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Background-aims: Comparisons between alternative access routes for 

transcatheter aortic valve implantation (TAVI) in patients with hostile vascular 

access are scarce. This study aimed to perform a head-to-head comparison of 

various techniques (percutaneous transaxillary [P-TAx], surgically-assisted 

transaxillary [S-TAx], transcarotid [TCar], percutaneous transluminal angioplasty- 

assisted transfemoral [PTA-TF], transbrachiocephalic [TBra], and transcaval 

[TCav]) with respect to the 30-day outcome of patients undergoing TAVI.

Methods: NORTHOSTAVI (NORTh Europe HOStile access TAVI) was an international 

registry that included patients undergoing TAVI via various endovascular transarterial 

access routes in Northern European countries. The primary endpoint was the 

adjusted 30-day rate of composite overall mortality, disabling stroke, main access 

site-related major vascular complications, and major bleeding according to VARC- 

3 criteria.

Results: In total, 531 patients were enrolled in the study across 14 centers. The main 

access routes were TCar (N = 183, 35%), P-TAx (N = 153, 29%), S-TAx (N = 79, 15%), 

and PTA-TF (N = 76, 14%), while TBra and TCav were used in 23 (4%) and 17 (3%) 

patients, respectively. Technical success was achieved in 95% of cases, 30-day 

overall and event-free survival rates were 97% and 91%, respectively, similar 

between groups. P-TAx, but not S-TAx or PTA-TF, was associated with an 

increased adjusted risk of overall stroke (adjusted OR: 4.21; 95%CI: 1.129–15.747; 

p = 0.003) compared to TCar. PTA-TF was associated with an increased adjusted 

risk of main access site-related major vascular complications (adjusted OR: 7.71; 

95%CI: 1.367–43.554; p = 0.02) compared to TCar.
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Conclusions: The NORTHOSTAVI registry showed that in patients with hostile 

iliofemoral anatomy, TAVI via various endovascular transarterial access route is 

efficient and safe.

KEYWORDS

TAVI, endovascular access, alternative access, peripheral arterial disease, VARC-3

1 Introduction

The transfemoral (TF) route is the default access for 

transcatheter aortic valve implantation (TAVI), showing reduced 

mortality compared to surgical aortic valve replacement (SAVR) 

in meta-analysis of randomized trials (1). Approximately 5%– 

10% of patients who are candidates for TAVI have severe 

peripheral artery disease that precludes the procedure via this 

route (2, 3). Transthoracic (transapical and transaortic) access 

routes have demonstrated higher mortality than TF TAVI, due 

to the higher-risk profile of the selected patients and the more 

invasive nature of these procedures (4, 5).

Therefore, several alternative endovascular access routes 

(transsubclavian, transaxillary, transcarotid, transbrachiocephalic, 

and transcaval) were developed to mitigate the poor outcome of 

transthoracic TAVI in patients with hostile iliofemoral anatomy 

(6–11). Some peripheral angioplasty techniques, including 

balloon, stent, and lithotripsy, have demonstrated the feasibility 

of a TF approach despite unfavorable access (12, 13).

The transarterial series showed high technical success with 

better outcome than transthoracic procedures, yet with higher 

rates of vascular complications and strokes compared to TF 

TAVI (14). Nowadays, the selection of the optimal access for 

patients with hostile iliofemoral anatomy is based on physician 

preference and/or available local resources. Comparisons of 

these alternative techniques are scarce.

The aim of the present study was to perform a head-to-head 

comparison of various endovascular alternative access routes 

and the TF approach prepared by peripheral angioplasty with 

respect to the procedural outcome in patients undergoing TAVI, 

according to the Valve Academic Research Consortium 3 

(VARC-3) criteria (15).

2 Methods

2.1 Population and data collection

NORTHOSTAVI (NORTh Europe HOStile access TAVI) was an 

international, multicenter registry that included retrospective data on 

patients undergoing TAVI in Northern European countries 

(Belgium, Denmark, and the Netherlands). This all-comers registry 

included patients with hostile femoral access, defined as severe 

peripheral artery disease precluding the TF access route, who 

underwent TAVI via an alternative endovascular access or by the 

TF access assisted by peripheral angioplasty.

Data from patients at participating centers were collected 

prospectively on site according to the rules of the local ethics 

committee. De-identified data were entered retrospectively into a 

dedicated database of the present registry for observational 

analysis. All items in the database were defined according to the 

VARC-3 criteria.

Ethical approval was granted by the ethics committee of each 

participating center.

The inclusion criteria were patients with severe aortic stenosis 

and severe peripheral artery disease precluding TF TAVI, who 

underwent alternative endovascular TAVI (percutaneous 

transaxillary [P-TAx], surgically-assisted transaxillary [S-TAx], 

transcarotid [TCar], transbrachiocephalic [TBra], transcaval 

[TCav]) or percutaneous transluminal angioplasty-assisted TF 

[PTA-TF]), with a 30-day follow-up available, according to the 

VARC-3 criteria.

Exclusion criteria were transthoracic TAVI, peripheral artery 

disease not requiring an angioplasty to allow a TF TAVI, and 

unplanned peripheral angioplasty performed as a bailout 

treatment due to a vascular complication during the procedure.

2.2 Endpoints

The primary endpoint was the adjusted 30-day rate of composite 

overall mortality, disabling stroke, major bleeding, and main access 

site-related VARC-3 major vascular complications.

The secondary endpoints were the components of the primary 

endpoint, the new permanent pacemaker rate, and the intended 

performance of the valve according to the VARC-3 criteria at 

30 days.

2.3 Statistical analysis

Continuous variables are presented as mean ± 1 standard 

deviation when symmetrically distributed, and as median and 

range when non-symmetrically distributed. Normality was 

assessed using the Shapiro–Wilk test. Categorical variables are 

presented as counts and percentages. Continuous variables were 

compared among groups using ANOVA when normally 

distributed, and using the Kruskall-Wallis test with ad hoc post 

Abbreviations  

CEPD, cerebral embolic protection device; IVL, intravascular lithotripsy; P- 

TAx, percutaneous transaxillary; PTA-TF, percutaneous transluminal 

angioplasty-assisted transfemoral; SAVR, surgical aortic valve replacement; S- 

Tax, surgically-assisted transaxillary; STS, Society of Thoracic Surgeons; 

TAVI, transcatheter aortic valve implantation; TAx, transaxillary; TBra, 

transbrachiocephalic; TCar, transcarotid; TCav, transcaval; TF, transfemoral; 

VARC-3, valve academic research consortium 3.
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hoc tests when not normally distributed. Categorical variables 

were tested using the chi-square test or Fisher’s exact test, as 

appropriate. A multivariate logistic regression analysis was 

performed to explain the primary endpoint and adjust for 

confounding factors, including age, Society of Thoracic Surgeons 

(STS) score, and left ventricular ejection fraction. Estimates of 

freedom from the composite endpoint of death and major 

adverse events were obtained using the Kaplan–Meier estimation 

method. The log-rank test was used to assess the difference in 

survival curves. A p-value < 0.05 was considered statistically 

significant. The statistical analyses were conducted using IBM 

SPSS Statistics for Windows, version 29.0.2.0 (IBM Corp., 

Armonk, NY, USA) and JMP® Pro 17.2.0 (JMP Statistical 

Discovery LLC, Cary, NC, USA).

3 Results

3.1 Patients

Between November 2009 and June 2024, 531 patients were 

enrolled in the study across 14 centers. The four main access 

routes for TAVI were TCar (183 patients, 35%), P-TAx (153 

patients, 29%), S-TAx (79 patients, 15%), and PTA-TF (76 

patients, 14%), while TBra and TCav were used in 23 (4%) and 

17 (3%) patients, respectively. The number of TAVIs by access 

route at each participating center is presented in Supplementary 

Table S1. Five out of 14 centers restricted alternative access to 

one technique only, while the TBra route was only used in 

one center.

The population in this study was considered intermediate to high 

risk: the mean age was 81 ± 7 years, the mean STS score was 5 ± 4, and 

NYHA class III–IV was observed in 60% of patients, coronary artery 

disease in 63%, chronic renal failure in 52%, and chronic lung disease 

in 35%. Obesity and overweight were observed in 22% and 36% 

respectively. Baseline characteristics are shown in Table 1, revealing 

significant differences in age and comorbidities between groups, 

which resulted in statistically significant differences in STS scores 

by access route. A prior coronary artery bypass graft was less 

common in the P-TAx group, likely because of the risk of 

interference between the left internal mammary artery and the 

sheath introduced into the left subclavian artery. Chronic lung 

disease was less common in the TCar group, requiring general 

anesthesia and endotracheal intubation.

3.2 Procedural outcome

The procedural outcome is detailed in Table 2.

Patients underwent TAVI using a self-expanding valve in 92% of 

cases (Corevalve/Evolut: 60%, Portico/Navitor: 26% and Accurate: 

6%) and balloon-expanding Sapien valve in 8%, with significant 

differences in the types of valves implanted depending on the 

access route: Evolut/Corevalve was implanted in 89% of cases in 

the TCar group, while the Portico/Navitor platform was used in 

49% of cases in the P-TAx group (p < 0.0001).

TABLE 1 Baseline characteristics.

Characteristic Total TCar P-TAx S-TAx PTA-TF TBra TCav p-value

N = 531 N = 183 N = 153 N = 79 N = 76 N = 23 N = 17

Age, years Mean ± sd 81 ± 7 83 ± 7 79 ± 7 79 ± 8 81 ± 6 77 ± 9 79 ± 8 <0.0001

Male gender n (%) 317 (60) 115 (63) 88 (57) 27 (34) 40 (53) 14 (61) 8 (47) 0.482

Body mass index, kg/m2 Mean ± sd 26 ± 5 26 ± 5 26 ± 6 26 ± 5 26 ± 5 27 ± 5 26 ± 5 0.727

Society of Thoracic Surgeons score Mean ± sd 5 ± 4 6 ± 5 4 ± 3 4 ± 3 5 ± 3 9 ± 5 5 ± 3 <0.0001

NYHA functional class III-IV n (%) 314 (60) 88 (48) 87 (57) 58 (73) 49 (64) 18 (78) 14 (81) 0.001

Aortic valve area, cm2 Mean ± sd 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2 0.803

Mean transvalvular gradient, mmHg Mean ± sd 44 ± 14 45 ± 13 44 ± 15 43 ± 16 44 ± 13 39 ± 14 43 ± 17 0.358

Left ventricular ejection fraction, % Mean ± sd 54 ± 12 57 ± 11 54 ± 12 52 ± 10 51 ± 11 49 ± 13 55 ± 10 0.0003

Aortic regurgitation ≥ moderate n (%) 76 (14) 29 (16) 14 (9) 19 (24) 9 (12) 5 (22) 0 0.331

Atrial fibrillation n (%) 180 (34) 66 (36) 55 (36) 19 (24) 27 (36) 7 (30) 6 (35) 0.905

Coronary artery disease n (%) 332 (63) 126 (69) 80 (52) 39 (49) 18 (78) 15 (88) 54 (71) <0.0001

Prior myocardial infarction n (%) 113 (21) 45 (25) 21 (14) 23 (29) 13 (57) 0 11 (14) <0.0001

Prior coronary angioplasty n (%) 194 (37) 59 (32) 59 (39) 24 (30) 34 (45) 10 (43) 8 (47) 0.286

Prior coronary artery bypass graft n (%) 100 (19) 40 (22) 21 (14) 15 (19) 10 (43) 3 (18) 11 (14) 0.024

Chronic lung disease n (%) 185 (35) 45 (25) 66 (43) 35 (44) 8 (35) 6 (35) 25 (33) 0.0023

Diabetes n (%) 156 (29) 51 (28) 50 (33) 24 (30) 25 (33) 4 (17) 2 (12) 0.244

Mediastinal radiation n (%) 15 (3) 7 (4) 2 (1) 2 (2) 2 (3) 2 (9) 0 0.314

Porcelain aorta n (%) 20 (3.8) 7 (4) 5 (3) 4 (5) 3 (4) 1 (4) 0 0.944

Chronic renal failure n (%) 278 (52) 96 (52) 73 (48) 44 (56) 39 (51) 15 (65) 11 (65) 0.567

Prior stroke n (%) 87 (16) 23 (13) 30 (20) 11 (14) 12 (16) 8 (35) 3 (18) 0.093

Prior pacemaker n (%) 44 (8) 19 (10) 14 (9) 1 (1) 7 (9) 1 (4) 2 (12) 0.575

Prior surgical aortic valve replacement n (%) 17 (3) 7 (4) 5 (3) 4 (5) 1 (1) 0 0 0.597

Prior transcatheter aortic valve implantation n (%) 1 (0.2) 1 (1) 0 0 0 0 0 0.753

P-TAx, percutaneous transaxillary; S-TAx, surgically-assisted transaxillary; TCar, transcarotid, PTA-TF, percutaneous transluminal angioplasty-assisted transfemoral; TCav, transcaval; 

TBra, transbrachiocephalic.
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General anesthesia was required for 77% of the study 

population and 98% of TCar patients, compared to only 36% of 

PTA-TF procedures.

Pre-dilatation was used significantly less often in the TCar 

group (27% vs. >50% in all other groups, p < 0.0001). Post- 

dilatation was less frequently needed in the TCar group as 

well (5% vs. >20% in all other groups, p < 0.0001). A surgical 

cut-down was used in all TCar and TBra cases, but none of 

the PTA-TF cases. Echo-guided percutaneous vascular 

puncture was used in 100% of PTA-TF and TCav procedures 

and 86% of P-TAx procedures. No surgical cut-down access 

was echo-guided.

Surgical closure of the main access was performed in all 

S-TAx, TCar, and TBra cases, but in none of the P-TAx and 

PTA-TF cases. Percutaneous closure was performed using a 

combination of devices (mainly Angio-Seal + ProGlide) in 59% 

and 47% of P-TAx and PTA-TF cases, respectively, while a 

covered stent was needed in 22% and 9% of P-TAx and PTA-TF 

cases, respectively. The secondary vascular access was primarily 

femoral (80%), with the highest rate of radial access observed in 

the P-TAx group (41%).

For the PTA-TF access route, the most common technique for 

preparing the femoral vessel was intravascular lithotripsy (IVL), 

employed in 97% of cases, while a regular balloon was used in 

TABLE 2 Procedural outcome.

Characteristic Total TCar P-TAx S-TAx PTA-TF TBra TCav p-value

N = 531 N = 183 N = 153 N = 79 N = 76 N = 23 N = 17

Aortic annulus perimeter-derived diameter Mean ± sd 25 ± 2 25 ± 2 25 ± 2 25 ± 2 25 ± 2 26 ± 3 24 ± 2 <0.0001

Aortic annulus perimeter Mean ± sd 78 ± 8 78 ± 7 78 ± 8 78 ± 7 78 ± 8 80 ± 8 75 ± 5 0.272

Aortic valve calcium score Mean ± sd 2996 ± 1394 3039 ± 1,383 2,962 ± 1,262 2,883 ± 1,274 3,188 ± 1,467 2,511 ± 1,905 NAV 0.431

Bicuspid aortic valve n (%) 16 (3) 1 (1) 5 (3) 3 (4) 4 (5) 0 3 (18) 0.006

Type of valve implanted <0.0001

Balloon/self-expanding valve % 8/92 9/91 1/99 18/82 9/91 0/100 18/82

CoreValve/Evolut n (%) 321 (60) 162 (89) 62 (41) 46 (58) 26 (34) 23 (100) 2 (12)

Sapien n (%) 43 (8) 17 (9) 2 (1) 14 (18) 7 (9) 0 3 (18)

Portico/Navitor n (%) 136 (26) 4 (2) 75 (49) 18 (23) 28 (37) 0 11 (65)

Acurate n (%) 31 (6) 0 14 (9) 1 (1) 15 (20) 0 1 (6)

Size of valve implanted Mean ± sd 29 ± 3 29 ± 3 29 ± 3 29 ± 3 28 ± 4 27 ± 2 29 ± 3 <0.0001

Type of anesthesia <0.0001

Local n (%) 47 (9) 1 (1) 15 (10) 1 (1) 29 (38) 0 1 (6)

Conscious sedation n (%) 73 (14) 3 (1) 44 (29) 6 (8) 20 (26) 0 0

General n (%) 411 (77) 179 (98) 94 (61) 72 (91) 27 (36) 23 (100) 16 (94)

Pre-dilatation n (%) 317 (60) 48 (27) 126 (82) 44 (56) 64 (84) 22 (96) 13 (76) <0.0001

Post-dilatation n (%) 92 (17) 10 (5) 36 (24) 21 (27) 18 (24) 0 7 (41) <0.0001

Surgical cut-down n (%) 285 (54) 183 (100) 0 79 (100) 0 23 (100) 0 <0.0001

Echo-guided puncture n (%) 245 (46) 0 131 (86) 0 76 (100) 0 17 (100) <0.0001

Closure technique <0.0001

ProGlide n (%) 46 (9) 0 19 (12) 0 27 (36) 0 0

Prostar n (%) 2 (0.4) 0 1 (1) 0 1 (1) 0 0

Manta n (%) 14 (3) 0 9 (6) 0 5 (7) 0 0

Duct Occluder n (%) 17 (3) 0 0 0 0 0 17 (100)

Combination of devices n (%) 126 (25) 0 91 (59) 0 36 (47) 0 0

Covered stent n (%) 40 (7) 0 33 (22) 0 7 (9) 0 0

Surgical closure n (%) 285 (54) 183 (100) 0 79 (100) 0 23 (100) 0

Secondary vascular access <0.0001

Femoral n (%) 425 (80) 166 (91) 89 (58) 70 (89) 63 (83) 20 (87) 17 (100)

Radial n (%) 100 (19) 17 (9) 62 (41) 5 (6) 13 (17) 3 (13) 0

Other n (%) 6 (1) 0 2 (1) 4 (5) 0 0 0

Type of peripheral angioplasty

Balloon n (%) 2 (0.4) 0 0 0 2 (2.5) 0 0

Lithotripsy n (%) 74 (14) 0 0 0 74 (97) 0 0

Stent n (%) 2a (0.4) 0 0 0 2a (2.5) 0 0

Fluoroscopy time, minutes Mean ± sd 26 ± 14 14 ± 7 28 ± 17 24 ± 8 29 ± 11 25 ± 8 34 ± 15 <0.0001

Contrast volume, ml Mean ± sd 116 ± 61 136 ± 88 95 ± 38 107 ± 38 114 ± 57 184 ± 54 140 ± 46 <0.0001

Technical success n (%) 502 (95) 175 (96) 146 (95) 74 (94) 71 (93) 22 (96) 14 (82) 0.42

Length of hospital stay, days Mean ± sd 6 ± 5 7 ± 4 4 ± 4 6 ± 8 4 ± 4 9 ± 5 5 ± 5 <0.0001

P-TAx, percutaneous transaxillary; S-TAx, surgically-assisted transaxillary; TCar, transcarotid, PTA-TF, percutaneous transluminal angioplasty-assisted transfemoral; TCav, transcaval; 

TBra, transbrachiocephalic.
aTwo stents combined with intravascular lithotripsy.
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two cases and a vascular stent was implanted in addition to IVL in 

two other cases.

A cerebral embolic protection device (CEPD) was used in 42 

patients (7.9%): 32 in PTA-TF and 10 in P-TAx group.

At discharge, antithrombotic therapy was single antiplatelet 

(N = 157, 30%), dual antiplatelet (N = 156, 30%), anticoagulant 

(N = 76, 15%), combined antiplatelet + anticoagulant (N = 126, 

25%) and none in one patient.

The Puoroscopy time was significantly shorter in the TCar group 

(14 ± 7 min vs. 26 ± 14 min in the total cohort, p < 0.0001), whereas 

the iodinated contrast agent volume was the lowest in the P-TAx 

group (95 ± 38 ml vs. 116 ± 61 ml in the total cohort, p < 0.0001).

Technical success was achieved in 95% of the total cohort, 

with no significant difference between groups. The mean 

hospital stay was significantly shorter after PTA-TF and P-TAx 

(4 ± 4 days vs. 6 ± 5 days in the total cohort, p < 0.0001).

3.3 30-day follow-up

The in-hospital and 30-day overall mortality rates were 2.4% 

and 2.8%, respectively, with no significant differences between 

groups (Table 3).

Regarding the combined primary endpoint (adjusted 30-day rate 

of composite overall mortality, disabling stroke, main access site- 

related major vascular complications, and major bleeding), the 

Kaplan–Meier analysis showed an event-free survival rate of 91% 

at 30 days, which was similar across access routes (Figure 1).

The TCav and TBra groups were excluded from this Kaplan– 

Meier analysis due to the very small number of patients (<30) 

treated via these access routes.

The cause of death was a cardiovascular event in 87% of cases, 

and a stroke in 47%.

The 30-day stroke rate was 4.3%: all were ischemic, and 40% of 

them were disabling. On multivariate analysis (Supplementary 

Table S2), prior stroke (HR 2.78, p = 0.028) and prior myocardial 

infarction (HR 2.69, p = 0.027) were independent predictors for 

stroke after TAVI, while there was a non-significant tendency for 

atrial fibrillation (HR 2.23, p = 0.06). After adjusting for 

confounding factors, P-Tax, but not S-TAx or PTA-TF, was 

associated with an increased risk of overall, but not disabling, 

stroke compared to TCar (adjusted OR: 4.21; 95%CI: 1.129– 

15.747; p = 0.003—adjusted OR: 4.51; 95%CI: 0.586–34.680; 

p = 0.147, respectively). There were no significant differences in 

the adjusted risk of overall or disabling stroke between P-TAx and 

S-TAx, or between PTA-TF and P-TAx or S-TAx (Table 4).

The rate of overall and disabling stroke was not statistically 

different among patients with than in those without CEPD (9.5 

vs. 3.9%, p = 0.09 and 4.7 vs. 1.4%, p = 0.15).

Main access site-related major vascular complications 

occurred in 3% of cases in the total cohort and in 18% of cases 

in the TCav group (p = 0.013). PTA-TF was associated with a 

higher adjusted risk compared to TCar (adjusted OR: 7.71; 95% 

CI: 1.367–43.554), with no significant differences compared to 

the P-TAx or S-TAx groups.

In the P-TAx group, echo-guided puncture (86% of cases) had 

no significant impact on major vascular complications (1.5% vs. 

4.5%, p = 0.37) or major bleeding (9% vs. 4.5%, p = 0.69).

Major bleeding occurred in 4% of cases, with a higher adjusted 

risk in the P-TAx group compared to the TCar group (adjusted 

OR: 7.91; 95%CI: 2.193–28.589).

Acute kidney injury ≥2 occurred in 7% of patients, with a 

significantly higher rate in the TCav group (29%, p < 0.0001).

BMI has no impact on the occurrence of adverse events.

There was a 10% rate of new pacemaker implantation, which 

was similar between the groups.

Device success was achieved in 90% of patients, with a 

significantly lower rate in the TBra group (74%, p < 0.0001). 

Indeed, a high rate of at least moderate aortic regurgitation 

(22%) led to poor valve performance, which was significantly 

lower with the TBra access route.

Since the inclusion period spansed 15 years, a stratified analysis by 

period (2009–2014, 2015–2019, 2020–2024) was performed to assess 

the impact of TAVI technology and patient’s profile on the outcome. 

TABLE 3 30-day follow-up.

Characteristic Total TCar P-TAx S-TAx PTA-TF TBra TCav p-value

N = 531 N = 183 N = 153 N = 79 N = 76 N = 23 N = 17

Primary endpoint n (%) 60 (11) 14 (8) 23 (15) 8 (10) 10 (13) 1 (4) 5 (29) 0.927

Overall mortality n (%) 15 (2.8) 6 (3.3) 4 (2.6) 2 (2.5) 1 (1.3) 1 (4.3) 1 (5.8) 0.904

Overall stroke n (%) 23 (4.3) 4 (2) 9 (6) 6 (8) 4 (5) 0 0 0.138

Disabling stroke n (%) 9 (2) 2 (1) 3 (2) 2 (3) 2 (3) 0 0 0.468

Main access site major vascular complication n (%) 14 (3) 2 (1) 3 (2) 1 (1) 5 (6) 0 3 (18) 0.013

Major bleeding n (%) 23 (4) 4 (2) 13 (8) 3 (4) 2 (3) 0 1 (6) 0.037

Acute kidney injury ≥2 n (%) 39 (7) 2 (1) 19 (12) 5 (6) 7 (9) 1 (4) 5 (29) <0.0001

New pacemaker n (%) 55 (10) 16 (9) 18 (12) 10 (13) 7 (9) 4 (17) 0 0.188

Echocardiographic 30-day follow-up

Aortic valve area, cm2 Mean ± sd 2 ± 1 2.1 ± 0.6 2 ± 0.5 1.9 ± 0.6 1.9 ± 0.6 2 ± 1 1.8 ± 0.3 0.1

Mean transvalvular gradient, mmHg Mean ± sd 8 ± 4 9 ± 4 8 ± 4 7 ± 4 8 ± 3 8 ± 4 8 ± 5 0.1

Aortic regurgitation ≥moderate n (%) 20 (4) 8 (4) 2 (1) 2 (2) 3 (4) 5 (22) 0 <0.0001

Device success 480 (90) 167 (91) 143 (93) 72 (91) 67 (88) 17 (74) 14 (82) <0.0001

P-TAx, percutaneous transaxillary; S-TAx, surgically-assisted transaxillary; TCar, transcarotid, PTA-TF, percutaneous transluminal angioplasty-assisted transfemoral; TCav, transcaval; 

TBra, transbrachiocephalic.
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Surprisingly, we did not observe any significant difference in baseline 

characteristics between the three periods of time (Supplementary 

Table S3). Access routes were significantly different with more 

S-TAx approach in 2009–2014 and more P-TAx and PTA-TF in 

2020–2024, while TCar remained stable overtime. The outcome of 

patient was similar between the 3 periods of time with no difference 

in the rate of adverse events overtime.

4 Discussion

The study’s most important findings were: 

1. Among patients with hostile iliofemoral anatomy, TAVI using 

various endovascular transarterial access route is efficient and 

safe, with 30-day overall and event-free survival rates of 97% 

and 91%, respectively, which were similar between groups.

2. The TCar access route exhibited the lowest stroke rate, while 

P-TAx was associated with a higher adjusted risk of overall, 

but not disabling, stroke compared to TCar.

3. PTA-TF provided the shortest hospital stay and lowest 30-day 

mortality (1.3%), and was not associated with an increased risk 

of death or stroke compared to TCar.

4.1 Efficiency and safety of TAVI in case of 
hostile iliofemoral anatomy

Among patients with severe peripheral arterial disease that 

precludes TF TAVI, series have reported the feasibility of 

alternative endovascular access routes, providing better results 

than the transthoracic approach, but with a relatively high rate 

of major adverse events compared with regular TF TAVI (2–5).

The Hostile registry (14) reported a 30-day mortality rate of 

4.4% for both TF or other transarterial access among patients 

with STS scores of 5.9 and 5.3, respectively. In our series, the 

30-day mortality rate was only 2.8%, with a relatively similar 

STS score of 5.3, with no differences between access routes. The 

causes of death were primarily cardiovascular and procedure- 

related, with most occurring during the index hospitalization 

(87% of cases).

Technical success was achieved in 95% of cases, device success 

in 90%, and the 30-day event-free survival rate was 91%, thereby 

confirming the high feasibility of TAVI via TCar, S-TAx, P-Tax, 

and PTA-TF despite unfavorable anatomy. Although TCav was 

technically feasible, it had a high rate of periprocedural vascular 

complications (18%; p = 0.01 vs. the total cohort) and lower 

technical success than PTA-TF (82% vs. 93%; p = 0.009).

TBra had a very high technical success rate (96%), but a 

significantly higher rate of at least moderate aortic 

regurgitation, resulting in a significantly lower device success 

rate compared to other access routes (74% vs. 90% in the total 

cohort; p < 0.0001).

In the general population of TF TAVI, the risk profile of 

patients moved from high at the early days to low risk in the 

current era. But, this shift of risk profile was not observed 

during the 15 years of the NORTHOSTAVI registry, including 

patients with hostile iliofemoral anatomy and severe peripheral 

arterial disease, undergoing TAVI with a similar outcome 

overtime. The fact that patients included during the period 

FIGURE 1 

30-day rate of the composite primary endpoint (overall mortality, disabling stroke, major bleeding, and main access site-related major vascular 

complications) stratified by access route. The Kaplan–Meier analysis showed a 30-day event-free survival rate of 91%, which was similar across 

groups. P-TAx, percutaneous transaxillary; S-TAx, surgically-assisted transaxillary; TCar, transcarotid; PTA-TF, percutaneous transluminal 

angioplasty-assisted transfemoral.
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2020–2024 comprised for 72% of the total cohort, may mitigate 

changes in profile and outcome overtime. Moreover, the risk 

profile of those TAVI candidates with peripheral arterial disease 

is so severe, that it could remain relatively stable between the 

year 2009 and 2024.

Access routes were more often S-TAx in the period 2009–2014 

and P-TAx and PTA-TF in 2020–2024, while transcarotid 

remained stable overtime. The more recent development of IVL for 

peripheral disease and the improvement of the device’s profile 

explain probably this shift from S-TAx to P-TAx and PTA-TF.

4.2 Stroke rate by access route

The stroke rate has been shown to be high among non-TF TAVI 

patients, mainly due to their higher-risk profile and hostile vascular 

anatomy (13, 14, 16). Despite advances in TAVI techniques, stroke 

remains the most feared complication, which can be caused by 

dislodgment of calcified debris, aortic valve tissue, or a transient 

reduction in cerebral blood Pow during the procedure.

Although a higher risk of cerebrovascular events was 

anticipated with the TCar access route, Beurtheret et al. (2) 

TABLE 4 Adjusted risks of adverse events stratified by access route.

Event Unadjusted odds ratio p-value Adjusted odds ratio p-value

(95% confidence interval) (95% confidence interval)

Primary endpoint

P-TAx vs. TCar 2.91 [1.282–6.590] 0.011 0.61 [0.278–1.337] 0.217

S-TAx vs. TCar 1.87 [0.674–5.239] 0.227 0.79 [0.313–2.014] 0.628

P-TAx vs. S-TAx 1.54 [0.624–3.831] 0.346 0.76 [0.282–2.087] 0.604

P-TAx vs. PTA-TF 1.27 [0.535–3.052] 0.581 0.67 [0.255–1.778] 0.425

S-TAx vs. PTA-TF 0. 82 [0.284–2.402] 0.726 0.87 [0.296–2.596] 0.813

PTA-TF vs. TCar 2.27 [0.842–6.138] 0.104 0.90 [0.375–2.186] 0.825

Stroke

P-TAx vs. TCar 2.79 [0.844–9.267] 0.092 4.21 [1.129–15.747] 0.003

S-TAx vs. TCar 3.67 [1.008–13.416] 0.048 4.21 [0.940–18.908] 0.060

P-TAx vs. S-TAx 0.76 [0.260–2.218] 0.616 0.99 [0.285–3.501] 1.000

P-TAx vs. PTA-TF 1.12 [0.335–3.777] 0.848 1.07 [0.305–3.778] 0.910

S-TAx vs. PTA-TF 1.47 [0.400–5.463] 0.556 1.07 [0.253–4.563] 0.921

PTA-TF vs. TCar 2.48 [0.605–10.209] 0.206 3.92 [0.890–17.273] 0.007

Disabling stroke

P-TAx vs. TCar 1.81 [0.298–10.974] 0.518 4.51 [0.586–34.680] 0.147

S-TAx vs. TCar 2.35 [0.325–16.991] 0.397 2.79 [0.212–36.751] 0.434

P-TAx vs. S-TAx 0.77 [0.125–4.705] 0.777 1.61 [0.157–16.533] 0.686

P-TAx vs. PTA-TF 0.74 [0.121–4.525] 0.744 0.86 [0.135–5.520] 0.878

S-TAx vs. PTA-TF 0.96 [0.131–7.000] 0.968 0.53 [0.046–6.251] 0.619

PTA-TF vs. TCar 2.44 [0.338–17.689] 0.375 5.21 [0.609–44.542] 0.131

Major vascular complication

P-TAx vs. TCar 1.81 [0.298–10.974] 0.518 2.02 [0.314–13.076] 0.457

S-TAx vs. TCar 1.16 [0.103–12.984] 0.904 1.39 [0.117–16.515] 0.794

P-TAx vs. S-TAx 1.56 [0.159–15.246] 0.702 1.45 [0.148–14.309] 0.746

P-TAx vs. PTA-TF 0.28 [0.066–1.221] 0.091 0.26 [0.060–1.146] 0.075

S-TAx vs. PTA-TF 0.18 [0.020–1.596] 0.124 0.18 [0.020–1.592] 0.123

PTA-TF vs. TCar 6.37 [1.208–33.607] 0.029 7.71 [1.367–43.554] 0.021

Major bleeding

P-TAx vs. TCar 4.50 [1.451–13.995] 0.009 7.91 [2.193–28.589] 0.001

S-TAx vs. TCar 1.76 [0.386–8.083] 0.463 1.08 [0.109–10.707] 0.945

P-TAx vs. S-TAx 2.55 [0.710–9.157] 0.151 7.31 [0.933–57.339] 0.058

P-TAx vs. PTA-TF 3.72 [0.824–16.839] 0.087 3.83 [0.827–17.759] 0.085

S-TAx vs. PTA-TF 1.46 [0.237–8.992] 0.682 0.52 [0.045–5.984] 0.603

PTA-TF vs. TCar 1.20 [0.216–6.746] 0.828 2.06 [0.342–12.453] 0.428

Overall mortality

P-TAx vs. TCar 0.79 [0.219–2.859] 0.721 1.75 [0.408–7.571] 0.448

S-TAx vs. TCar 0.76 [0.151–3.881] 0.747 1.78 [0.299–10.670] 0.523

P-TAx vs. S-TAx 1.03 [0.185–5.769] 0.970 0.98 [0.170–5.673] 0.985

P-TAx vs. PTA-TF 2.01 [0.221–18.331] 0.534 2.28 [0.243–21.431] 0.469

S-TAx vs. PTA-TF 1.94 [0.172–21.938] 0.589 2.32 [0.200–26.912] 0.499

PTA-TF vs. TCar 0.39 [0.046–3.323] 0.391 0.76 [0.083–7.119] 0.817

P-TAx, percutaneous transaxillary; S-TAx, surgically-assisted transaxillary; TCar, transcarotid, PTA-TF, percutaneous transluminal angioplasty-assisted transfemoral; TCav, transcaval; 

TBra, transbrachiocephalic.
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reported similar stroke rates with TCar and TAx (3.6% vs. 2.9%, 

p = NS), and Chamandi et al. (9) demonstrated similar stroke 

rates with TCar and transthoracic TAVI (2.1% vs. 3.5%, p = NS). 

In our series, the 30-day overall stroke rate was 4.3% in the total 

cohort and 2% in the TCar group. Patient selection, operator 

experience, and procedural optimization, including monitoring 

of cerebral perfusion pressure, can explain this relatively 

low incidence of cerebrovascular events, but still have 

disastrous consequences.

Indeed, strokes accounted for half of the deaths in our 

NORTHOSTAVI registry. TCar had the lowest stroke rate, and 

P-TAx, but not PTA-TF, was associated with a higher adjusted 

risk of stroke compared to TCar. In the Hostile registry (14), 

Palmerini et al. reported higher 1-year stroke/transient ischemic 

attack rates with the alternative transarterial route than with the 

TF route, with the transaxillary approach comprising for 92% of 

the alternative transarterial group. On the other hand, Van Wely 

et al. (10) stated that as a default approach in patients with an 

anatomy compatible with TF access, transaxillary TAVI provided 

a similar outcome as TF, with reported stroke rates of 2% and 

3%, respectively (p = 0.19). In the present registry, procedural 

aspects could have had an impact on the stroke rate, especially 

the use of pre- and post-ballooning, which were reported as risk 

factors for stroke after TAVI (17). Pre-dilatation was used 

significantly less often in the TCar group (27% vs. 60% in the 

total cohort and 82% in P-TAx), which is probably related to 

the different types of valves implanted according to access route: 

In the TCar group, 89% of implants were Corevalve/Evolut and 

9% were Sapien, which do not require pre-ballooning in most 

cases. On the other hand, pre-dilatation is common with the 

Portico/Navitor platform, which was used in 49% of P-TAx 

cases, but only 2% of TCar cases.

Cerebral embolic protection devices (CEPDs) have been 

developed to decrease embolic brain injury and stroke during 

TAVI. Results of metanalysis of randomized trials shown a 

reduction of ischemic brain lesions with less evidence on the 

clinical events (18). Recently, a large US registry (19) and 

PROTECTED TAVR study (20) demonstrated that the use of 

CEPD was associated with a lower risk of major but not of 

overall stroke. Those studies involved only TF access route. 

Alternatives endovascular transarterial access routes were not 

included in randomized trials, while it is well known that 

patients with severe peripheral arterial disease undergoing a 

non-TF TAVI are at higher risk of stroke, and would be an 

ideal target group to assess such preventive strategies.

From a technical point of view, placement of the Sentinel 

device (Boston Scientific Corp., Boston, US) by the right radial 

artery is not always possible due to the poor vascular anatomy 

of the arm or the aortic arch. For patients undergoing TCar 

TAVI, deployment of the filter in the left carotid is not possible. 

The device cannot be deployed during a right TAx or a TBra 

TAVI. Devices like TriGUARD (Keystone Heart, Tampa,US), 

deployed by the femoral artery would be more appropriate for 

those alternative access. In the NORTHOSTAVI registry, the 

FIGURE 2 

The NORTHOSTAVI registry: 30-day outcome of TAVI by various endovascular transarterial access route. P-TAx, percutaneous transaxillary; S-TAx, 

surgically-assisted transaxillary; TCar, transcarotid; PTA-TF, percutaneous transluminal angioplasty-assisted transfemoral; TCav, transcaval; TBra, 

transbrachiocephalic; Y, years; STS, Society of Thoracic Surgery score.
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Sentinel CEPD was used in 7.9% of patients with no significant 

impact on overall and disabling stroke.

A new strategy woud be applied to protect patients undergoing 

a left P-TAx TAVI, a very high stroke risk group, using a Sentinel 

CEPD deployed by the right radial artery and a large bore sheath 

inserted in the left axillary artery covering the left vertebral artery, 

left in place at the ostium of the left subclavian artery during the 

exchanges of material. The impact of this new technique on stroke 

rate after P-TAx TAVI would be evaluated in future trials.

4.3 Transfemoral access route facilitated by 
peripheral angioplasty

As the TF access is the technique of choice, supported by 

randomized trials showing the superiority of TF TAVI over 

SAVR (1, 21, 22), techniques for preparing iliofemoral vessels 

are appealing in order to avoid a non-TF procedure despite 

hostile anatomy. IVL has been shown to be feasible in small 

series (12, 23): by fracturing the calcium within the vessel wall 

using acoustic waves, it improves vessel compliance and 

ultimately allows for the introduction of a large-bore delivery 

sheath. This relatively short balloon-assisted technique seems 

more appropriate for concentric and focal calcifications.

In cases of more diffuse disease and/or the presence of 

asymmetric calcifications with nodules, orbital atherectomy would 

be a more appropriate technique, as it allows for debulking of the 

vessel (24). In the present registry, 14% of patients with hostile 

anatomy underwent PTA-TF, which was primarily IVL-assisted, 

with a 93% technical success rate. A higher rate of vascular 

complications is expected in this population compared to favorable 

iliofemoral access. Major vascular complications were reported in 

approximately 15%–20% of patients with hostile vascular access 

(14), as opposed to less than 5% of patients with regular anatomy 

(21, 22). In our series, the rate of major vascular complications was 

3%. PTA-TF was associated with a higher adjusted risk of vascular 

complications than TCar, but not than P-TAx or S-TAx. These 

vascular complications were mainly alleviated through 

endovascular stenting, and PTA-TF was not associated with an 

increased risk of stroke or death compared to TCar. Patients 

undergoing PTA-TF had the shortest hospital stay and the lowest 

30-day mortality (1.3%), while avoiding general anesthesia, surgical 

cut-down, and surgical closure.

5 Conclusion

The NORTHOSTAVI registry, which included patients with 

hostile iliofemoral anatomy, showed that TAVI using various 

endovascular transarterial access route was efficient and safe, 

with a technical success rate of 95% and 30-day overall and 

event-free survival rates of 97% and 91%, respectively, similar 

between groups. At 30 days, TCar exhibited the lowest stroke 

rate (2%), P-TAx was associated with an increased adjusted risk 

of overall stroke while PTA-TF was associated with the shortest 

hospital stay and the lowest 30-day mortality rate (1.3%), with 

no increased adjusted risk of death or stroke, compared to TCar.

In patients with hostile iliofemoral anatomy, the alternative 

TAVI access route should be selected based on patient 

characteristics and local expertise.

6 Impact on daily practice

In patients with hostile iliofemoral anatomy, TAVI via an 

alternative access route is efficient and safe (30-day overall and 

event-free survival rates of 97% and 91%, respectively, similar 

between groups), with a higher adjusted risk of stroke and 

major bleeding for P-TAx and of major vascular complications 

for PTA-TF compared to TCar.

7 Limitations

This report is a retrospective analysis of prospectively acquired 

data, which is subject to limitations inherent in the study design. 

The selection of patients was not random. As a consequence, 

a bias of patient selection by access route remains possible 

and may not have been fully eliminated by adjusting for 

confounding factors in the statistical comparison between groups.

The use of pairwise comparisons between access route using 

separate multivariable models may overstate statistical 

significance of the results.

The choice of the access route was selected by the operators, 

based on their preference and expertise and on the availability 

of local resources. Not all alternative techniques were used in all 

centers: TBra was only used in one center, while five centers 

only used one alternative access.

Due to the small number of patients, TCav and TBra could 

not be included in the Kaplan–Meier analysis or the 

multivariate logistic regression analysis. Nevertheless, we 

reported observational data on these interesting groups of patients.

This was a multicenter registry without a core lab or clinical 

event committee; each center reported its data according to the 

VARC-3 criteria.

The detailed reason for unsuitability of transfemoral access 

route was not specified by the centers.

Since this registry collected data from 14 centers in Belgium, 

Denmark, and the Netherlands, our data may not be 

generalizable to all patients in all centers.

Since patients were included in a 15-year period of time, with 

variation of patient’s profile, improvement of operator’s 

experience and devices, the results of the present study may not 

be generalized to the current TAVI population.

Data availability statement

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation.

Kefer et al.                                                                                                                                                              10.3389/fcvm.2025.1674218 

Frontiers in Cardiovascular Medicine 09 frontiersin.org



Ethics statement

The studies involving humans were approved by the ethical 

committee of each center. The studies were conducted in 

accordance with the local legislation and institutional 

requirements. Written informed consent for participation was 

not required from the participants or the participants’ legal 

guardians/next of kin because the retrospective design of the 

study. Oral informed consent was obtained for all.

Author contributions

JK: Conceptualization, Visualization, Funding acquisition, 

Project administration, Resources, Validation, Formal analysis, 

Methodology, Software, Supervision, Data curation, Writing – 

review & editing, Investigation, Writing – original draft. YK: 

Writing – review & editing. RB: Writing – review & editing. 

CD: Writing – review & editing. FD: Writing – review & 

editing. ED: Writing – review & editing. CP: Writing – review 

& editing. AA: Writing – review & editing. JC-F: Writing – 

review & editing. MV: Writing – review & editing. AG: 

Writing – review & editing. YB: Writing – review & editing. 

AS: Writing – review & editing. KV: Writing – review & 

editing. CB: Writing – review & editing, Methodology, 

Software. FM: Writing – review & editing. JB: Writing – review 

& editing. IB: Writing – review & editing. LR: Writing – review 

& editing. BV: Writing – review & editing. JW: Writing – 

review & editing. OD: Investigation, Writing – review & 

editing, Conceptualization, Validation, Project administration, 

Supervision, Data curation, Writing – original draft, 

Methodology, Funding acquisition, Formal analysis, 

Visualization, Resources, Software.

Funding

The author(s) declare that no financial support was received 

for the research and/or publication of this article.

Acknowledgments

The authors would like to thank Rudy Lechantre for the 

figures and Figure 2.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential conPict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025. 

1674218/full#supplementary-material

References

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

2. Beurtheret S, Karam N, Resseguier N, Houel R, Modine T, Folliguet T, et al. 
Femoral versus nonfemoral peripheral access for transcatheter aortic 
valve replacement. J Am Coll Cardiol. (2019) 74:2728–39. doi: 10.1016/j.jacc.2019. 
09.054

3. Carroll JD, Mack MJ, Vemulapalli S, Herrmann HC, Gleason TG, Hanzel G, 
et al. STS-ACC TVT registry of transcatheter aortic valve replacement. Ann Thorac 
Surg. (2021) 11:701–22. doi: 10.1016/j.athoracsur.2020.09.002

4. Blackstone EH, Suri RM, Rajeswaran J, Babaliaros V, Douglas PS, Fearon WF, 
et al. Propensity-matched comparisons of clinical outcomes after transapical or 
transfemoral transcatheter aortic valve replacement. Circulation. (2015) 
131:1989–2000. doi: 10.1161/CIRCULATIONAHA.114.012525

5. Nijenhuis VJ, Meyer A, Brouwer J, Mahmoodi BK, Unbehaun A, Spaziano M, 
et al. The effect of transcatheter aortic valve implantation approaches on mortality. 
Catheter Cardiovasc Interv. (2021) 97:1462–9. doi: 10.1002/ccd.29456

6. Modine T, Lemesle G, Azzaoui R, Sudre A. Aortic valve implantation with the 
CoreValve ReValving system via left carotid artery access: first case report. 
J Thorac Cardiovasc Surg. (2010) 140(4):928–9. doi: 10.1016/j.jtcvs.2010.03.001

7. Schäfer U, Ho Y, Frerker C, Schewel D, Sanchez-Quintana D, Schofer J, et al. 
Direct percutaneous access technique for transaxillary transcatheter aortic valve 
implantation: “the Hamburg sankt georg approach”. JACC Cardiovasc Interv. 
(2012) 5:477–85. doi: 10.1016/j.jcin.2011.11.014

8. Dahle TG, Kaneko T, McCabe JM. Outcomes following subclavian and axillary 
artery access for transcatheter aortic valve replacement. JACC Cardiovasc Interv. 
(2019) 12:662–9. doi: 10.1016/j.jcin.2019.01.219

9. Chamandi C, Abi-Akar R, Rodés-Cabau J, Blanchard D, Dumont E, Spaulding C, 
et al. Transcarotid compared with other alternative access routes for transcatheter 

Kefer et al.                                                                                                                                                              10.3389/fcvm.2025.1674218 

Frontiers in Cardiovascular Medicine 10 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2025.1674218/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1674218/full#supplementary-material
https://doi.org/10.1093/eurheartj/ehw225
https://doi.org/10.1016/j.jacc.2019.09.054
https://doi.org/10.1016/j.jacc.2019.09.054
https://doi.org/10.1016/j.athoracsur.2020.09.002
https://doi.org/10.1161/CIRCULATIONAHA.114.012525
https://doi.org/10.1002/ccd.29456
https://doi.org/10.1016/j.jtcvs.2010.03.001
https://doi.org/10.1016/j.jcin.2011.11.014
https://doi.org/10.1016/j.jcin.2019.01.219


aortic valve replacement. Circ Cardiovasc Interv. (2018) 11:e006388. doi: 10.1161/ 
CIRCINTERVENTIONS.118.006388

10. van Wely M, van Nieuwkerk AC, Rooijakkers M, van der Wulp K, Gehlmann 
H, Verkroost M, et al. Transaxillary versus transfemoral access as default access in 
TAVI: a propensity matched analysis. Int J Cardiol. (2024) 394:131353. doi: 10. 
1016/j.ijcard.2023.131353

11. Greenbaum AB, Babaliaros VC, Chen MY, Stine AM, Rogers T, O’Neill WW, 
et al. Transcaval access and closure for transcatheter aortic valve replacement: a 
prospective investigation. J Am Coll Cardiol. (2017) 69:511–21. doi: 10.1016/j.jacc. 
2016.10.024

12. Nardi G, De Backer O, Saia F, Søndergaard L, Ristalli F, Meucci F, et al. 
Peripheral intravascular lithotripsy for transcatheter aortic valve implantation: a 
multicentre observational study. EuroIntervention. (2022) 17:e1397–406. doi: 10. 
4244/EIJ-D-21-00581

13. Bansal A, Kalra A, Kumar A, Campbell J, Krishnaswamy A, Kapadia S, et al. 
Outcomes of combined transcatheter aortic valve replacement and peripheral 
vascular intervention in the United States. J Am Coll Cardiol Intv. (2021) 
14:2572–80. doi: 10.1016/j.jcin.2021.08.024

14. Palmerini T, Saia F, Kim W-K, Renker M, Iadanza A, Fineschi M, et al. 
Vascular access in patients with peripheral arterial disease indergoing TAVR. The 
Hostile registry. J Am Coll Cardiol Intv. (2023) 16:396–411. doi: 10.1016/j.jcin.2022. 
12.009

15. VARC-3 WRITING COMMITTEE; Généreux P, Piazza N, Alu MC, Nazif T, 
Hahn RT, et al. Valve academic research consortium 3: updated endpoint 
definitions for aortic valve clinical research. J Am Coll Cardiol. (2021) 77:2717–46. 
doi: 10.1016/j.jacc.2021.02.038

16. Lanz J, Greenbaum A, Pilgrim T, Trantini G, Windecker S. Current state of 
alternative access for transcatheter aortic valve implantation. EuroIntervention. 
(2018) 14:AB40–52. doi: 10.4244/EIJ-D-18-00552

17. Nombela-Franco L, Webb JG, de Jaegere PP, Toggweiler S, Nuis R-J, Dager AE, 
et al. Timing, predictive factors, and prognostic value of cerebrovascular events in a 
large cohort of patients undergoing transcatheter aortic valve implantation. 
Circulation. (2012) 126(25):3041–53. doi: 10.1161/CIRCULATIONAHA.112.110981

18. Bagur R, Solo K, Alghofaili S, Nombela-Franco L, Kwok CS, Hayman S, et al. 
Mamas a mamas. Stroke. (2017) 48:1306–15. doi: 10.1161/STROKEAHA.116.015915

19. Shekhar S, Isogai T, Agrawal A, Kaw R, Mahalwar G, Krishnaswamy A, et al. 
Samir kapadia. J Am Heart Assoc. (2024) 13:e034298. doi: 10.1161/JAHA.124.034298

20. Kapadia S, Makkar R, Leon M, Abdel-Wahab M, Waggoner T, Massberg S, et al. 
Axel linke. N Engl J Med. (2022) 387:1253–63. doi: 10.1056/NEJMoa2204961

21. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al. 
Transcatheter aortic-valve replacement with a balloon-expandable valve in low-risk 
patients. N Engl J Med. (2019) 380(18):1695–705. doi: 10.1056/NEJMoa1814052

22. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, et al. 
Transcatheter aortic-valve replacement with a self-expanding valve in low-risk 
patients. N Engl J Med. (2019) 380(18):1706–15. doi: 10.1056/NEJMoa1816885

23. Sawaya FJ, Bajoras V, Vanhaverbeke M, Wang C, Bieliauska G, Søndergaard L, et al. 
Intravascular lithotripsy-assisted transfemoral TAVI: the Copenhagen experience and 
literature review. Front Cardiovasc Med. (2021) 8:739750. doi: 10.3389/fcvm.2021.739750

24. Quagliana A, Montarello NJ, Vanhaverbeke M, Willemen Y, Campens L, 
Sondergaard L, et al. Orbital atherectomy to facilitate transfemoral transcatheter 
aortic valve implantation in patients with calcified iliofemoral arteries: a case 
series. Eur Heart J Case Rep. (2023) 7:1–5. doi: 10.1093/ehjcr/ytad310

Kefer et al.                                                                                                                                                              10.3389/fcvm.2025.1674218 

Frontiers in Cardiovascular Medicine 11 frontiersin.org

https://doi.org/10.1161/CIRCINTERVENTIONS.118.006388
https://doi.org/10.1161/CIRCINTERVENTIONS.118.006388
https://doi.org/10.1016/j.ijcard.2023.131353
https://doi.org/10.1016/j.ijcard.2023.131353
https://doi.org/10.1016/j.jacc.2016.10.024
https://doi.org/10.1016/j.jacc.2016.10.024
https://doi.org/10.4244/EIJ-D-21-00581
https://doi.org/10.4244/EIJ-D-21-00581
https://doi.org/10.1016/j.jcin.2021.08.024
https://doi.org/10.1016/j.jcin.2022.12.009
https://doi.org/10.1016/j.jcin.2022.12.009
https://doi.org/10.1016/j.jacc.2021.02.038
https://doi.org/10.4244/EIJ-D-18-00552
https://doi.org/10.1161/CIRCULATIONAHA.112.110981
https://doi.org/10.1161/STROKEAHA.116.015915
https://doi.org/10.1161/JAHA.124.034298
https://doi.org/10.1056/NEJMoa2204961
https://doi.org/10.1056/NEJMoa1814052
https://doi.org/10.1056/NEJMoa1816885
https://doi.org/10.3389/fcvm.2021.739750
https://doi.org/10.1093/ehjcr/ytad310

	The NORTh Europe HOStile access TAVI (NORTHOSTAVI) registry
	Introduction
	Methods
	Population and data collection
	Endpoints
	Statistical analysis

	Results
	Patients
	Procedural outcome
	30-day follow-up

	Discussion
	Efficiency and safety of TAVI in case of hostile iliofemoral anatomy
	Stroke rate by access route
	Transfemoral access route facilitated by peripheral angioplasty

	Conclusion
	Impact on daily practice
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


