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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) is currently recommended in patients who are not suitable for surgical aortic valve replacement (SAVR) and in patients who are at increased surgical risk, particularly if patients are suitable for a transfemoral (TF) approach [START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF][START_REF] Nishimura | AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines[END_REF][START_REF] Popma | Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients[END_REF][START_REF] Mack | Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients[END_REF]. Major vascular complications (VCs) are feared after TF TAVI given their prognostic impact although they have considerably decreased in recent years with improved patient selection and size reduction of introducers [START_REF] Popma | Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients[END_REF][START_REF] Mack | Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients[END_REF][START_REF] Généreux | Vascular complications after transcatheter aortic valve replacement: insights from the PARTNER (Placement of AoRTic TraNscathetER Valve) trial[END_REF][START_REF] Steinvil | Vascular complications after transcatheter aortic valve implantation and their association with mortality reevaluated by the valve academic research consortium definitions[END_REF]. Multidetector computed tomography (MDCT) of the ilio-femoral access is currently the gold standard technique to determine the feasibility of a TF approach [START_REF] Blanke | Computed Tomography Imaging in the Context of Transcatheter Aortic Valve Implantation (TAVI)/Transcatheter Aortic Valve Replacement (TAVR): An Expert Consensus Document of the Society of Cardiovascular Computed Tomography[END_REF]. MDCT traditionally evaluates the degree of arterial tortuosity, the extent and localization of calcification (particularly at the puncture site), and the minimal diameter to compute the sheath-to-femoral-artery ratio (SFAR) [START_REF] Francone | CT and MR imaging prior to transcatheter aortic valve implantation: standardisation of scanning protocols, measurements and reporting-a consensus document by the European Society of Cardiovascular Radiology (ESCR)[END_REF]. Among these parameters, it SFAR is considered as the strongest predictive factor of major VCs [START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Okuyama | Transfemoral access assessment for transcatheter aortic valve replacement: evidence-based application of computed tomography over invasive angiography[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF]. On the other hand, it has been frequently observed that puncture of the femoral artery in obese patients, especially when the artery is deep, is more difficult and increases the risk of VCs [START_REF] Cox | Comparison of the Risk of Vascular Complications Associated With Femoral and Radial Access Coronary Catheterization Procedures in Obese Versus Nonobese Patients[END_REF]. However, to our knowledge, the impact of femoral artery depth (FAD) to predict VCs after TF TAVI has been poorly evaluated. The aim of our study was therefore to assess the impact of FAD on VCs after TF TAVI using a new standardized protocol to measure FAD using MDCT.

METHODS

Between January 2013 and December 2018, 1,411 consecutive patients were prospectively included in our TAVI database. All patients selected by our multidisciplinary team had severe symptomatic aortic stenosis (AS) and gave written informed consent. Patients who had TAVI via a non-femoral route and who did not have CT in our center or when CT was not archived were excluded. The study was approved by our local ethics committee with a waiver for retrospective analysis.

Pre-procedural MDCT examinations were performed either with a 64-slice Discovery 350 HD ® or with a 256-slice Revolution ® CT scanner (both from General Electric Healthcare, Milwaukee, WI, USA). Acquisition protocol was homogeneous and conformed to the recommendations of the Society of Cardiovascular Computed Tomography and the European Society of Cardiovascular Radiology [START_REF] Francone | CT and MR imaging prior to transcatheter aortic valve implantation: standardisation of scanning protocols, measurements and reporting-a consensus document by the European Society of Cardiovascular Radiology (ESCR)[END_REF].

Tube voltage was set at 100 kVp when patient's body mass index (BMI) was less than 25 kg.m -2 and 120 kVp when BMI exceeded 25 kg.m -2 . Sixty milliliters of 350 mgI/mL contrast agent (iohexol or iobitridol) were injected at a flow rate of 4 mL/s pulsed by 20 mL of saline at the same flow rate. Bolus tracking was used. CT scanning of the thorax and abdomen was performed on breath-hold in a craniocaudal direction. Chest scanning was prospectively ECG-gated. ECG was automatically switched off during acquisition for scanning the abdomen and pelvis down to the common femoral artery bifurcation. Cardiac images were not considered in the present study. Sub-millimetric abdominal-pelvic images were reconstructed and transferred to a workstation (ADW Server ® , General Electric Healthcare, Milwaukee, WI, USA) Measurements were performed with the Reformat® tool of the workstation and standardized as follows. To measure FAD, the axial view passing through the center of the femoral heads was first selected (Figure 1). A horizontal line was drawn between the ischial spines. An orthogonal vertical line was drawn from this bi ischiatic line and directed anteriorly. Another orthogonal horizontal line connected the vertical line to the geometric center of the common femoral artery that was used as vascular access for TAVI. Finally, a second vertical line was traced from the center point of the common femoral artery to the skin surface. An experienced examiner processed all measurements retrospectively on the side of the arterial puncture used for TAVI. The same operator reproduced blindly the same measures a second time in 30 random patients to evaluate intra-observer variability. A second experienced examiner performed independently the measures in the same 30 patients to evaluate inter-observer variability. MDCT reports were also reviewed for calcification and tortuosity, and scored, as previously described [START_REF] Francone | CT and MR imaging prior to transcatheter aortic valve implantation: standardisation of scanning protocols, measurements and reporting-a consensus document by the European Society of Cardiovascular Radiology (ESCR)[END_REF]. Briefly, calcification at the puncture site were quantified as follows: 0) absent; 1) < 30% of the circumference of the vessel; 2) 30-50% of the circumference of the vessel; 3) > 50% of the circumference of the vessel; and 4) 100% of the circumference of the vessel or the totality of the anterior wall. The tortuosity of the ilio-femoral axis was also analyzed using a semi quantitative score as follows: 0) no tortuosity; 1) mild tortuosity (30° to 60°); 2) moderate tortuosity (60° to 90°); and 3) severe tortuosity (> 90°). Finally, Iliac and femoral artery diameters were measured. SFAR was obtained by dividing the sheath size (outer diameter) by the minimum ilio-femoral diameter on the access side.

In our center, TAVI procedures have been performed since 2002 [START_REF] Cribier | Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific aortic stenosis: first human case description[END_REF]. The operating team for TF TAVI consists of 5 experienced operators. Prior to the procedure, the decision to perform TAVI was made by a multidisciplinary team. Only if small ilio-femoral vessel diameters and/or vascular abnormalities preclude a transfemoral approach did patients have TAVI via non-femoral access. Oral anticoagulants were stopped 3 to 4 days before the procedure and we did not use a loading dose of clopidogrel. Balloon and self-expandable prostheses were used during this study: SAPIEN XT prosthesis from January 2013 to September 2014 and SAPIEN 3 prosthesis thereafter. For the SAPIEN XT prosthesis, we used a 16-F sheath for the 23-mm valve, an 18-F sheath for the 26-mm valve, and a 20-F sheath for the 29-mm valve. For the SAPIEN 3 prosthesis, we used a 14-F sheath for the 23 and 26 mm valves and a 16-F sheath for the 29-mm valve. During the studied period, first generation Corevalve was used in 2013 with an 18-F sheath. From 2014 to 2017, we used the Corevalve Evolut R with a 14-F sheath, and since 2018, the Corevalve Evolut Pro is preferred with a 16-F sheath.

All the procedures were performed using exclusively local anesthesia ± conscious sedation with access site closure using a single Prostar device (Abbott Vascular, Santa Clara, California, USA) [START_REF] Durand | Transfemoral aortic valve replacement with the Edwards SAPIEN and Edwards SAPIEN XT prosthesis using exclusively local anesthesia and fluoroscopic guidance: feasibility and 30-day outcomes[END_REF]. Angiographic guidance was used for puncture of the common femoral artery. Heparin (70 UI/kg) was administered after sheath insertion. Anticoagulation was measured by activated clotting time with, if necessary, repetitive administration of heparin to achieve a clotting time of 250-300 seconds. Protamine was systematically administered at the end of the procedure before vascular closure. Final angiography was obtained to verify the absence of VCs. Dual antiplatelet therapy was prescribed for one month in patients without indication for anticoagulant. In patients at high risk of bleeding, a single antiplatelet therapy was preferred. In patients with an indication for anticoagulant, vitamin K antagonist or direct oral anticoagulant were used without antiplatelet therapy [START_REF] Durand | Comparison of two antiplatelet therapy strategies in patients undergoing transcatheter aortic valve implantation[END_REF][START_REF] Altisent | Warfarin and Antiplatelet Therapy Versus Warfarin Alone for Treating Patients With Atrial Fibrillation Undergoing Transcatheter Aortic Valve Replacement[END_REF].

VCs were defined according to the updated standardized endpoint definitions for TAVI according to the Valve Academic Research Consortium (VARC-2 criteria) and classified as minor or major [START_REF] Kappetein | Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document[END_REF]. Thirty-day mortality was also recorded.

Quantitative variables were expressed as mean ± SD or median (25th to 75th interquartile range) and compared with the Student t test or Wilcoxon rank-sum test, depending on variable distribution. Correlations were assessed using Spearman's rank correlation coefficient. Qualitative variables were presented as number with percentage and compared with chi-square test or Fisher's exact test. A logistic regression multivariable analysis was used to assess independent correlates of major VCs and the need for a stent-graft. Receiver operator characteristic curves were also used to predict major VCs and the need for a stent-graft. To analyze the SFAR and FAD thresholds that best predicted major VCs and the need for a stentgraft, the intersection of sensitivity and specificity curves was determined with their accompanying positive and negative predictive values. Inter-and intra-observer variabilities were evaluated using Bland-Altman plot and linear logistic regression analysis.

Differences were considered statistically significant at a P value of ≤0.05. All data were analyzed using SPSS software (version 23.0, IBM, Chicago, IL, USA).

RESULTS

The flowchart of the studied population is presented in Figure 2. From January 2013 to December 2018, 1411 patients had TAVI in our center. Among them, 182 (12.9%) patients were excluded because they were implanted via a non-femoral route. An additional 540 (38.3%) TF TAVI patients were excluded because MDCT was performed in another center or was not archived in the picture archiving computerized system (PACS) currently used in our center (Carestream ® , Rochester, NY, USA). Thus, 689 (55.7%) TF TAVI patients were included and represented the studied population.

Baseline characteristics of the studied population are shown in Table 1. The mean age was 83.9 ± 6.0 years and 45.8% of patients were male. The mean logistic EuroSCORE was 15.4 ± 8.9% and all patients had severe symptomatic AS.

MDCT analysis of the ilio-femoral axis is represented in Table 2. The median of FAD was 49.0 (36.2-66.7) mm. Intra-and inter-observer variability of the measurement of the FAD site was evaluated using Bland-Altman analysis (supplemental figure 1). Using linear regression, we observed a good agreement for both analyses. There was a significant correlation between FAD and weight (p<0.0001), BMI (p<0.0001), and body area (p<0.0001) but not with height (p=0.4) (Figure 3). In the studied population, 154 (22.3%) patients had a BMI > 30 Kg/m 2 .

FAD was significantly higher in obese patients than in non-obese patients [73.4 (55.9-93.8) vs. 43.8 (33.7-57.2) mm, p<0.0001].

Moderate or severe tortuosity of the ilio-femoral axis selected for the implantation was observed in 44.6%. No or less than 30% of anterior calcification was observed at the puncture site in the majority of cases (80.7%). The median of the minimal femoral diameter at the puncture site and SFAR were 6.8 (5.9-7.6) mm and 0.95 (0.81-1.18), respectively. The severity of tortuosity and calcification were not significantly different in obese and non-obese patients. In contrast, SFAR was significantly lower in obese than in non-obese patients [0.91 (0.79-1.08) vs. 0.95 (0.82-1.20) mm, p=0.02].

A balloon-expandable valve was used in 88.8%. A 14-F, 16-F, and 20-F sheath was used in 446 (65.1%), 204 (29.8%), and 35 (5.1%) patients, respectively.

During in-hospital follow-up, 105 (15.2%) patients had a VC classified as minor in 68 (9.9%) patients and major in 37 (5.4%) patients. Of note, the incidence of major VC in patients excluded of our study was closely similar (5.5% vs. 5.4%, p=0.92).

The distribution types of vascular complications of the studied population are shown in Figure 4. Most of the VCs were access-related. The most frequent complication was hematoma and 4 patients had a non-access related major VC all related to annulus rupture. A stent-graft was used in 49 (7.1%). In 48 cases, the stent-graft was used for failure of vascular closure device (VCD) and in one case due to iliac rupture. Among patients who need a stent-graft, 25 had a minor VC and 24 had a major VC. Five (0.7%) patients required vascular surgery and all had major VC. Vascular surgery was indicated in 2 cases for persistent bleeding after stent-graft implantation, in 2 cases for evacuation of large hematoma, and in 1 case for acute lower limb ischemia. Obese patients (BMI > 30 kg/m 2 ) required more frequently a stent-graft as compared to those with a BMI < 30 kg/m 2 (13.6% vs. 5.4%, p<0.0001) and the incidence of major VCs was increased, but not significantly different, in obese patients as compared to non-obese patients (7.8% vs. 4.8%, p=0.15). FAD was significantly greater in patients requiring a stent-graft for a VC (P=0.007, Figure 5A). In contrast, minimal femoral diameter and SFAR were not significantly different in patients requiring or not a stent-graft (Figure 5B and5C). The degree of the tortuosity and the extent of calcification at the puncture site were not significantly different in patients requiring or not a stent-graft (P=0.82 and P=0.51, respectively). The incidence of stent-graft increased according to the size of the sheath (P=0.04).

FAD was not significantly different in patients with or without major VCs (Figure 6A). The minimal femoral diameter was not significantly different in patients with or without major VCs (Figure 6B). In contrast, SFAR was significantly higher in patients with than without major VCs (p<0.0001, Figure 6C). The degree of the tortuosity was not significantly different in patients with or without major VCs (P=0.81) but the extent of calcification at the puncture site was significantly greater in patients with than in those without major VCs (P=0.02). The incidence of major VCs increased according to the size of the sheath (P<0.0001).

Predictors of major VCs and the need for a stent-graft were evaluated using multivariate and ROC curve analysis.

After multivariate analysis, FAD was the only predictor of the need for a stentgraft (Table 3) whereas SFAR was the only predictor of major VCs (Table 4) ROC curve analysis for predictors of the need for a stent-graft is shown in Figure 7. The area under the ROC curve for FAD was 0.61 (0.51-0.70, p=0.04) indicating poor accuracy to predict the need for a stent-graft. Other parameters were not significant.

ROC curve analysis for predictors of major VCs is shown in Figure 8. The area under the ROC curve for SFAR was 0.70 (0.58-0.81, p=0.001) and for sheath diameter was 0.66 (0-54-0.78, p=0.006) indicating fair and poor accuracy to predict major VCs, respectively. Other parameters were not significant.

To analyze the FAD that best predicted the need for a stent-graft, sensitivity and specificity curves were composed. The identified intersection point of the 2 curves provided a threshold of 54 mm. The accompanying sensitivity for the threshold was 63.3% with a specificity of 40.9%, a positive predictive value of 4.9%, and negative predictive value of 89.4%.

To analyze the SFAR that best predicted major VCs, sensitivity and specificity curves were also composed. The identified intersection point of the 2 curves provided a threshold of 1.03. The accompanying sensitivity for the threshold was 67.6% with a specificity of 65.2%, a positive predictive value of 9.5%, and negative predictive value of 97.4%.

Interestingly, major VCs were significantly higher in patients who combined a SFAR >1.03 and a FAD >54 mm than in those with a SFAR < 1.03 and a FAD <54 mm (12% vs. 2.1%, p<0.0001). Two examples of low-risk and high-risk patients of VCs according to MDCT analysis of the ilio-femoral access are shown in supplemental figure 2.

The 30-day mortality rate was 8.6% for patients with major VCs and 2.3% for patients without major VCs (P=0.06). The 30-day mortality rate for patients requiring a stent-graft was 4.3% and 2.5% for patients not requiring a stent-graft (P=0.45).

DISCUSSION

We aimed to evaluate a new MDCT parameter (i.e., measurement of FAD), in addition to usual parameters, to predict major VCs and the need for a stent-graft after TF TAVI. The main results can be summarized as follows: 1) FAD measurement using standardized MDCT is easy and reproducible and was significantly increased in patients requiring a stent-graft; 2) FAD was the only predictor of the need for a stent-graft although ROC curve analysis indicated poor accuracy with a threshold value of 54-mm; 3) Among the other usual parameters, SFAR was the only factor with a fair accuracy to predict major VCs.

For a long time now, it has been known that femoral arterial puncture in obese patients, particularly when the artery is deep, is more difficult and the risk of VCs and bleeding is increased [START_REF] Cox | Comparison of the Risk of Vascular Complications Associated With Femoral and Radial Access Coronary Catheterization Procedures in Obese Versus Nonobese Patients[END_REF][START_REF] Benamer | A multicentre comparison of transradial and transfemoral approaches for coronary angiography and PTCA in obese patients: the TROP registry[END_REF]. Surprisingly, it has been reported that major VCs are not significantly increased in obese patients after TF TAVI [START_REF] Généreux | Vascular complications after transcatheter aortic valve replacement: insights from the PARTNER (Placement of AoRTic TraNscathetER Valve) trial[END_REF][START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF][START_REF] Sannino | Meta-Analysis of Effect of Body Mass Index on Outcomes After Transcatheter Aortic Valve Implantation[END_REF]. We hypothesized that the measurement of FAD, rather than BMI, would be more appropriate to evaluate the risk of major VCs and in particular the risk of failure of VCD, requiring a stent-graft. In our study, we first showed that FAD can be easily and reproducibly measured using CT. Interestingly, FAD was not significantly different in patients with or without major VCs and FAD was not predictive of major VCs. These results are in accordance with those showing that obesity does not increase the risk of major VCs after TF TAVI [START_REF] Généreux | Vascular complications after transcatheter aortic valve replacement: insights from the PARTNER (Placement of AoRTic TraNscathetER Valve) trial[END_REF][START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF][START_REF] Sannino | Meta-Analysis of Effect of Body Mass Index on Outcomes After Transcatheter Aortic Valve Implantation[END_REF]. However, we observed that FAD was increased in patients requiring a stent-graft and was the only predictive factor of the need for a stent-graft. Of note, most of the stent-grafts were related to the failure of VCD in our study. We therefore hypothesized that the deeper the femoral artery, the greater the risk of failure of VCD. Predictive factors of failure of VCD for coronary angiography and/or PCI using a femoral approach have been reported. Interestingly, obesity was an independent predictors of failure of VCD [START_REF] Vidi | Vascular closure device failure in contemporary practice[END_REF]. Predictive factors of failure of VCD have been evaluated in patients with large arteriotomy for aneurysm repair or TAVI [START_REF] Chen | Factors in ProGlide Vascular Closure Failure in Sheath Arteriotomies Greater than 16 French[END_REF]. In accordance with our studies, the distance between skin and common femoral artery (i.e., FAD) was a strong predictor of failure of VCD [START_REF] Urbach | Computed tomographic angiography-derived risk factors for vascular complications in percutaneous transfemoral transcatheter aortic valve implantation[END_REF]. In order to reduce the risk of failure of VCD requiring a stent-graft in patients with a deep femoral artery, several options are possible. First, the shallowest femoral artery should be selected because FAD is commonly asymmetrical. Second, the lower belly should be pushed upwards and the puncture should be performed in a straight direction, otherwise the insertion of the sheath or preclosure device may become difficult. Third, a preventive crossover balloon occlusion technique may be also used to reduce bleeding in case of failure of VCD in patients presenting with very deep femoral artery [START_REF] Genereux | Clinical outcomes using a new crossover balloon occlusion technique for percutaneous closure after transfemoral aortic valve implantation[END_REF]. On the other hand, a surgical cut down can be also discussed in obese patients but it has been reported that the incidence of major VCs is similar between percutaneous and surgical femoral approaches [START_REF] Bernardi | Surgical cutdown versus percutaneous access in transfemoral transcatheter aortic valve implantation: insights from the Brazilian TAVI registry[END_REF]. Finally, alternative accesses (e.g. trans-carotid, trans-subclavian, trans-apical) should be privileged in patients with multiple elements unfavorable for femoral approach.

We also assessed the impact of other MDCT parameters to predict VCs after TAVI. In our study, the degree of ilio-femoral tortuosity and the extent of calcification at the puncture site were neither predictive of major VCs nor the need for a stentgraft. In all the studies, the degree of ilio-femoral tortuosity was not an independent predictor of major VCs after TAVI [START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF]. On the other hand, conflicting results were obtained for the extent of calcification at the puncture site [START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF]. We believe that calcification was not predictive in our study since patients with circumferential or anterior calcification at the puncture site had systematic TAVI via a non-femoral approach.

Our study confirmed that SFAR remains the strongest predictor of major VCs after TF TAVI although the area under the ROC curve is variable among the studies and its positive value is low to predict VCs [START_REF] Hayashida | Transfemoral aortic valve implantation new criteria to predict vascular complications[END_REF][START_REF] Okuyama | Transfemoral access assessment for transcatheter aortic valve replacement: evidence-based application of computed tomography over invasive angiography[END_REF][START_REF] Van Kesteren | Incidence, Predictors, and Impact of Vascular Complications After Transfemoral Transcatheter Aortic Valve Implantation With the SAPIEN 3 Prosthesis[END_REF]. However, to our knowledge, we are the first to evaluate the impact of SFAR on the need for a stent-graft. SFAR was not significantly different in patients with or without a stent-graft and FAD was the only predictive factor. We therefore believe that SFAR and FAD provide additional information and that FAD could be systematically and easily assessed during MDCT in order to evaluate the feasibility of a TF approach before TAVI. This analysis was retrospectively conducted in a prospectively acquired singlecenter, nonrandomized cohort with inherent limitations related to its design. Therefore, we were only able to identify correlations and not prove any causality.

Additionally, although it represents a real-world situation with inclusion of approximately 700 patients, the number of major VCs was relatively low (7.5%) and the results should be confirmed in a larger population. Furthermore, we excluded about 40% of the patients for whom MDCT was not archived in the PACS currently used in our center. It is therefore possible that this could have resulted in a selection bias. Finally, our results were obtained using preclosing with Prostar device and could not be extrapolated with other VCD.

In conclusion, the results of our study show that FAD measurement is easy and reproducible and can be performed during MDCT assessment of ilio-femoral vessels, before TAVI. Based on our findings, we suggest that FAD is an independent predictor of the need for a stent-graft for VC after TF TAVI. Further studies are needed to confirm our results prospectively and in a larger population. First, a horizontal line was drawn between the ischial spines (green line). An orthogonal vertical line (green line) was drawn from this bi-ischiatic line and directed anteriorly. Another orthogonal horizontal line (pink) connected the vertical line to the geometric center of the common femoral artery that was used as a vascular access (the right one in the present case). Finally, a second vertical line (blue) was traced from the center point of the common femoral artery to the skin surface. 
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 1 Baseline characteristics

	Characteristics

Table 2 .

 2 Computed Tomography analysis of the ilio-femoral axis.

	Characteristics	Overall Population
		(N=689)
	Tortuosity	
	-Absent or mild	381 (55.3%)
	-Moderate	247 (35.8%)
	-Severe	61 (8.8%)
	Calcium	
	-Absent	184 (26.7%)
	-< 30%	372 (54.0%)
	-30-50%	110 (16.0%)
	-> 50%	23 (3.3%)
	Minimal femoral diameter (mm)	6.8 (5.9-7.6)
	Femoral artery depth (mm)	49.0 (36.2-66.7)
	SFAR	0.95 (0.81-1.18)
	Abbreviations. SFAR: sheath-to-femoral-artery ratio	

Table 3 . Predictors of the need for a stent graft

 3 

	Variables	HR	CI 95%	P
	SFAR	0.77	0.14-4.34	0.77
	Tortuosity	1.01	0.60-1.71	0.97
	Calcification	0.81	0.50-.32	0.40
	Sheath diameter	1.23	0.93-.64	0.15
	Minimal femoral diameter	0.96	0.65-1.41	0.83
	Femoral artery depth	1.02	1.00-1.04	0.048
	Abbreviations. SFAR: sheath femoral artery ratio		

Table 4 . Predictors of major vascular complications

 4 

	Variables	HR	CI95%	P
	SFAR	8.86	1.42-55.24	0.02
	Tortuosity	0.64	0.32-1.28	0.21
	Calcification	1.00	0.58-1.73	0.99
	Sheath diameter	1.09	0.80-1.49	0.58
	Minimal femoral diameter	1.32	0.81-2.14	0.26
	Femoral artery depth	1.00	0.98-1.02	0.86

Abbreviations. SFAR: sheath femoral artery ratio
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