) However, in clinical practice, at least 30% of 

subjects with severe AS are deemed not suitable for AVR because of an unacceptable surgical risk, 

owing to advanced age, comorbidities and left ventricular dysfunction. (8) 

 

Treatment: balloon aortic valvuloplasty 

In 1986, balloon aortic valvuloplasty (BAV) was introduced as an alternative to AVR  in 

elderly patients. (15) Briefly, BAV procedure consist in the dilation of a stenotic aortic valve using 

an expandable balloon that is delivered and then dilated into the aortic annulus using a retrograde 

trans-femoral arterial approach. Femoral access is obtained with a 8 to 12 Fr sheath depending on 

the balloon diameter, which usually ranges from 20 to 25 mm. (16) The primary mechanism of the 

balloon action is the fracture of the nodular calcium deposits, which improves leaflet mobility 
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during left ventricular contraction. (17) Few years after the introduction of BAV in clinical practice, 

the early excitement for this procedure disappeared after recognition of the problem of restenosis. In 

fact, BAV demonstrated to provide only temporary benefit in terms of symptoms and only a modest 

survival improvement associated with a relatively high complication rate. (18,19) Nowadays, BAV 

is used to palliate the symptoms of severe aortic stenosis and as a bridge to more definitive therapy 

when benefit is uncertain. 

 

Treatment: transcatheter aortic valve implantation 

Sixteen years after the first BAV was performed, the introduction of transcatheter aortic 

valve implantation (TAVI) in 2002 by Professor Cribier has represented a breakthrough in the 

management of patients with symptomatic severe aortic stenosis. (20) TAVI consists in the 

percutaneous transcatheter implantation of an aortic valvular bio-prosthesis that is delivered under 

fluoroscopic guidance at the level of the native valve through different accesses. Even if a trans-

apical, trans-aortic, trans-carotid, trans-subclavian or trans brachiocephalic artery access are 

possible, the safest and the most investigated approach is the retrograde transfemoral access (see 

below). Transfemoral procedure can be performed in the cardiac catheterization laboratory or in the 

hybrid operating room and can be executed under general anesthesia, conscious sedation, or local 

anesthesia. Before arterial femoral access for valve delivery is obtained using an 8-Fr sheath, a 

secondary (radial or femoral) arterial access is needed for aortic angiography with a 5- to 6-Fr 

pigtail catheter, and a venous sheath is inserted for right ventricle rapid pacing that is useful to 

facilitate valve deployment. Femoral arterial access can be pre-closed with suture mediated devices, 

as two Proglide (Abbott Vascular, Abbott Park, IL). Ascending aortic angiography is performed in 

the so called “working projection” that places all aortic cusps in line and perpendicular to the image 

intensifier. Usually, the working projection is easily previously determined using three-dimensional 

reconstruction systems. With the guidewire in the aorta, the previously inserted 8-Fr sheath is 

removed and serial dilation of the femoral and iliac arteries is performed with arterial dilators of 

increasing size before the delivery system is inserted. After the patient is anticoagulated with 

heparin (100 IU/kg), the native aortic valve is crossed using an AL-1 or 2 catheter and a straight 

guidewire, as for BAV procedure. An extra-stiff guidewire is then exchanged through the AL 

catheter that is withdrawn while maintaining the distal wire extremity in the left ventricle.  Before 

valve deployment, BAV could be performed. The prosthesis and delivery system are then advanced 

through the sheath over the extra-stiff wire until it reaches the ascending aorta. After confirmation 

of the appropriate location with angiography, the valve is deployed during rapid right ventricular 
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pacing (180-200 bpm for usually less than 15 seconds).  The transvalvular pressure gradient can 

finally be measured and paravalvular leaks evaluated by angiography and/or echocardiography. (16) 

 

Type of transcatheter bio-prosthesis 

Currently, there are several types of transcatheter bio-prosthesis available, which can mostly 

be divided in two main categories: balloon-expandable valves, of which the most frequently 

implanted are part of the Sapien series (Edwards Lifescience) and the Self-expandable valves, of 

which the most diffused are the CoreValve and its more recent and upgraded version, the Evolute 

PRO plus (Medtronic). At the moment, Edwards and Medtronic valves performances have been 

tested in the largest trial on percutaneous transcatheter bio-prosthesis available so far (see below). 

The Sapien bio-prosthesis represents the first generation of balloon expandable valve and it 

is an evolution of the device firstly implanted in 2002 by Professor Cribier. This valve consist of a 

bio-prosthetic valve, a balloon catheter on which the prosthesis is mounted, and a crimping tool. 

The prosthesis is a trileaflet bio-prosthesis made of bovine pericardium that is mounted in a 

balloon-expandable stainless-steel stent which has a fabric cuff placed on the external side that 

covers one half of the frame, limiting stent expansion and containing paravalvular leaks. Because of 

the absence of any sewing ring, the valve is oversized for the aortic annulus to ensure stability after 

deployment. The valve is mounted on a balloon with a diameter that corresponds to the prosthesis 

size. At its distal end, it has a nose cone that facilitates crossing the native. The crimping tool is 

needed to manually compress the prosthesis symmetrically on the balloon. The delivery system of 

the valve consists of a catheter with a deflectable tip that changes direction rotating an actuator 

incorporated in the handle. The entire system is introduced through a sheath with an hydrophilic 

coating that extends into the abdominal aorta to decrease vascular complications. When the 

prosthesis reaches the aortic annulus, balloon inflation allows valve deployment. The first model of 

the Sapien series required a transfemoral 22- and 24-Fr sheath for the 23- and 26-mm valves, 

respectively, while the most recent Sapien series device, the Sapien 3 Ultra, only requires a 14 F 

expandable sheath (16 F for the largest - 29 mm - bio-prosthesis). 

Regarding the self-expandable CoreValve bio-prosthesis (Medtronic, Minneapolis, MN), it 

was first implanted in man in 2004 (21). Since the first implantation of this device, several 

technologic improvements and many generations of the CoreValve transcatheter heart valve have 

been developed. The last-generation CoreValve is made of three components: a self-expanding 

nitinol support frame with cells configured in a diamond design which contains a trileaflet porcine 

pericardial tissue valve, an 18-Fr delivery catheter and a disposable loading system. The nitinol 
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frame has an hourglass design and offer three different levels of radial and hoop strength. The frame 

inflow exerts a high radial expansive force to secure the frame in the aortic annular location that 

prevents annular recoil and allows the frame to partially conform to the noncircular shape of the 

aortic annulus, preventing frame migration and minimizing the occurrence of paravalvular leaks. 

The central portion of the frame had and high hoop strength to resists size and shape deformation, 

which is critical because this portion of the frame contained the supra-annular valve leaflets. The 

concave shape at this location was also needed to avoid coronary ostia, and to allows coronary 

cannulation after implantation. Finally, the outflow portion of the frame exerted low radial forces 

and orients the frame into the aorta. Mainly because of a relatively high incidence of 

atrioventricular block after CoreValve implantation, the second-generation device - Medtronic’s 

CoreValve Evolut R System - was designed to reduce the overall height of the prosthesis and, to 

allow a more secure seal against para valvular leak, the height of the pericardial skirt was enhanced. 

This new device has an innovative delivery catheter system (EnVeo R) that allowed the valve to be 

recaptured and repositioned during deployment. Furthermore, differently from the Sapien valves, 

the built-in in-line sheath eliminated the need of an additional access sheath, reducing the overall 

profile of the delivery system down to 14-Fr equivalent sheath. Evolut Pro Plus is the last upgraded 

version of the Evolut platform. These new devices house an external pericardial wrap which further 

reduces paravalvular leaks. This latest technology is currently available for the 23, 26, 29 mm and 

34 mm sizes but needs a larger introducer sheath (16-Fr vs. 14-Fr) for the 34 mm. (16,22) 

 

TAVI in patients who cannot undergo surgery 

The safety and efficacy of TAVI, compared to a conservative approach in patients deemed 

inoperable, has been investigated in two landmark studies: the PARTNER I cohort B trial and the 

Safety and Efficacy study of the Medtronic CoreValve System. (23,24). 

Partner IB was a multicenter trial randomizing 358 patients to either TAVI with the Sapien 

Heart Valve System (Edwards Lifesciences) or standard therapy including balloon aortic 

valvuloplasty. At 1-year follow-up, all-cause mortality (the primary endpoint of the study) was 

significantly lower with TAVI compared to standard therapy, with an absolute risk difference of 

20% between the two treatment arms (30.7 vs. 50.7%, P <0.001). TAVI was also associated with 

significantly lower rates of the composite of all-cause mortality or repeat hospitalization compared 

to standard therapy (42.5 vs. 71.6%, P <0.001). On the other hand, TAVI was associated with 

higher rates of major vascular complications (16.2 vs. 1.1%, P <0.001) and higher 1-year rates of 

stroke or TIA (10.6 vs. 4.5%, P=0.04). Similar results were apparent at 5-year follow up, with a 
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maintained absolute risk difference of about 20% in all-cause mortality between the two treatment 

arms (71.8% in the TAVI group vs. 93.6% in the control group, P <0.0001). 

The safety and efficacy of the CoreValve transcatheter heart valve system (Medtronic) for 

the treatment of severe aortic valve stenosis in patients at extreme risk for surgery was evaluated in 

a prospective, multicenter, non-randomized registry including 41 U.S. sites and 506 patients. The 

primary endpoint of the study was a composite of all-cause mortality or major stroke at 12 months, 

which was compared with a pre-specified objective performance goal. The rate of all-cause 

mortality or major stroke at 1 year was 26.0% with TAVI vs. 43.0% of the optimal performance 

goal (P <0.0001). Individual 1-year rates of mortality and stroke with TAVI were 24.3% and 4.3%, 

respectively. 

Thus, these two studies provided for the first time an evidence that TAVI is a valuable 

treatment for a category of patients with no surgical option and a poor expectation of life. 

 

TAVI in high surgical risk patients 

Few years later, two paramount trials have investigated the relative safety and efficacy of 

TAVI vs. AVR in patients at high surgical risk, defined as an STS score >8: the PARTNER I cohort 

A and the US Corevalve trial. (25,26) 

The PARTNER I cohort A was a multicenter trial randomizing 699 high-risk patients to 

either TAVI with Sapien Heart Valve System (Edwards  Lifesciences) or surgical AVR. The 

primary objective of the study was to demonstrate the non-inferiority of TAVI vs. AVR for the 

primary endpoint of all-cause mortality at 1-year follow-up. The rates of death from any cause were 

3.4% in the TAVI group and 6.5% in the surgical group at 30 days (P=0.07), with 24.2 vs. 26.8%, 

respectively, at 1 year; p non-inferiority=0.001). One-year stroke rates trended higher in the TAVI 

group compared to AVR (5.1 vs. 2.4%, respectively; P=0.07). Finally, TAVI was associated with 

higher rates of vascular complications, whereas AVR was associated with higher rates of bleeding 

and new-onset atrial fibrillation. Similar results were apparent at 5 years. Specifically, death rates 

were 67.8% with TAVI vs. 62.4% with AVR (P=0.76). No structural valve deterioration requiring 

surgical valve replacement was apparent in either group. Moderate or severe aortic regurgitation 

occurred in 14% of patients in the TAVI group and in 1% of the AVR group (P <0.0001) and was 

associated with increased 5-year risk of mortality in the TAVI group. 

The U.S. Corevalve is a multicenter trial randomizing 795 high-risk patients to either TAVI 

with the self-expandable CoreValve (Medtronic) or surgical AVR. At 1-year follow-up, compared 

to AVR, TAVI was associated with significantly lower rates of all-cause mortality (14.2 vs. 19.2%, 
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P=0.04), the primary endpoint of the study. The rate of major adverse cardiovascular and 

cerebrovascular events at 1 year was also significantly lower in the TAVI group than in the surgical 

group (20.4 vs. 27.3%, P=0.03). The rates of any stroke were 4.9% in the TAVI group and 6.2% in 

the surgical group at 30 days (P=0.46) and 8.8 vs. 12.6%, respectively, at 1 year (P=0.10). At 3-year 

follow-up, rates of death or stroke were again significantly lower with TAVI compared to AVR 

(37.3 vs. 46.7%, P=0.006). Adverse clinical outcome components were also reduced in TAVI 

patients compared with AVR patients, including all-cause mortality (32.9 vs. 39.1%, P=0.068), all 

stroke (12.6 vs. 19.0%, respectively; P=0.034), and major adverse cardiovascular or cerebrovascular 

events (40.2 vs. 47.9%, P=0.025). In addition, the aortic valve hemodynamic was more favorable in 

TAVI patients, without differences in structural valve deterioration. In summary, TAVI resulted 

non-inferior or even superior to AVR in patients with an STS score >8%.  

 

TAVI in intermediate surgical risk patients 

After the encouraging results obtained by PARTNER I and U.S. Corevalve trials, two 

randomized controlled trials have been performed with different valve systems in intermediate (STS 

4-8%) risk patients: PARTNER II and SURTAVI (27,28) 

The PARTNER II is a multicenter randomized trial assigning 2,032 intermediate-risk 

patients with severe AS to either the Sapien XT valve (Edwards LifeSciences) or AVR. The study 

had a non-inferiority design, and the primary end point was death from any cause or disabling 

stroke at 2 years, which occurred in 19.3% of patients in the TAVI group vs. 21.1% in the surgery 

group (hazard ratio [HR]=0.89, 95% CI 0.73-1.09; P=0.25). In the transfemoral access cohort, 

TAVI resulted in lower rates of death or disabling stroke than surgery (HR=0.79, 95% CI 0.62-1.00; 

P=0.05), whereas in the transthoracic-access cohort, no significant differences were apparent 

between TAVI vs. AVR. TAVI resulted in larger aortic valve areas compared with surgery and also 

in lower rates of acute kidney injury, severe bleeding, and new-onset atrial fibrillation; on the other 

hand, surgery resulted in fewer major vascular complications and less paravalvular aortic 

regurgitation. 

The SURTAVI was a multicenter, randomized trial assigning 1,746 Intermediate-risk 

patients with severe aortic valve stenosis to either the self-expanding Core-Valve bio-prosthesis or 

AVR. The primary endpoint of the study was a composite of death from any cause or disabling 

stroke at 2 years and the study had a non-inferiority design. At 2 years, event rates were 12.6% in 

the TAVR group and 14.0% in the AVR group (95% CI for difference: -5.2 to 2.3%; posterior 

probability of non-inferiority, >0.99). Surgery was associated with higher rates of acute renal 
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failure, atrial fibrillation, and transfusion requirements, whereas TAVI had higher rates of residual 

aortic valve regurgitation and need for pacemaker implantation; TAVI resulted in lower mean 

gradients and larger aortic-valve areas than surgery. In summary, transfemoral TAVI was non-

inferior to AVR for the treatment of intermediate-risk patients. 

 

TAVI in low surgical risk patients 

Finally, two ambitious trials have investigated the safety and efficacy of TAVI vs. AVR in 

patients at low surgical risk, defined as an STS score <4: the PARTNER III and the Evolut Low 

Risk.(29,30) 

The PARTNER III is a multicenter randomized trial assigning 1000 low-risk patients with 

severe AS to either the Sapien 3 valve (Edwards LifeSciences) or AVR. The study had both a non-

inferiority and superiority design, and the primary end point was a composite of death from any 

cause, disabling stroke or prehospitalization at 1 years, which occurred in 8.5% of patients in the 

TAVI group vs. 15.1% in the surgery group (absolute diff –6.6%, 95% CI -10.8 to -2.5; P<0.001 for 

non-inferiority; HR 0.54; 95% CI 0.37 to 0.79; P=0.001 for superiority). At 30 days, TAVI patients 

had a lower rate of stroke than AVR (P=0.02) and in lower rates of death or stroke P=0.01) and 

new-onset atrial fibrillation (P<0.001). TAVI was also related to a shorter index hospitalization than 

surgery (P<0.001. No significant differences in major vascular complications, new permanent 

pacemaker insertions, or moderate or severe paravalvular regurgitation was apparent. 

The Evolute low risk trial was a randomized non-inferiority trial in which 1468 patients who 

had severe aortic stenosis and were at low surgical risk were randomized to TAVI with a self-

expanding bio-prosthesis (CoreValve, Evolut R or Evolut PRO, Medtronic) or AVR. When 850 

patients reached 12-month follow-up, data regarding the primary end point, a composite of death or 

disabling stroke at 24 months, were analysed using Bayesian methods. The 24-month estimated 

incidence of the primary end point was 5.3% in the TAVI group and 6.7% in the AVR (difference, 

−1.4 percentage points; 95% Bayesian credible interval for difference, −4.9 to 2.1; posterior 

probability of non-inferiority >0.999). At 30 days, patients in the TAVI arm had a lower incidence 

of disabling stroke (0.5% vs. 1.7%), bleeding complications (2.4% vs. 7.5%), acute kidney injury 

(0.9% vs. 2.8%), and atrial fibrillation (7.7% vs. 35.4%) and a higher incidence of moderate or 

severe aortic regurgitation (3.5% vs. 0.5%) and pacemaker implantation (17.4% vs. 6.1%). At 12 

months, patients in the TAVI arm had lower aortic-valve gradients (8.6 mm Hg vs. 11.2 mm Hg) 

and larger effective aortic valve areas (2.3 cm2 vs. 2.0 cm2). 
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Even if the outstanding results of these two trials could appear exciting, they have to be 

interpreted with caution, mainly because of the relatively short follow up that do not give sufficient 

information on the durability of the percutaneous prosthesis as compared with surgically implanted 

bio-prosthesis. 

 

Current indication to TAVI 

At the moment, TAVI is indicated in selected patients affected by symptomatic severe AS. 

The choice between TAVI or AVR must be made considering technical suitability and weighing 

risks and benefits of each intervention. AVR is still recommended as the first choice in patients at 

low surgical risk (STS or EuroSCORE II < 4% or logistic EuroSCORE I < 10% and no other risk 

factors such as frailty, porcelain aorta or sequelae of chest radiation). Conversely, the decision 

between AVR and TAVI should be made by the Heart Team according to the individual patient 

characteristics in subjects who are at increased surgical risk (STS or EuroSCORE II >/= 4% or 

logistic EuroSCORE I >/= 10% or other risk factors such as frailty, porcelain aorta or sequelae of 

chest radiation), favoring TAVI in elderly patients suitable for transfemoral access.(1) 

 

The femoral artery is the most widely vascular access route used for transcatheter aortic 

valve implantation (TAVI), but in approximately 5% to 10% of cases transfemoral access (TFA) is 

not possible due to severe peripheral artery disease (PAD), tortuosity of the iliofemoral arteries in 

combination with calcified lesions, aortic aneurysm, or previous vascular surgery (31,32). In these 

cases, non-femoral routes are used such as transapical access, transaortic access, transaxillary 

access, transcarotid access, transbrachiocephalic access, and transcaval access. Although several 

TAVI studies have reported better outcomes using the transfemoral approach compared with the 

transapical and transaortic approaches, these studies compared different patient populations; most 

transfemoral-treated patients had minimal or absent PAD, whereas most transapical-treated and 

transaortic-treated patients had severe PAD (33-35). Percutaneous techniques such as intravascular 

lithotripsy are now increasingly used to treat severe PAD prior to TAVI (36). Thus, in patients with 

severe PAD three options are currently available for TAVI: 1) TFA following percutaneous 

treatment of PAD (with transluminal angioplasty, lithotripsy or iliofemoral stenting); 2) 

transthoracic access (TTA) including the transapical and transaortic approach; and 3) non-femoral, 

non-thoracic trans-alternative access (TAA), including the transaxillary, transcarotid, 

transbrachiocephalic, and transcaval access routes. The relative safety and effectiveness of these 

alternative access routes for TAVI in patients with severe PAD is unknown. We therefore 
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performed a multicenter, international, registry examining the outcomes of TAVI in patients with 

severe PAD using alternative access routes. In addition, we examined the outcomes of each 

approach according to the extent and severity of PAD using a novel PAD risk score.       
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METHODS 
 

Study design and objectives. The Hostile registry was a multicenter, international study 

including retrospective and prospective data collection in patients with severe PAD undergoing 

TAVI. This “all-comers” registry included consecutive patients undergoing TAVI with “hostile 

femoral access”, defined as extensive bilateral iliofemoral PAD so severe as to require either PAD 

intervention prior to femoral access (either with percutaneous transluminal angioplasty (PTA), 

stenting or lithotripsy to enable TAVI through the femoral approach) or TAVI via alternate (non-

femoral) access. Patients undergoing unplanned PTA or stenting as a rescue or bailout procedure, 

those with aortic aneurysm, large thrombus in the aorta, or TAVI via TFA not requiring PTA 

despite severe PAD were not included in the registry. There were no other exclusion criteria. 

Prospective recruitment of patients undergoing TAVI was performed at 28 international centers 

between June 2021 and February 2022 after local ethics committee approval and with written 

informed patient consent. Data from consecutive patients at participating centers were also 

retrospectively entered into the registry between January 2015 and February 2022 under the rules 

and governance of the local ethics committee for use of de-identified data.   

Patients were stratified into three groups according to the access route used: the TFA group, 

the TTA group (which included patients treated through transapical or transaortic access routes), 

and the TAA group (which included patients treated through transaxillary, transcarotid, 

transbrachiocephalic, or transcaval access routes). The principal objective of the study was to 

compare 30-day and 1-year clinical outcomes between the three different access routes. Main 

analyses were performed in the overall cohort of patients included in the registry. Secondary 

analyses were performed in the population stratified by the severity and extension of PAD, using a 

pre-specified novel risk score (the Hostile score) that was derived to numerically appraise the 

severity of PAD potentially related to adverse femoral access complications. Briefly, each 

iliofemoral artery was divided into 3 segments as shown in Supplemental Figure 1 (thus 6 segments 

in total). Points were attributed to the anatomic variables shown in Supplemental Table 1 and in 

Supplemental Figure 2. A score of anatomic complexity was generated for each patient by summing 

points attributed to each variable (Hostile iliofemoral risk score). This score could range from 0 to 

39 points. Outcomes were then analyzed in patients stratified according to the median value of the 

score.  
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Endpoints and definitions. The primary endpoint of the study was the propensity-adjusted 

30-day rate of major adverse events (MAE) defined as the composite of all-cause mortality, 

stroke/transitory ischemic attack (TIA) , or main access site-related Valve Academic Research 

Consortium (VARC) 3 major vascular complications. Secondary endpoints were the primary 

endpoint at 1 year and the components of the primary endpoint, cardiac mortality, stroke, 

myocardial infarction, VARC 3 major bleeding complications, and VARC 3 any bleeding 

complications at 30 days and 1 year.  All clinical endpoints were defined according to the VARC 3 

definitions (37).  

 

Statistical analysis. Continuous variables are reported as means with standard deviation and 

were compared with the Student t-test, Mann Whitney test, ANOVA test, or Kruskal-Wallis test, as 

appropriate. Categorical variables are reported as counts and percentages and were compared using 

the χ2 statistic. Survival analyses were performed using the Kaplan-Meier method and differences 

between groups were analyzed with the log-rank test. To adjust for possible confounders, Cox 

regression multivariable analyses were performed adjusting for multiple treatment propensity score, 

generated as previously described (38). Briefly, multiple treatment propensity scores weights were 

estimated using generalized boosted models through an iterative estimation procedure (n= 10,000), 

using all related baseline characteristics. The method was applied by means of TWANG (Toolkit 

for Weighting and Analysis of Nonequivalent Groups) package of the R software (https://cran.r-

project.org/web/packages/twang). The propensity score contained both clinical and anatomic 

variables as specified in Supplemental Table 2. To assess the overall balance of covariates included 

in the propensity score we calculated the summary measure by taking the maximum of the 

standardized mean differences for each treatment.  

To analyze the impact of anatomic variables on the adjusted risk of mortality, and to 

compare the results of this study with previous reports (33,34), sensitivity analyses were performed 

adjusting for clinical variables only. In addition, Cox regression multivariable analyses were 

performed stratifying patients according to the median value of the Hostile score and adjusting for a 

propensity score containing clinical variables only (Supplemental Table 2). We also tested for 

interactions between the access route and the Hostile score. To identify independent predictors of 

mortality and stroke at 1-year, Cox regression models were generated using a stepwise model with 

entry criteria set at p-value <0.05 and exit criteria set at p-value <0.1. The following variables were 

included in the model: age, sex, diabetes, left ventricular ejection fraction (LVEF), coronary artery 

disease (CAD), prior stroke, prior percutaneous coronary intervention (PCI), prior coronary artery 



17 

 

bypass grafting (CABG) surgery, prior myocardial infarction (MI), atrial fibrillation, renal 

dysfunction, NYHA functional class, Hostile score, and Society of Thoracic Surgeons (STS) score. 

Missing data were imputed as previously described (39). Two-sided p values <0.05 were considered 

statistically significant. Statistical analyses were performed using Stata/IC 16.1 for Windows 

(StataCorp, College Station, Texas) and R version 4.0.3 (https://www.r-project.org). 

 

RESULTS 
 

Patients. Between January 2015 and February 2022, 1,707 patients with hostile femoral 

access underwent TAVI at 28 international centers, 518 (30.3%) with TFA, 642 (37.6%) with TTA, 

and 547 (32.0%) with TAA. The number of TAVI by access route in each contributing center is 

reported in Supplemental Table 3. Among the 518 patients in the TFA group, 183 (35.3%) were 

treated with lithotripsy prior to TAVI and 335 (64.7%) were treated with PTA alone. Stent use was 

not captured in the dataset. Among the 642 patients in the TTA group, 582 (90.7%) were treated 

with transapical access and 60 (9.3%) were treated with transaortic access. Among the 547 patients 

in the TAA group, 503 (92.0%) were treated via transaxillary access (406 (83.4%) left side and 81 

(16.6%) right side; side not specified in 16 cases), 18 (3.3%) were treated transcarotid access, 10 

(1.8%) were treated transbrachiocephalic access, and 16 (2.9%) were treated transcaval access. 

Clinical and procedural characteristics of patients according to access route are reported in 

Table 1 and 2. TTA patients more frequently had prior CABG, prior stroke, and CAD compared 

with the other two groups. TFA and TAA patients more frequently had chronic kidney disease and 

lower LVEF compared with TTA patients. As shown in Supplemental Table 4, iliofemoral artery 

disease was more severe and extensive in TTA and TAA patients compared with TFA patients, with 

a greater number of diseased segments, longer lesions, and more calcified and tortuous lesions. The 

median value of the Hostile score in the entire population was 8.5 (interquartile range 6.5-9.5). 

Clinical characteristics of patients stratified by the access route and Hostile score are shown in 

Supplemental Table 5. Examples of patients with low and high Hostile score are reported in 

Supplemental Figure 3. Eighty-three patients (4.9%) were lost at 1-year follow up and therefore 

their outcomes were censored at the time of last contact, Median follow up was 370 days 

(interquartile range 132 - 370 days). The overall balance of covariates included in the propensity 

score is reported on Supplemental Table 6.  All values of the balance metric lied below 0.12 

indicating a small difference among treatment groups.  
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Thirty-day clinical outcomes. Clinical outcomes at 30 days are reported in Supplemental 

Table 7 and Figure 1. MAE rates at 30 days were 37.9% in TTA patients, 23.0% in TFA patients, 

and 23.9% in TAA patients (p<0.0001), driven largely by differences in main access site-related 

major vascular complications. After propensity score adjustment, both TFA (adjusted HR=0.58, 

95% CI 0.45-0.75) and TAA (adjusted HR=0.60, 95% CI 0.47-0.78) were associated with lower 30-

day rates of MAE compared to TTA (Table 3). After adjusting for the year in which TAVI was 

performed, results did not significantly change (adjusted HR of TFA vs TTA=0.57, 95% CI 0.43-

0.77; adjusted HR of TAA vs TTA= 0.56, 95% CI 0.41-0.75). TAA was, however, associated with 

higher rates of stroke/TIA compared with TTA (5.9% versus 2.3%, respectively; adjusted HR= 

2.62, 95% CI 1.24-5.52) and TFA (5.9% versus 2.8%, respectively; adjusted HR=2.00, 95% CI 

0.97-4.14, p=0.06). Adjusted HRs for other clinical outcomes are reported in Table 3 and Figure 1. 

In sensitivity analyses excluding patients treated through the transcaval approach, results did not 

significantly change (Supplemental Table 8). Finally, rates of stroke were 6.3% with the right 

transaxillary approach versus 3.7% with the left transaxillary approach (HR= 1.14, 95% CI 0.37-

3.57; p=0.82).   

 

One-year clinical outcomes. Clinical outcomes at 1 year are reported in Supplemental 

Table 9 and Figure 2. MAE at 1-year occurred in 44.7%, 29.1% and 28.2% of TTA, TFA, and TAA 

patients respectively (p<0.0001). After propensity score adjustment, both TFA (adjusted HR=0.65, 

95% CI 0.51-0.83) and TAA (adjusted HR=0.60, 95% CI 0.47-0.77) were associated with lower 1-

year rates of MAE compared with TTA (Table 4). TAA was associated with lower rates of all-cause 

mortality compared with TTA (11.3% versus 19.8%, respectively; adjusted HR=0.52, 95% CI 0.34-

0.81), but higher rates of stroke/TIA compared with both TTA (6.8% versus 3.1%; adjusted 

HR=2.14, 95% CI 1.09-4.17) and TFA (6.8% versus 3.1%; adjusted HR=0.49, 95% CI 0.24-0.98). 

Adjusted HRs for other clinical outcomes are reported in Table 4 and Figure 2. In sensitivity 

analysis using the propensity score generated with clinical variables only, TFA was associated with 

lower rates of all-cause mortality compared with TTA (adjusted HR=0.61, 95% CI 0.43-0.86). In 

sensitivity analyses excluding patients treated through the transcaval approach, results did not 

significantly change (Supplemental Table 10). 

 

Impact of the Hostile score. Kaplan-Meier estimates of 30-day and 1-year risks stratified 

by the median Hostile score (low risk: score ≤8.5; high risk: score >8.5) are reported in the Figure 3 

and in Supplemental Tables 11 and 12, and adjusted HRs with relative interactions are reported in 
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Tables 5 and 6. A high Hostile risk score (>8.5) was not an independent predictor of 30-day death 

in any of the three access groups but was an independent risk factor for 1-year death after TAVI via 

TFA (Supplemental Tables 13 and 14). In addition, a high Hostile score was an independent 

predictor of 30-day and 1-year stroke in TFA patients, but not in TTA or TAA patients. Significant 

interactions were present between access site and stroke and stroke/TIA risk, particularly as regards 

TFA (Figure 4). Compared with TTA, TFA was associated with a higher adjusted risk of stroke in 

patients with high Hostile scores but similar risks in those with low Hostile scores (Pinteraction=0.02 at 

30 days and Pinteraction=0.008 at 1 year). Compared with TAA, TFA was associated with a similar 

adjusted risk of stroke/TIA in patients with high Hostile scores but lower risks in those with low 

Hostile scores (Pinteraction=0.02 at 30 days and Pinteraction=0.049 at 1 year). Finally, TFA was 

associated with lower rates of 1-year all-cause mortality compared with TTA in patients with low 

Hostile score (adjusted HR= 0.61, 95% CI 0.39-0.97), although the interaction term did not reach 

statistical significance (Pinteraction=0.39). In sensitivity analyses excluding patients treated through 

the transcaval approach, results did not significantly change (Supplemental Table 15 and 16). 
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DISCUSSION 
 

In the present large-scale multicenter registry, we investigated clinical outcomes of patients 

with severe bilateral PAD undergoing TAVI with TFA (after percutaneous iliofemoral treatment), 

TTA, or TAA. The major findings of this study are as follows: 1) At 30 days and 1 year, both TFA 

and TAA were associated with lower rates of MAE compared with TTA, driven largely by fewer 

major access-site related vascular complications; 2) At 1-year, TAA was associated with lower rates 

of all-cause mortality compared with TTA, but with higher rates of stroke/TIA compared with both 

TTA and TFA; 3) A novel risk score quantitating the severity and extent of PAD (the Hostile score) 

was an independent predictor of all-cause mortality and stroke with TFA, but not with TTA or 

TAA; and 4) Significant interactions were apparent between the Hostile score and access route, 

such that in patients with low Hostile scores TFA was associated with reduced MAE and mortality 

compared with TTA and reduced rates of stroke/TIA compared with TAA, whereas in patients with 

high Hostile scores TFA was associated with a higher stroke risk compared with TTA and similar 

stroke risk compared with TAA. As such the Hostile score may be a clinically useful risk 

stratification tool to guide access site selection in patients with severe PAD. The present study 

suggests that in patients with a low Hostile risk score, percutaneous iliofemoral treatment (if 

possible) prior to TAVI with TFA may be the preferred approach, whereas in those with a high 

Hostile risk score in whom a high risk of stroke is portended after TFA, an alternative TAVI access 

route (in most cases TAA rather than TTA) is warranted. 

To our knowledge the present report is the first to examine the outcomes of different access 

approaches in patients with severe PAD undergoing TAVI. Previous studies have in fact suggested 

that TFA is associated with better outcomes than TTA, but these studies compared different patient 

population. TFA-treated patients were in fact free from significant PAD, whereas TTA-treated 

patients had severe PAD, challenging the interpretation of the outcomes in these two groups 

(25,34). Thus, there is no doubt that the femoral access route is the established default approach for 

patients undergoing TAVI with suitable femoral arteries, but it remains undetermined whether the 

same is true in patients with severe PAD.   

In the early years of TAVI, patients with suboptimal iliofemoral access were treated using 

the transapical or transaortic approach, but complications related to these access routes were 

frequent, prompting the development of additional non-femoral alternative access routes, including 

transaxillary, transcarotid, transbrachiocephalic, and transcaval approaches (40,41). Concurrently, 

improving PTA technique and the introduction of novel technologies including intravascular 
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lithotripsy have made possible TFA to TAVI patients who were previously deemed unsuitable for 

the femoral approach (36). However, no study has ever investigated how these different approaches 

compare each other in patients with severe PAD undergoing TAVI.          

Recently Bansal et al. reported significantly lower rates of mortality with TFA compared 

with non-TFA approaches in a large registry including 4,397 patients undergoing peripheral 

interventions during the same admission as TAVI, thus also including patients with iatrogenic 

peripheral complications. There are several aspects unique to our study: the stratification of 

nonfemoral access in TTA and TAA, the restriction of analyses to patients with severe PAD only, 

the characterization of the extent and severity of PAD in each group, and the stratification of results 

in relation to the severity of PAD. Similar to the Bansal study, in our study mortality was reduced 

with TFA compared with TTA when adjusting for clinical variables only (adjusted HR=0.61, 95% 

CI 0.43-0.86). However, when we also corrected for the extent and severity of PAD, the difference 

in mortality between TFA and TTA was no longer apparent, emphasizing the impact of this 

confounder on the prognosis of patients undergoing TAVI.  

To further risk stratify patients with PAD undergoing TAVI and to inform TAVI access 

selection, the anatomic Hostile score was introduced in this study. A high Hostile score (>8.5) was 

an independent predictor of stroke after TAVI with TFA, but not with TTA and TAA. Importantly, 

significant interactions were apparent between the Hostile score and access route such that TFA 

appeared to be the preferred access route in patients with low Hostile scores, with significantly 

lower rates of MAE and mortality compared with TTA, and lower rates of stroke/TIA compared 

with TAA. In contrast, TFA was associated with significantly higher rates of stroke and stroke/TIA 

compared with TTA in patients with high Hostile scores. These data suggest that in patients with 

severe bilateral PAD and low Hostile score undergoing TAVI, TFA may minimize procedural 

complications and enhance long-term survival compared with TTA, and optimize long-term 

survival free from stroke/TIA compared with TAA. Conversely, a high Hostile score predicts a high 

early and late stroke rate with a TFA approach; in such patients alternative access routes (TAA 

preferred, with TTA as a last option) should be strongly considered.  

The mechanistic underpinnings of these interactions are speculative and warrant further 

study. Retrograde embolization of atherosclerotic debris or iliac artery tissue displacement from the 

diseased segments into the epiaortic vessels during delivery catheter advancement in the directly 

diseased segments has been previously described (42). In addition, high Hostile scores may be 

associated with more severe atherosclerotic disease of the aortic arch or ascending aorta that may 

predispose to catheter-induced embolism. Whether the use of cerebral embolic protection systems 
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may mitigate the risk of stroke/TIA particularly in patients with high Hostile scores deserves further 

investigation.  

Mixed results were apparent in the present study after TAVI via TAA. TAA was associated 

with lower 1-year rates of mortality compared with TTA and with similar mortality compared with 

TFA, irrespective of the Hostile score. However, the higher adjusted risks of stroke/TIA with TAA 

compared with TTA (regardless of Hostile score) and TFA (in all patients, especially those with low 

Hostile scores) is of concern. Although in our registry the TAA group included several access 

routes, 92% were via transaxillary access, and therefore the results in this group principally reflect 

this access route. While some observational registries have reported excellent results with 

transaxillary access, with outcomes similar to that of TFA (43-45), a recent registry from the 

Society of Thoracic Surgeons/American College of Cardiology including 3,628 patients has 

reported increased rates of stroke with the transaxillary access compared to TTA similar to our 

study (46). Large bore sheaths in the axillary artery may interrupt flow in the vertebral artery 

system or cause dissection or embolization of atherosclerotic debris. In addition, in cases of right 

transaxillary accesses the valve delivery system crossing the brachiocephalic artery may directly 

jeopardize the right carotid artery. Finally, the unfavorable angle required to enter the aortic arch 

may injure the cerebral vasculature. Of note, in our study the frequency of stroke with the right 

transaxillary access was almost double that from the left side (6.3% versus 3.7%, respectively).  

 

Limitations. This is an observational study. Although we corrected for important covariates 

of death, stroke and MAE, unmeasured confounders may still remain. Indices of frailty and other 

variables that may influence outcome were not available. Absent randomization, the results from 

the present study should be considered hypothesis generating. As the focus of the study was severe 

obstructive PAD, we did not include patients with aortic aneurysm, thrombus, or patients in whom 

PTA was performed as a bailout procedure for an iatrogenic complication. Adding these patients 

would have only confounded comparisons across access routes. VARC 3 major vascular 

complications include a heterogeneous category of events which were not individually captured by 

the study. The Hostile score was created using anatomic variables collected at each participating 

center and was not adjudicated in a central core laboratory. In addition, while it did demonstrate 

prognostic utility in the present study, whether this score could be further optimized deserves 

additional investigation, and external validation is warranted. Similarly, clinical events were not 

centrally adjudicated. Finally, as it equally weighs ipsilateral and contralateral femoral access, it 

should be considered as a marker of the global burden of PAD. The TAA group consisted mainly of 
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transaxillary access; some studies have suggested better clinical outcomes with lower rates of stroke 

with transcarotid or transcaval access (47,48). The use of cerebral embolic protection was not 

captured in this registry, although studies to date have not shown reduction in clinical stroke rates 

with these devices (49). The transaxillary access group included a heterogeneous group of patients 

in relation to the site of artery puncture and modality of approach (surgical cut down versus direct 

percutaneous puncture), differences we could not differentiate for. Finally, the selection of and 

outcomes with non-traditional access routes depends on each operator’s experience and skill, 

variables for which adjustment was not possible.  

 

CONCLUSIONS 
 

In patients with severe PAD undergoing TAVI, TTA was associated with higher 30-day and 

1-year rates of MAE compared with both TFA and TAA, driven by greater main site-related major 

vascular access complications. At 1-year, TAA was associated with higher rates of stroke/TIA and 

stroke compared with TFA and TTA. From this dataset, in patients with low Hostile scores TFA 

after percutaneous intervention of the iliofemoral system was the optimal access route for TAVI, 

being associated with reduced 1-year rates of MAE and of mortality compared with TTA and 

reduced rates of stroke/TIA and stroke compared with TAA. Further studies are needed to 

investigate the optimal access route in patients with high Hostile scores, whether a specific TAA 

approach or TFA (if possible) with cerebral embolic protection.   
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CLINICAL PERSPECTIVES 
 

Competency in Medical Knowledge: In patients undergoing TAVI with severe bilateral peripheral 

artery disease (PAD), both transfemoral access (TFA) after percutaneous iliofemoral treatment and 

non-thoracic trans-alternative access (TAA, mainly transaxillary) were associated with lower 30-

day and 1-year rates of major adverse events compared with transthoracic access (TTA). At 1-year 

patients undergoing TAVI with TAA had similar rates of all-cause mortality but higher rates of 

stroke compared with TFA.     

 

Competency in Patient Care:  

1) The Hostile score is a novel risk score integrating several anatomic variables reflecting the 

severity and complexity of PAD which predicts the risk of 1-year mortality and stroke after TAVI 

with TFA, but not in those treated with TTA or TAA.    

 

2) When percutaneous iliofemoral treatment is possible, TFA appears to be the optimal TAVI 

access route in patients with low Hostile scores, being associated with reduced 30-day and 1-year 

rates of major adverse events and mortality compared with TTA, and reduced rates of stroke 

compared with TAA. 

 

Translational Outlook: Further studies are warranted to investigate the optimal TAVI access route 

in patients with high Hostile score, whether a specific TAA approach or TFA (if possible) with 

cerebral embolic protection.  
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FIGURE LEGENDS 
 

Figure 1. Kaplan-Meier survival curves for the 30-day risks of clinical outcomes stratified by 

access route.  

(A) Major Adverse Event (MAE) including the composite of all-cause mortality, stroke/transitory 

ischemic attack (TIA), and main access-related Valve Academic Research Consortium (VARC) 3 

major vascular complications; (B) all-cause mortality, (C) stroke, (D) stroke/TIA, (E) VARC 3 

major bleeding, and (F) main access-related VARC 3 major vascular complications. Adjusted 

hazard ratios were calculated using Cox multivariate analyses (see Method). Both the transfemoral 

access (TFA) and trans-alternative access (TAA) were associated with lower rates of MAE 

compared with the transthoracic access (TTA). 

 

Figure 2.  Kaplan-Meier survival curves for the 1-year risks of clinical outcomes stratified by 

access route. 

(A) Major Adverse Event (MAE) including the composite of all-cause mortality, stroke/transitory 

ischemic attack (TIA), and main access-related Valve Academic Research Consortium (VARC) 3 

major vascular complications; (B) all-cause mortality, (C) stroke, (D) stroke/TIA, and (E) VARC 3 

major bleeding. Adjusted hazard ratios were calculated using Cox multivariate analyses (see 

Method). Both the transfemoral access (TFA) and trans-alternative access (TAA) were associated 

with lower rates of MAE compared with the transthoracic access (TTA).  TAA was associated with 

lower rates of all-cause mortality than TTA, but higher rates of stroke/TIA than TFA and TTA. 

 

Figure 3. The Hostile risk score and its impact on clinical outcomes. 

The Hostile risk score integrates anatomic variables reflecting the severity and extent of iliofemoral 

artery disease. Points are assigned based on the potential contribution of each variable to 

complicating femoral access. The transfemoral access (TFA) was the optimal access route in 

patients with low Hostile score, being associated with lower rates of all-cause mortality and major 

adverse events compared with transthoracic access (TTA) and lower rates of neurovascular events 

compared with the trans-alternative access (TAA). In contrast, in patients with high Hostile score 

TFA was associated with higher rates of neurovascular events compared with TTA. TAA was 

associated with lower rates of all-cause mortality compared to TTA, irrespective of the Hostile 

score. Similar results were noted at 30 days.  
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Figure 4. Kaplan-Meier survival curves for the 1-year risks of clinical outcomes stratified by 

access route and Hostile scores. 

(A) All-cause mortality in the transfemoral access (TFA) versus the transthoracic access (TTA), (B) 

stroke in TFA versus TTA, and (C) stroke/transitory ischemic attack (TIA) in TFA versus the trans-

alternative access (TTA) stratified by the Hostile score. Adjusted hazard ratios were calculated 

using Cox multivariate analyses (see Method). Significant interactions were apparent between the 

Hostile score and the access route.    
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TABLES 
 

 

Table 1. Baseline clinical characteristics according to TAVI access route. 

 

  TTA 

(n=642) 

TFA  

(n=518) 

TAA  

(n=547) 

P 

value 

Age 80.3 ± 6.2 80.7± 6.6 80.3± 7.0 0.48 

Male  367/642 (57.2%) 277/518 (53.5%) 313/547 (57.2%) 0.36 

Hypertension 568/642 (88.5%) 465/517 (89.9%) 468/543 (86.2%) 0.81 

Body mass index, kg/m2 26.0 ± 4.9 25.7 ± 5.1 26.0 ± 4.9 0.59 

Diabetes mellitus 206/642 (32.1%) 175/517 (33.9%) 178/547 (32.5%) 0.81 

Prior myocardial infarction 139/642 (21.7%) 141/518 (27.2%) 137/546 (25.1%) 0.08 

Prior percutaneous coronary 

intervention 
285/642 (44.4%) 229/518 (44.2%) 209/546 (38.2%) 0.06 

Prior coronary artery bypass grafting 157/642 (24.5%) 117/518 (22.6%) 70/546 (12.8%) <0.001 

Prior stroke 87/642 (13.6%) 87/518 (9.5%) 42/546 (7.7%) 0.003 

Chronic kidney disease* 247/642 (38.5%) 213/478 (44.6%) 254/545 (46.6%) 0.01 

Left ventricular ejection fraction, % 56.5 ± 11.8 52.8 ± 11.8 51.6 ± 11.8 <0.001 

NYHA class III-IV 459/640 (71.7%) 347/516 (67.3%) 383/545 (70.3%) 0.25 

Atrial fibrillation 243/641 (37.9%) 195/518 (37.6%) 171/546 (31.3%) 0.03 

Coronary artery disease 438/626 (70.0%) 341/515 (66.2%) 299/542 (55.2%) <0.001 

Number of diseased vessels    0.16 

 Single vessel 80/195 (41.0%) 98/287 (34.1%) 121/280 (43.2%)  

 Double vessel disease 50/195 (25.7%) 92/287 (32.1%) 80/280 (28.6%)  

 Triple vessel disease 65/195 (33.3%) 97/287 (22.8%) 79/280 (28.2%)  

Left main disease 22/273 (8.1%) 71/460 (15.4%) 36/329 (10.9%) 0.009 

Society of Thoracic Surgeons score 5.5 ± 3.9 5.9 ± 4.2 5.3 ± 3.9 0.03 

Pre-procedural AVA (cm2) 0.71±0.21 0.70±0.21 0.69± 0.22 0.02 

Pre-procedural MG (mmHg) 41.4±15.8 41.0±14.5 43.5±14.2 0.0008 

Severe aortic regurgitation pre-TAVI 18/620 (2.9%) 9/467 (1.9%) 19/504 (3.8%) 0.23 

AVA denotes aortic valve area; MG denotes mean aortic gradient; NYHA denotes New York Heart AssociationTAA denotes 

trans-alternative access; TAVI denotes Transcatheter Aortic Valve Implantation; TFA denotes transfemoral access, TTA 

denotes transthoracic access.  

*Defined as serum creatinine >1.2 mg/dl.. 
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Table 2. Baseline procedural characteristics according to TAVI access route. 

 

  TTA 

(n=642) 

TFA  

(n=518) 

TAA  

(n=547) 

P 

value 

Surgical cut-down 642/642 (100%) 57/461 (11.0%) 393/524 (75.5%) <0.001 

Echo-guided puncture NA 235/466 (50.4%) 78/442 (17.6%) <0.001 

Secondary access used for TAVI    <0.001 

Radial artery 105/240 (43.8%) 132/496 (26.6%) 200/503 (39.8%)  

Femoral artery 135/240 (56.2%) 354/496 (71.4%) 297/503 (59.0%)  

Other 0 10/496 (2.0%) 6/503 (1.2%)  

Type of Anesthesia:    <0.001 

Local anesthesia only NA 196/518 (37.8%) 48/524 (9.2%)  

Moderate sedation  NA 243/518 (46.9%) 72/524 (13.7%)  

General anesthesia 642/642 (100%) 79/518 (15.3%) 404/524 (77.1%)  

Type of valve implanted:    <0.001 

Sapien 463/637 (72.6%) 222/511 (43.4%) 129/542 (23.8%)  

Corevalve/Evolute 24/637 (3.8%) 197/511 (38.6%) 342/542 (63.1%)  

Portico/Navitor 1/637 (0.2%) 38/511 (7.4%) 56/542 (10.3%)   

Symetis/Accurate 139/637 (21.8%) 47/511 (9.2%) 12/542 (2.2%)  

Other 10/637 (1.6%) 7/511 (1.4%) 3/542 (0.6%)  

Closure device in the main access:      <0.001 

Proglide NA 364/496 (73.4%) 69/405 (17.0%)  

Angioseal NA 4/496 (0.8%) 13/405 (3.2%)  

Manta NA 29/496 (5.8%) 43/405 (10.6%)  

Prostar NA 27/496 (5.4%) 1/405 (0.3%)  

Combination of devices NA 28/496 (5.7%) 53/405 (13.1%)  

Covered stent NA 0 4/405 (1.0%)  

Surgical closure 642/642 (100%) 44/496 (8.9%) 222/405 (54.8%)  

Post-procedural AVA (cm2) 1.59 ± 0.3 1.84 ± 0.5 1.82 ± 0.5 <0.001 

Post-procedural MG (mmHg) 9.1 ± 5.6 8.9 ± 4.6 8.9 ± 4.6 0.43 

Residual PV leak (≥ moderate) 3/641 (0.5%) 34/483 (6.6%) 23/546 (4.2%) <0.001 

Antithrombotic therapy at discharge    <0.001 

SAPT 24/303 (7.9%) 73/494 (14.8%) 87/511 (17.0%)  

OAT 29/303 (9.5%) 103/494 (20.9%) 83/511 (16.3%)  

DAPT 142/303 (46.9%) 223/494 (45.1%) 249/511 (48.7%)  

DAT 79/303 (26.1%) 66/494 (13.4%) 63/511 (12.3%)  

TAT 6/303 (2.0%) 15/494 (3.0%) 13/511 (2.6%)  

Other 23/303 (7.6%) 14/494 (2.8%) 16/511 (3.1%)  
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Type of transthoracic access 

         Transapical 

         Transaortic 

582/642 (90.7%) 

60/642 (9.3%) 

NA 

NA 

NA 

NA 

 

TFA treatment 

         PTA alone 

         Lithotripsy 

 

NA 

NA 

335/518 (64.7%) 

183/518 (35.3%) 

 

NA 

NA 

NA 

Type of alternative access 

         Transaxillary 

         Transcarotid 

         Transbrachiocephalic 

         Transcaval  

 

NA 

NA 

NA 

NA 

 

NA 

NA 

NA 

NA 

 

503/547 (92.0%) 

18/547 (3.3%) 

10/547 (1.8%) 

16/547 (2.9%) 

NA 

DAPT denotes dual antiplatelet therapy; DAT denotes dual antithrombotic therapy including the combination of an oral 

anticoagulant drug and single antiplatelet therapy; MG denotes mean aortic gradient; NA denotes not applicable; OAT denotes 

oral anticoagulant therapy; PV denotes paravalvular; SAPT denotes single antiplatelet therapy; TAA denotes trans-alternative 

access; TAT denotes triple antiplatelet therapy including the combination of an oral anticoagulant drug and dual antiplatelet 

therapy; TAVI denotes Transcatheter Aortic Valve Implantation; TFA denotes transfemoral access, TTA denotes transthoracic 

access.  

 

 

 



34 

 

Table 3. Propensity-adjusted estimates of 30-day risk by TAVI access route 

 

 
TFA vs TTA 

HR (95% CI)  
P value 

TAA vs TTA 

HR (95% CI) 
P value 

TFA vs TAA 

HR (95% CI) 
 P value 

Primary endpoint: All-cause 

mortality, stroke/TIA, main access 

site-related VARC 3 major 

vascular complications 

0.58 (0.45-0.75) <0.0001 0.60 (0.47-0.78) <0.0001 0.96 (0.71-1.31) 0.81 

   - All-cause mortality 0.79 (0.41-1.49) 0.46 0.56 (0.30-1.05) 0.07 1.40 (0.68-2.86) 0.36 

   - stroke/TIA 1.31 (0.57-3.03) 0.53 2.62 (1.24-5.52) 0.01 0.50 (0.24-1.03) 0.06 

   - All-cause mortality or 

stroke/TIA 
0.94 (0.56-1.59) 0.83 1.09 (0.68-1.76) 0.72 0.87 (0.51-1.48) 0.60 

   - Main access site-related VARC 

3 major vascular complications 
0.52 (0.39-0.69) <0.0001 0.51 (0.38-0.68) <0.0001 1.03 (0.72-1.46) 0.89 

Other endpoints       

Cardiac mortality 0.72 (0.36-1.45) 0.36 0.51 (0.26-1.02) 0.06 1.41 (0.63-3.16) 0.41 

Stroke 1.27 (0.52-3.11) 0.60 2.09 (0.92-4.79) 0.08 0.61 (0.27-1.38) 0.23 
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Secondary access site-related 

VARC 3 major vascular 

complications 

1.03 (0.27-3.97) 0.97 0.87 (0.22-3.50) 0.84 1.19 (0.29-4.91) 0.81 

VARC 3 major bleeding 0.40 (0.28-0.57) <0.0001 0.50 (0.36-0.70) <0.0001 0.79 (0.51-1.23) 0.30 

VARC 3 any bleeding  0.49 (0.36-0.66) <0.0001 0.58 (0.43-0.80) 0.001 0.84 (0.58-1.22) 0.36 

Transfusion 0.46 (0.33-0.63) <0.0001 0.31 (0.22-0.43) <0.0001 1.47 (1.00-2.18) 0.05 

Myocardial infarction 1.33 (0.31-5.69) 0.70 0.88 (0.21-3.68) 0.86 1.51 (0.36-6.29) 0.57 

CI denotes confidence interval; STROKE/TIA denotes stroke/TIA; HR denotes hazard ratio; MI denotes myocardial infarction; TAA denotes trans-

alternative access; TAVI denotes transcatheter aortic valve implantation; TIA denotes transitory ischemic attack; TFA denotes transfemoral access, TTA 

denotes transthoracic access; VARC denotes Valve Academic Research Consortium. 
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Table 4. Propensity-adjusted estimates of 1-year risk by TAVI access route 

 

 
TFA vs TTA 

HR (95% CI)  
P value 

TAA vs TTA 

HR (95% CI) 
P value 

TFA vs TAA 

HR (95% CI) 
 P value 

All-cause mortality, stroke/TIA, 

main access site-related VARC 3 

major vascular complications 

0.65 (0.51-0.83) 0.001 0.60 (0.47-0.77) <0.0001 1.09 (0.82-1.46) 0.55 

   - All-cause mortality 0.84 (0.55-1.30) 0.44 0.52 (0.34-0.81) 0.003 1.61 (0.94-2.75) 0.08 

   - Stroke/TIA 1.05 (0.49-2.26) 0.91 2.14 (1.09-4.17) 0.03 0.49 (0.24-0.98) 0.04 

   - All-cause mortality or 

stroke/TIA 
0.88 (0.61-1.30) 0.55 0.71 (0.50-1.02) 0.07 1.25 (0.80-1.96) 0.33 

   - Main access site-related VARC 

3 major vascular complications 
0.52 (0.39-0.69) <0.0001 0.51 (0.38-0.68) <0.0001 1.03 (0.72-1.46) 0.89 

Cardiac mortality 0.65 (0.39-1.10) 0.11 0.44 (0.25-0.79) 0.006 1.46 (0.72-2.98) 0.29 

Stroke 0.95 (0.41-2.18) 0.90 1.71 (0.82-3.56) 0.15 0.56 (0.25-1.23) 0.15 

VARC 3 major bleeding 0.47 (0.33-0.66) <0.0001 0.52 (0.37-0.72) <0.0001 0.90 (0.59-1.37) 0.63 

VARC 3 any bleeding 0.55 (0.42-0.74) <0.0001 0.58 (0.43-0.79) 0.001 0.95 (0.66-1.37) 0.79 

Myocardial infarction  1.50 (0.52-4.29) 0.45 0.63 (0.20-1.98) 0.43 2.38 (0.74-7.71) 0.15 

Abbreviations as in Table 3. 
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Table 5. Adjusted estimates of 30-day risk by TAVI access and Hostile iliofemoral risk score 

 

 
TFA vs TTA 

 Low-score 

TFA vs TTA  

High-score 
Pint 

TAA vs TTA  

Low-score 

TAA vs TTA 

High-score 
 Pint 

TFA vs TAA 

Low-score 

TFA vs TAA 

High-score 
  Pint 

All-cause mortality, 

stroke/TIA, main access-

related VARC 3 major 

vascular complications 

0.55 (0.41–0.73) 

p<0.0001 

0.68 (0.45–1.03) 

p=0.07 

0.42 

0.67 (0.47–0.95) 

p=0.02 

0.63 (0.46–0.88) 

p=0.006 

0.83 

0.82 (0.57–1.20) 

p=0.30 

1.07 (0. 70–1.66) 

p=0.77 

0.37 

All-cause mortality 

0.68 (0.32–1.47) 

p= 0.33 

1.00 (0.42–2.39) 

p=0.99 

0.52 

0.56 (0.22–1.42) 

p=0.22 

0.63 (0.28–1.39) 

p=0.25 

0.86 

1.21 (0.46–3.15) 

p=0.70 

1.60 (0.63–4.04) 

p=0.32 

0.68 

Stroke/TIA 

0.96 (0.37–2.53) 

p=0.94 

6.86 (1.66–28.39) 

p=0.008 

0.02 

3.64 (1.59–8.35) 

p=0.002 

5.36 (1.52–18.92) 

p=0.009 

0.62 

0.26 (0.10–0.68) 

p=0.006 

1.28 (0.47–3.50) 

p=0.63 

0.02 

Stroke 

0.89 (0.31–2.61) 

p=0.84 

6.82 (1.65–28.20) 

p=0.008 

0.02 

2.38 (0.92–6.16) 

p=0.07 

4.39 (1.21–15.96) 

p=0.02 

0.45 

0.38 (0.12–1.15) 

p=0.09 

1.56 (0.55–4.41) 

p=0.41 

0.07 

Main access-related VARC 3 

major vascular complications 

0.53 (0.39-0.72) 

p<0.0001 

0.53 (0.33-0.85) 

p=0.009 

0.98 

0.52 (0.35-0.78) 

p=0.002 

0.50 (0.35-0.71) 

p<0.0001 

0.85 

1.01 (0.66-1.55) 

p=0.96 

1.07 (0.65-1.78) 

p=0.78 

0.86 

STROKE/TIA denotes stroke/TIA; int. denotes interaction; TAA denotes trans-alternative access; TFA denotes transfemoral access; TTA denotes transthoracic access; VARC denotes Valve Academic 

Research Consortium. 

 



38 

 

Table 6. Adjusted estimates of 1-year risks by TAVI access and Hostile iliofemoral risk score 

 

 
TFA vs TTA 

 Low-score 

TFA vs TTA  

High-score 
Pint 

TAA vs TTA  

Low-score 

TAA vs TTA 

High-score 
 Pint 

TFA vs TAA 

Low-score 

TFA vs TAA 

High-score 
  Pint 

All-cause mortality, 

stroke/TIA, main access-

related VARC 3 major 

vascular complications 

0.54 (0.41- 0.71) 

p<0.0001 

0.74 (0.52 –1.07) 

p=0.11 

0.17 

0.63 (0.45–0.88) 

p=0.007 

0.59 (0.44–0.80) 

p=0.001 

0.81 

0.86 (0.60–1.23) 

p=0.40 

1.25 (0.85–1.84) 

p=0.26 

0.16 

All-cause mortality 

 

0.61 (0.39-0.97) 

p=0.04 

0.84 (0.49-1.46) 

p=0.54 

0.39 

0.45 (0.25–0.79) 

p=0.005 

0.49 (0.31–0.77) 

p=0.002 

0.81 

1.38 (0.75 –2.51) 

p=0.30 

1.73 (0.95–3.15) 

p=0.07 

0.60 

Stroke/TIA 

 

0.77 (0.31–1.89) 

p=0.57 

5.72 (1.56–21.04) 

p=0.009 

0.01 

2.57 (1.17–5.65) 

p=0.02 

5.04 (1.67–15.22) 

p=0.004 

0.33 

0.30 (0.12–0.74) 

p=0.009 

1.13 (0.43–3.03) 

p=0.80 

0.049 

Stroke 

0.59 (0.21–1.67) 

p=0.32 

5.68 (1.55–20.90) 

p=0.009 

0.008 

1.65 (0.68–4.04) 

p=0.27 

4.26 (1.38–13.13) 

p= 0.01 

0.20 

0.36 (0.12–1.10) 

p=0.06 

1.34 (0.50–3.64) 

p=0.57 

0.08 

Main access-related VARC 3 

major vascular complications 

0.53 (0.39–0.72) 

P<0.001 

0.53 (0.33–0.85) 

p=0.009 

0.98 

0.52 (0.35–0.78) 

p=0.002 

0.50 (0.35–0.71) 

p<0.001 

0.85 

1.01 (0.66–1.55) 

p=0.96 

1.07(0.65–1.78) 

p=0.78 

0.86 

Abbreviations as in Table 5.  
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Supplemental Appendix 
 

SUPPLEMENTAL TABLES 
 

Supplemental Table 1. Anatomic variables included in the Hostile iliofemoral risk score 

 

Variables Variable specification  Points 

Number of segments with significant disease   
1 point for each segment with 

significant disease 

Presence of obstruction* in any segment  2 points 

Iliac disease** involving the aortic bifurcation   0.5 points 

Lesion located in a tortuous segment Tortuosity >90° 
1 point for each tortuous segment 

with significant disease 

≥180° arc calcified lesion  
1 point for each significant calcified 

lesion with an arch ≥180° 

Lesion length 

≤100 mm 

101-200 mm 

>200 mm 

1 point 

2 points 

3 points 

Minimal lumen diameter 
3.1-5.0 mm 

0.1-3.0 mm 

0.5 points 

1 point 

  *Defined as 100% stenosis. **Defined as atherosclerotic disease abutting the aortic carrefour. 
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Supplemental Table 2. Clinical and anatomic variables included in the propensity score 

 

Variable Variable format and definition 

Age* Continuous variable 

Body mass index* Continuous variable 

Hypertension* Yes/No 

Diabetes* Yes/No 

Left ventricular ejection fraction* Continuous variable 

Coronary artery disease* Yes/No 

Prior stroke* Yes/No 

Prior percutaneous coronary intervention* Yes/No 

Prior myocardial infarction* Yes/No 

Prior coronary artery bypass artery grafting* Yes/No 

Atrial fibrillation* Yes/No 

Renal dysfunction*†  Yes/No 

New York Heart Association class* Class III or IV versus class I or II 

Surgical Thoracic Society Score* Continuous variable 

Aortic valve area pre-TAVI* Continuous variable 

Number of iliofemoral segments with significant disease 2-6 

Common iliac artery disease involving aortic bifurcation Yes/No 

Total lesion length  
Continuous variable 

Defined as the sum of the length of individual lesions in each diseased segment  

Minimal lumen diameter  
Continuous variable 

Defined as the diameter of the most severe lesion 

Total obstruction Yes/No 

Maximum percentage stenosis Continuous variable 

Number of lesions with ≥180° arc calcifications From 0 to 6 

Number of lesions with ≥90° tortuosity. From 0 to 6 

*Denotes variables included in the propensity score containing clinical variables only. 

† Defined as serum creatinine level >1.2 mg/d 
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Supplemental Table 3. Number of TAVI by access route in each contributing center. 

 

CENTER ID Patients with hostile access (n) TFA (n) TTA (n) TAA (n) 

01 365 30 313 22 

02 176 13 1 162 

03 142 68 52 22 

04 97 40 0 57 

05 121 25 79 17 

06 75 17 15 43 

07 73 7 53 13 

08 69 41 0 28 

09 60 0 40 20 

10 59 59 0 0 

11 43 27 1 15 

12 58 18 39 1 

13 55 6 1 48 

14 31 18 12 1 

15 29 23 0 6 

16 29 20 6 3 

17 28 16 0 12 

18 27 8 0 19 

19 25 11 9 5 

20 24 14 3 7 

21 24 9 3 12 

22 19 19 0 0 

23 19 12 5 2 

24 19 2 0 17 

25 14 1 4 9 

26 11 6 4 1 

27 11 4 2 5 

28 4 4 0 0 

TAA denotes transalternative access; TAVI denotes transcatheter aortic valve implantation; TFA denotes trans-transfemoral access; TTA denotes trans-

transthoracic access. 
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Supplemental Table 4. Extent and severity of peripheral artery disease according to access type 

 

  
TTA TFA TAA 

P value 
(n= 642) (n= 518) (n= 547) 

Total number of diseased segments 3.7 ± 1.5 2.8 ±1.5 3.7 ± 1.5 <0.001 

Number of patients with at least one lesion involving  

the aortic bifurcation  
139/267 (52.1%) 248/467 (53.1 %) 158/307 (51.5%) 0.90 

Total lesion length (mm) 171.6 ± 124.5 108.5 ± 96.4 181.1 ± 143.6 <0.001 

Minimal lumen diameter (mm) 3.3 ± 1.6 3.7 ± 1.4 2.9 ± 1.6 <0.001 

Total obstruction 19/267 (7.1%) 7/466 (1.5%) 30/307 (9.8%) <0.001 

Most severe stenosis (%) 62.6 ±16.9 58.7 ± 14.7 68.3 ±16.3 <0.001 

Number of segments with ≥180° arch calcifications 1.3 ± 1.1  1.2 ± 1.0 1.5 ± 1.2 <0.001 

Number of segments with ≥90° tortuosity  0.5 ± 0.5 0.2 ± 0.7 0.4 ± 0.7 <0.001 

Hostile iliofemoral risk score*  8.5 (7.5-9.5) 6.5 (5.0-8.5) 9.0 (8.0-10.5) <0.0001 

Continuous data are mean ± standard deviation unless otherwise specified. *Median and interquartile range. 

TAA denotes trans-alternative access; TFA denotes trans-femoral access; TTA denotes trans-thoracic access. 
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Supplemental Table 5. Baseline clinical characteristics of patients according to 

Hostile score and access route 

 

 Low score 

Hostile≤8.5 

n=964 

High score 

Hostile>8.5 

n=741 

P 

value 

TFA n=392 n=125  

Age 80.7 ± 6.5 80.7 ± 7.0 0.99 

Male  204/392 (52.0%) 73/125 (58.4%) 0.21 

Hypertension 349/391 (89.3%) 115/125 (92.0%) 0.38 

BMI 25.6 ±5.1  25.8±4.8  0.67 

Diabetes mellitus 132/391 (33.8%) 43/125 (34.4%) 0.90 

Prior myocardial infarction 110/392 (28.1%) 31/125 (24.8%) 0.48 

Prior PCI 171/392 (43.6%) 58/125 (46.4%) 0.59 

Prior CABG 76/392 (19.4%) 41/125 (32.8%) 0.002 

Prior stroke 37/392 (9.4%) 12/125 (9.6%) 0.96 

CKD‡ 153/392 (39.0 %) 67/125 (53.6%) 0.004 

LVEF% 52.7 ±11.9 52.9 ±11.5 0.90 

NYHA class III-IV 271/392 (69.1%) 76/124 (61.3%) 0.11 

Atrial fibrillation 149/392 (38.0 %) 46/125 (36.8%) 0.81 

CAD  249/392 (63.5%) 94/125 (75.2%) 0.02 

    

TTA n=354 n=288  

Age 80.7±6.1 79.8±6.30 0.04 

Male  191/354 (54.0 %) 176/288 (61.1%) 0.07 

Hypertension 311/354 (87.9 %) 257/288 (89.2%) 0.59 

BMI 26.1 ±4.5  26.0±5.2 0.91 

Diabetes mellitus 90/354 (25.4%) 116/288 (40.3%) <0.0001 

Prior myocardial infarction 83/354 (23.4 %) 56/288 (19.4%) 0.22 

Prior PCI 154/354 (43.5 %) 131/288 (45.5%) 0.62 

Prior CABG 55/354 (15.5%) 102/288 (35.4%) <0.0001 

Prior stroke 55/354 (15.5%) 32/288 (11.1 %) 0.10 

CKD‡ 131/354 (37.0%) 116/288 (40.3%) 0.40 

LVEF% 57.2 ±11.3 55.5 ±12.0 0.08 

NYHA class III-IV 256/354 (72.3 %) 203/286 (71.0%) 0.71 

Atrial fibrillation 135/353 (38.2%) 108/288 (37.5%) 0.85 

CAD  225/354 (63.6%) 213/288 (74.0%) 0.005 

    

TAA n=218 n=328  

Age 81.8 ± 6.3  79.4±7.2 0.0001 

Male  133/218 (61.0%) 179/328 (54.6%) 0.14 

Hypertension 184/215 (85.6%) 284/328(86.6%) 0.74 

BMI 25.3±3.8 26.5 ±5.0 0.007 

Diabetes mellitus 55/218 (25.2%) 123/328 (37.5%) 0.003 

Prior myocardial infarction 56/218 (25.7%) 81/327 (24.8%) 0.81 

Prior PCI 79/218 (36.2%) 130/327 (39.8%) 0.41 

Prior CABG 27/218 (12.4%) 43/327 (13.1%) 0.79 

Prior stroke 15/218 (6.9%) 27/327 (8.3 %) 0.56 

CKD‡ 98/218 (45.0%) 155/327 (47.4%) 0.58 

LVEF% 51.0 ±11.6 52.0±11.6 0.31 

NYHA class III-IV 142/218 (65.1%) 240/326 (73.6%) 0.03 

Atrial fibrillation 68/218 (31.2%) 102/327 (31.2%) 0.99 

CAD  124/218 (56.9%) 177/328 (54.0%) 0.50 
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AVA denotes aortic valve area; BMI denotes body mass index; CABG denotes coronary 

artery bypass graft; CAD denotes coronary artery disease; CKD denotes chronic kidney 

disease; LVEF denotes left ventricular ejection fraction; NYHA denotes New York Heart 

Association; PCI denotes percutaneous coronary intervention; TAA denotes trans-

alternative access; TFA denotes trans-femoral access; TTA denotes trans-thoracic access.  

*Defined as serum creatinine levels >1.2 mg/dl 
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Supplemental Table 6. Overall balance of covariates in the propensity score. 

 

Variable 
 

Maximum values of the SMD  

 

Minimum values of p-value  
 Age  0.04 0.786 

AVA pre-TAVI  0.06 0.957 

Atrial fibrillation 0.05 0.516 

Body mass index 0.06 0.510 

Coronary artery disease 0.05 0.325 

Diabetes  0.11 0.449 

Gender 0.04 0.372 

Hypertension 0.08 0.462 

LVEF 0.08 0.066 

NYHA class   0.07 0.575 

Prior CABG 0.11 0.235 

Prior MI 0.04 0.255 

Prior PCI 0.05 0.325 

Prior stroke  0.04 0.050 

STS score 0.06 0.468 

Renal dysfunction 0.05 0.465 

AVA denotes aortic valve area; CABG denotes coronary artery bypass grafting; LVEF denotes left 

ventricular ejection fraction; MI denotes myocardial infarction; NYHA denotes New York Heart 

Association; PCI denotes percutaneous coronary intervention; SMD denotes standardized mean 

difference; STS denotes society of thoracic surgeons; TAVI denotes transcatheter aortic valve 

implantation. 
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Supplemental Table 7. Kaplan-Meier estimates of risk at 30 days according to access route 

 

 
TTA 

n=642  

TFA 

n=518 

TAA 

n=547 

       P value (unadjusted) 

 3-group                 2-group*          

Primary endpoint: All-cause mortality, 

stroke/TIA, main access site-related VARC 3 

major vascular complications 

37.9% (242) 23.0% (118) 23.9% (129) <0.0001 
TFA vs TTA: p<0.0001  

TAA vs TTA: p<0.0001 

   - All-cause mortality 6.2% (39) 4.4% (22) 4.4% (23) 0.28  

   - Stroke/TIA 2.3% (14) 2.8% (14) 5.9% (31) 0.002 
TFA vs TAA: p=0.02 

TTA vs TAA: p=0.001 

      - All-cause mortality or stroke/TIA 7.9% (50)  6.7% (34) 9.2% (49) 0.34  

   - Main access site-related VARC 3 major 

vascular complications 
34.3% (218) 19.1% (98) 17.6% (95) <0.0001 

TFA vs TTA: p<0.0001 

TAA vs TTA: p<0.0001 

Other endpoints      

Cardiac mortality 5.8% (37) 3.6% (18) 3.3% (17) 0.07  

Stroke 2.1% (13) 2.4% (12) 4.3% (23) 0.05  

Secondary access site-related VARC 3 major 

vascular complications 
0.7% (5) 1.2% (6) 0.7% (4) 0.71  

VARC 3 major bleeding complications 27.1% (172) 11.3% (58) 12.7% (68) <0.0001 
TFA vs TTA: p<0.0001 

TAA vs TTA: p<0.0001 

VARC 3 any bleeding complications 33.0% (210) 16.4% (84) 16.8% (90) <0.0001 
TFA vs TTA: p<0.0001 

TAA vs TTA: p<0.0001 

Transfusion 39.2% (179) 16.6% (82) 12.4% (65) <0.0001 
TFA vs TTA: <0.0001 

TAA vs TTA: p<0.0001 

Myocardial infarction 0.6% (4) 0.8% (4) 0.8% (4) 0.55  

Event rates are Kaplan-Meier estimates (n events). ; TAA denotes trans-alternative access; TIA denotes transitory ischemic attack; TFA denotes trans-

femoral access; TTA denotes trans-thoracic access; VARC denotes Valve Academic Research Consortium. *For 2-group comparisons, only significant p 

values are reported.  
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Supplemental Table 8. Propensity-adjusted estimates of 30-day risk by TAVI access route after excluding patients treated with transcaval 

access 

 

 
TFA vs TTA 

HR (95% CI)  
P value 

TAA vs TTA 

HR (95% CI) 
P value 

TFA vs TAA 

HR (95% CI) 
 P value 

Primary endpoint: All-cause 

mortality, stroke/TIA, main access 

site-related VARC 3 major vascular 

complications 

0.58 (0.45-0.75) <0.0001 0.59 (0.44-0.77) <0.0001 0.98 (0.72-1.35) 0.93 

   - All-cause mortality 0.79 (0.41-1.49) 0.46 0.50 (0.26-1.50) 0.04 1.58 (0.75-3.34) 0.23 

   - Stroke/TIA 1.31 (0.57-3.03) 0.53 2.66 (1.26-5.64) 0.01 0.50 (0.24-1.02) 0.06 

   - All-cause mortality or stroke/TIA 0.94 (0.56-1.59) 0.83 1.06 (0.65-1.73) 0.81 0.89 (0.52-1.53) 0.68 

   - Main access site-related VARC 3 

major vascular complications 
0.52 (0.39-0.69) <0.0001 0.49 (0.36-0.67) <0.0001 1.06 (0.74-1.52) 0.74 

       

CI denotes confidence interval; HR denotes hazard ratio; MI denotes myocardial infarction; TAA denotes trans-alternative access; TAVI denotes 

transcatheter aortic valve implantation; TIA denotes transitory ischemic attack; TFA denotes transfemoral access, TTA denotes transthoracic access; 

VARC denotes Valve Academic Research Consortium. 
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Supplemental Table 9. Kaplan-Meier estimates of risk at 1 year according to access route 

 

 
TTA 

n=642  

TFA 

n=518 

TAA 

n=547 

     P value (unadjusted) 

 3-group                2-group*          

All-cause mortality, stroke/TIA, main access site-

related VARC 3 major vascular complications 
44.7% (349) 29.1% (171) 28.2% (195) <0.0001 

TFA vs TTA:p<0.0001 

TAA vs TTA:p<0.0001 

  - All-cause mortality 19.8% (215) 13.4% (94) 11.3% (109) 0.0003 
TFA vs TTA: p=0.008 

TAA vs TTA:p=0.0002 

   - Stroke/TIA 3.1% (22) 3.1% (20) 6.8% (39) 0.002 
TTA vs TAA: p=0.002 

TFA vs TAA: p=0.009 

   - All-cause mortality or stroke/TIA 21.6% (130) 15.8% (67) 15.4% (78) 0.03 
TFA vs TTA: p=0.03 

TAA vs TTA: p=0.03 

   - Main access site-related VARC 3 major 

vascular complications 
34.3% (218) 19.1% (98) 17.6% (95) <0.0001 

TFA vs TTA: p<0.0001  

TAA vs TTA: p<0.0001 

Cardiac mortality 17.1% (157) 8.2% (51) 6.3% (45) <0.0001 
TFA vs TTA: =0.0001 

TAA vs TTA:p<0.0001 

Stroke 3.0% (20) 2.4% (15) 5.3% (31) 0.04 
TFA vs TAA: p=0.03 

TTA vs TAA: p=0.04 

VARC 3 major bleeding complications 27.2% (176) 13.3% (70) 13.4% (79) <0.0001 
TFA vs TTA: <0.0001 

TAA vs TTA:p<0.0001 

VARC 3 any bleeding complications 33.6% (220) 19.3% (102) 17.5% (104) <0.0001 
TFA vs TTA:p<0.0001 

TAA vs TTA:p<0.0001 

Myocardial infarction 1.4% (15) 2.2% (8) 1% (8) 0.59  

Event rates are Kaplan-Meier estimates (n events). ; TAA denotes trans-alternative access; TIA denotes transitory ischemic attack; TFA denotes trans-

femoral access; TTA denotes trans-thoracic access; VARC denotes Valve Academic Research Consortium. *For 2-group comparisons, only significant p 

values are reported.  
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Supplemental Table 10. Propensity-adjusted estimates of 1-year risk by TAVI access route after excluding patients treated with transcaval 

access 

 

 

 
TFA vs TTA 

HR (95% CI)  
P value 

TAA vs TTA 

HR (95% CI) 
P value 

TFA vs TAA 

HR (95% CI) 
 P value 

All-cause mortality, stroke/TIA, 

main access site-related VARC 3 

major vascular complications 

0.65 (0.51-0.83) 0.001 0.58 (0.45-0.75) <0.0001 1.12 (0.83-1.51) 0.46 

   - All-cause mortality 0.84 (0.55-1.30) 0.44 0.49 (0.31-0.78) 0.002 1.71 (0.98-2.98) 0.06 

   - Stroke/TIA 1.05 (0.49-2.26) 0.91 2.17 (1.11-4.25) 0.02 0.48 (0.24-0.97) 0.04 

   - All-cause mortality or stroke/TIA 0.89 (0.61-1.30) 0.55 0.69 (0.48-1.01) 0.05 1.29 (0.81-2.03) 0.28 

   - Main access site-related VARC 3 

major vascular complications 
0.52 (0.39-0.69) <0.0001 0.49 (0.36-0.67) <0.0001 1.06 (0.74-1.52) 0.74 

       

 
CI denotes confidence interval; HR denotes hazard ratio; MI denotes myocardial infarction; TAA denotes trans-alternative access; TAVI denotes 

transcatheter aortic valve implantation; TIA denotes transitory ischemic attack; TFA denotes transfemoral access, TTA denotes transthoracic access; 

VARC denotes Valve Academic Research Consortium. 
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Supplemental Table 11. Kaplan-Meier estimates of risk at 30 days and 1 year in patients with low Hostile scores (≤8.5) 

 

 
TTA 

n=354 

TFA 

n=392 

TAA 

n=218 

               P value 

3 group               2 group* 

30 days     

All-cause mortality, stroke/TIA, main access-

related VARC 3 major vascular complications 
40.1% (141) 21.9% (85) 24.1% (52) <0.0001 

TFA vs TTA<0.0001 

TTA vs TAA=0.0001 

All-cause mortality 5.2% (18) 3.4% (13) 3.3% (7) 0.41  

Stroke 2.9% (10) 1.6% (6) 4.3% (9) 0.14 TFA vs TAA=0.05 

Stroke/TIA 3.2% (11) 2.1% (8) 6.6% (14) 0.01 
TFA vs TAA=0.005 

TTA vs TAA=0.05 

Main access-related VARC 3 major vascular 

complications 
36.2% (127) 18.8% (73) 17.7% (38) <0.001 

TFA vs TAA<0.001 

TTA vs TAA<0.001 

  1 year      

All cause mortality, stroke/TIA, main access-

related VARC 3 major vascular complications 
45.7% (159) 26.4% (98) 28.3% (60) <0.0001 

TFA vs TTA<0.0001 

TAA vs TTA=0.0001 

All-cause mortality 

 
17.2% (56) 11.3% (35) 9.1% (18) 0.01 

TFA vs TTA=0.02 

TAA vs TTA=0.01 

Stroke 

 
4.1% (13) 1.6% (6) 4.9% (10) 0.08 TFA vs TAA=0.02 

Stroke/TIA 4.3% (14) 2.5% (9) 7.3% (15) 0.02 TFA vs TAA=0.006 

Main access-related VARC 3 major vascular 

complications 
36.2% (127) 18.8% (73) 17.7% (38) <0.001 

TFA vs TAA<0.001 

TTA vs TAA<0.001 

Event rates are Kaplan-Meier estimates (n events). stroke/TIA; TAA denotes trans-alternative access; TIA denotes transitory ischemic attack; TFA 

denotes trans-femoral access; TTA denotes trans-thoracic access; VARC denotes Valve Academic Research Consortium. Numbers in brackets 

denote the number of events. *For individual comparison between groups, only significant p values are reported.  
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Supplemental Table 12. Kaplan-Meier estimates of risk at 30 days and 1 year in patients with high Hostile scores (>8.5) 

 

 
TTA 

n=125 

TFA 

n=288 

TAA 

n=328 

                 P value 

 3 group                  2 group* 

30 days     

All-cause mortality, stroke/TIA, main access-

related VARC 3 major vascular complications 
35.2% (101) 26.5 % (33) 23.8 % (77) 0.01 TTA vs TAA=0.004 

All-cause mortality 7.3% (21) 7.3% (9) 5.1% (16) 0.42  

Stroke 1.1% (3) 4.9% (6) 4.4% (14) 0.03 
TFA vs TTA=0.01 

TTA vs TAA=0.01 

Stroke/TIA 1.1% (3) 4.9% (6) 5.4% (17) 0.01 
TFA vs TTA=0.01 

TTA vs TAA=0.003 

Main access-related VARC 3 major vascular 

complications 
31.9% (91) 20.2% (25) 17.7% (57) <0.001 

TFA vs TTA=0.03 

TTA vs TAA<0.001 

1 year      

All-cause mortality, stroke/TIA, main access-

related  VARC 3 major vascular complications 
43.5 % (123) 39.1 % (43) 28.1% (89) 0.002 TTA vs TAA=0.0003 

All-cause mortality 22.9% (63) 20.8% (20) 12.7% (37) 0.007 
TFA vs TAA=0.04 

TTA vs TAA=0.002 

Stroke 1.6% (4) 4.9% (6) 5.6% (17) 0.03 
TFA vs TTA=0.02 

TTA vs TAA=0.009 

Stroke/TIA 1.6% (4) 4.9% (6) 6.6% (20) 0.01 
TFA vs TTA=0.02 

TTA vs TAA=0.002 

Main access-related VARC 3 major vascular 

complications 
31.9% (91) 20.2% (25) 17.7% (57) <0.001 

TFA vs TTA=0.03 

TTA vs TAA<0.001 

Event rates are Kaplan-Meier estimates (n events). stroke/TIA; TAA denotes trans-alternative access; TIA denotes transitory ischemic attack; TFA denotes trans-

femoral access; TTA denotes trans-thoracic access; VARC denotes Valve Academic Research Consortium. *For individual comparison between groups, only 
significant p values are reported. 



67 

 

Supplemental Table 13. Independent predictors of 30-day all-cause mortality and stroke                                                                

 

 
HR (95% CI) P value 

 

All-cause mortality   

   

TFA   

STS score (per 1 unit) 1.09 (1.03-1.16) 0.02 

NYHA class (per 1 class) 1.92 (0.96-3.81) 0.06 

   

TTA   

Coronary artery disease 2.54 (1.06-6.08) 0.03 

STS score (per 1 unit) 1.05 (1.01-1.10) 0.046 

   

TAA   

NYHA class (per 1 class) 2.02 (1.02-4.14) 0.04 

   

Stroke*   

   

TFA   

High Hostile score (per 1 unit) 1.30 (1.06-1.58) 0.009 

   

TTA   

NYHA class (per 1 class) 2.96 (1.18-7.43) 0.02 

   

TAA   

None* - - 

   

CABG denotes coronary artery bypass graft; STS denotes Society of Thoracic Surgery;  

TAA denotes trans-alternative access; TFA denotes trans-femoral access; TTA denotes trans-

thoracic access.  

*No independent predictors of stroke were identified for TAA.    
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Supplemental Table 14. Independent predictors of 1-year all-cause death and stroke 

 

 
HR (95% CI) P value 

 

All-cause mortality   

   

TFA   

Prior stroke 2.44 (1.17-5.09) 0.02 

STS score (per 1 unit) 1.07 (1.02-1.12) 0.04 

High Hostile score (per 1 unit) 1.14 (1.04-1.26) 0.007 

   

TTA   

Coronary artery disease 1.69 (1.09-2.65) 0.02 

STS score (per 1 unit) 1.06 (1.03-1.09) <0.0001 

   

TAA   

Left ventricular ejection fraction (per 1%) 0.96 (0.94-0.98) 0.0004 

   

Stroke*   

   

TFA   

High Hostile score (per 1 unit) 1.30 (1.07-1.59) 0.009 

   

TTA   

None* - - 

   

TAA   

None* - - 

   

STS denotes Society of Thoracic Surgery. TAA denotes trans-alternative access; TFA  

denotes trans-femoral access; TTA denotes trans-thoracic access.  

*No independent predictors of stroke were identified for TTA and TAA. 
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Supplemental Table 15. Adjusted estimates of 30-day risk by TAVI access and Hostile iliofemoral risk score after excluding patients treated 

with transcaval access 

 

 

 
TFA vs TTA 

 Low-score 

TFA vs TTA  

High-score 
Pint 

TAA vs TTA  

Low-score 

TAA vs TTA 

High-score 
 Pint 

TFA vs TAA 

Low-score 

TFA vs TAA 

High-score 
  Pint 

All-cause mortality, 

stroke/TIA, main access-

related VARC 3 major 

vascular complications 

0.55 (0.41–0.73) 

p<0.0001 

0.68 (0.45–1.03) 

p=0.07 
0.42 

0.66 (0.46–0.94) 

p=0.02 

0.61 (0.44–0.85) 

p=0.004 
0.78 

0.83 (0.57–1.22) 

p=0.35 

1.11 (0. 71–1.73) 

p=0.66 
0.35 

All-cause mortality 
0.68 (0.32–1.47) 

p= 0.33 

1.00 (0.42–2.39) 

p=1.00 
0.52 

0.46 (0.17–1.24) 

p=0.13 

0.58 (0.25–1.34) 

p=0.20 
0.73 

1.46 (0.53–4.01) 

p=0.46 

1.72 (0.66–4.50) 

p=0.27 
0.82 

Stroke/TIA 
0.96 (0.37–2.53) 

p=0.94 

6.88 (1.66–28.36) 

p=0.008 
0.02 

3.70 (1.61–8.47) 

p=0.002 

5.20 (1.46–18.53) 

p=0.01 
0.66 

0.26 (0.10–0.67) 

p=0.005 

1.31 (0.48–3.65) 

p=0.60 
0.02 

Stroke 
0.89 (0.31–2.61) 

p=0.84 

6.82 (1.65–28.17) 

p=0.008 
0.02 

2.41 (0.93–6.24) 

p=0.07 

4.19 (1.13–15.47) 

p=0.03 
0.50 

0.37 (0.12–1.13) 

p=0.08 

1.63 (0.56–4.70) 

p=0.37 
0.06 

Main access-related VARC 3 

major vascular complications 

0.53 (0.39-0.72) 

p<0.0001 

0.53 (0.33-0.85) 

p=0.009 
0.98 

0.51 (0.34-0.77) 

p=0.001 

0.47 (0.32-0.68) 

p<0.0001 
0.79 

1.04 (0.67-1.61) 

p=0.86 

1.13 (0.68-1.89) 

p=0.64 
0.80 

Int. denotes interaction; TAA denotes trans-alternative access; TFA denotes transfemoral access; TIA denotes transitory ischemic attack: TTA denotes transthoracic access; VARC denotes Valve Academic 

Research Consortium. 
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Supplemental Table 16. Adjusted estimates of 1-year risks by TAVI access and Hostile iliofemoral risk score after excluding patients treated 

with transcaval access 

 

 

 
TFA vs TTA 

 Low-score 

TFA vs TTA  

High-score 
Pint 

TAA vs TTA  

Low-score 

TAA vs TTA 

High-score 
 Pint 

TFA vs TAA 

Low-score 

TFA vs TAA 

High-score 
  Pint 

All-cause mortality, CVA, 

main access-related VARC 3 

major vascular complications 

0.55 (0.41- 0.71) 

p<0.0001 

0.74 (0.52 –1.07) 

p=0.11 
0.17 

0.62 (0.44–0.87) 

p=0.006 

0.57 (0.42–0.77) 

p<0.001 
0.73 

0.87 (0.61–1.24) 

p=0.45 

1.29 (0.87–1.92) 

p=0.20 
0.14 

All-cause mortality 

 

0.61 (0.39-0.97) 

p=0.04 

0.84 (0.49-1.46) 

p=0.55 
0.39 

0.42 (0.23–0.75) 

p=0.004 

0.45 (0.28–0.74) 

p=0.001 
0.84 

1.46 (0.79 –2.70) 

p=0.22 

1.86 (1.01–3.45) 

p=0.057 
0.60 

CVA 

 

0.77 (0.31–1.89) 

p=0.57 

5.72 (1.56–21.04) 

p=0.009 
0.01 

2.61 (1.19–5.73) 

p=0.02 

4.95 (1.63–15.04) 

p=0.005 
0.36 

0.30 (0.12–0.73) 

p=0.008 

1.15 (0.43–3.11) 

p=0.78 
0.045 

Stroke 
0.59 (0.21–1.67) 

p=0.32 

5.68 (1.55–20.87) 

p=0.009 
0.008 

1.68 (0.68–4.11) 

p=0.26 

4.13 (1.32–12.88) 

p= 0.01 
0.22 

0.35 (0.12–1.05) 

p=0.06 

1.37 (0.50–3.80) 

p=0.54 
0.07 

Main access-related VARC 3 

major vascular complications 

0.53 (0.39–0.72) 

P<0.001 

0.53 (0.33–0.85) 

p=0.009 
0.98 

0.51 (0.34–0.77) 

p=0.001 

0.47 (0.32–0.68) 

p<0.001 
0.79 

1.04 (0.67–1.61) 

p=0.86 

1.13(0.68–1.89) 

p=0.47 
0.80 

Int. denotes interaction; TAA denotes trans-alternative access; TFA denotes transfemoral access; TIA denotes transitory ischemic attack: TTA denotes transthoracic access; VARC denotes Valve Academic 

Research Consortium. 
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SUPPLEMENTAL FIGURES 
 

Supplemental Figure 1. Anatomic subdivision of iliofemoral arteries 

For the Hostile score computation, each iliofemoral artery was divided into three segments: the 

common iliac artery, the external iliac artery and the common femoral artery.  
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Supplemental Figure 2. The Hostile score.  

Variables included in the Hostile score with the relative points
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Supplemental Figure 3. Hostile score calculation.  

Examples of patients with (A) low and (B) high Hostile score.  

 

Supplemental Figure 3A 
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Supplemental Figure 3B 
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