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SUMMARY:
An upper-extremity approach for secondary access during transfemoral transcatheter aortic valve implantation is associated with fewer secondary access site-related bleeding complications and reduces time to mobilization in patients requiring extended pacing. This protocol aims to provide an extensive overview of the upper-extremity approach and guide operators in adopting this methodology. 

ABSTRACT: 
Transcatheter aortic valve implantation (TAVI) requires multiple access sites, each with a potential risk of access site-related bleeding complications. While most bleeding events occur at the primary TAVI access site, a significant number of bleeding events originate from the secondary access sites. Additionally, a temporary pacing lead prevents early mobilization after TAVI, while prolonged immobilization is associated with an increased rate of post-procedural complications such as delirium and infection. Using alternative secondary access sites may reduce the incidence of access site-related complications and facilitate early mobilization after TAVI. This protocol aims to provide a detailed overview of the recently investigated and published upper-extremity approach for secondary access in transfemoral TAVI. The described method for an upper-extremity approach for secondary access in transfemoral TAVI has previously been investigated in a randomized trial (TAVI XS), and the current manuscript aims to provide an extensive overview of this methodology. For this approach, the radial artery is used for diagnostic access, and the upper arm veins (basilic, cephalic, or brachial vein) are used for temporary pacing lead insertion. To enhance reproducibility, a step-by-step protocol was created on how to perform an upper-extremity secondary access approach during transfemoral TAVI. It was previously demonstrated that an upper-extremity approach for secondary access results in significantly fewer clinically relevant secondary access site-related bleeding complications. Additionally, the approach reduces the time to mobilization for patients who require a pacing lead for an extended period of time. Due to the pragmatic nature of the aforementioned study, the protocol presented here is readily applicable to the majority of transfemoral TAVI patients. The upper-extremity approach reduces periprocedural complications in TAVI patients and may facilitate early mobilization. The presented approach is the next step in minimizing the invasiveness of transfemoral TAVI and should be considered in all eligible TAVI patients. 

INTRODUCTION: 
Despite a reduction in sheath sizes and improvements in percutaneous closure over the years, access site-related bleeding remains a prevalent complication after transcatheter aortic valve implantation (TAVI)1,2. While the primary access, used for inserting the valve prosthesis, has been the main target for reducing these complications, a significant proportion of access site bleeding is related to the secondary access sites3,4. These access sites include secondary arterial access, which is required for invasive hemodynamic measurements and angiographic guidance, and a third venous access site, which is needed for patients requiring a temporary pacing lead. Retrospective studies have reported on the feasibility of using the radial artery as secondary arterial access during TAVI, showing a reduced incidence of bleeding complications related to this secondary access site3,5. However, randomized data are lacking.

In addition to angiographic guidance, rapid ventricular pacing is usually required for accurate valve deployment and pre- or post-dilatation. Rapid ventricular pacing minimizes cardiac output and creates a short window of opportunity in which the operator can deploy the valve prosthesis. Previously, to perform rapid pacing, a temporary pacing lead was inserted in all TAVI patients using either the femoral or the jugular vein. This temporary pacing lead also provides backup in case high-degree conduction disturbances occur. These disturbances are encountered frequently due to the anatomical location of the conduction pathways near the aortic annulus6,7. Despite these risks, pacing over the left ventricular stiff wire proved an effective and safe strategy for rapid ventricular pacing in patients with a low pre-procedural risk of conduction disturbances8,9. This approach concomitantly omitted the need for a third access site in eligible patients. Despite these advancements, temporary pacing leads are still typically placed in patients with a high pre-procedural risk of conduction abnormalities10, resulting in an increased risk of access site-related complications. In particular, the jugular or femoral veins, which are commonly used for pacing lead insertion, are prone to access site-related bleeding11. Moreover, jugular or femoral venous access for temporary pacing lead insertion precludes early mobilization to prevent lead dislocation after the procedure.

In an attempt to address and improve both secondary access sites, the TAVI XS trial investigated whether using an upper-extremity approach for secondary access would result in fewer clinically relevant access-site-related bleeding complications12. Aside from investigating secondary radial access, the TAVI XS trial aimed to investigate an upper-extremity approach for temporary pacing lead placement. This novel strategy had previously been investigated in a prospective registry, which showed that its use is safe and effective11. Moreover, the use of this upper-extremity approach for temporary pacing lead placement is associated with a significantly shorter time to mobilization compared with a femoral or jugular approach. This is particularly relevant as prolonged immobilization is a known risk factor for delirium13,14, which is subsequently associated with an increased duration of hospitalization and higher rates of rehospitalization and mortality15,16.

The TAVI XS trial was a pragmatic study with few exclusion criteria, affirming the scope of the presented approach. All transfemoral TAVI patients, with no evident contraindications for radial- or femoral arterial access (such as known occlusion) and no contraindications for upper-arm or femoral venous access (such as a known disruption of vascular patency) and no intended use for a cerebral embolic protection device, were deemed eligible for participation. As the results of the aforementioned registry and clinical trial show the possible benefit of this approach, the main objective of this protocol is to describe the upper-extremity approach as investigated in the TAVI XS trial, in greater detail. This protocol focuses mainly on the upper-extremity venous access for temporary pacing lead insertion, as most operators will be unfamiliar with this approach. The method presented is readily applicable to most TAVI patients, directly reduces access site-related bleeding complications, and reduces time to mobilization in patients requiring extended pacing. It should, therefore, be considered in all eligible transfemoral TAVI patients.

PROTOCOL:
The following method has been investigated in a previous trial (TAVI XS)17. Written informed consent was obtained from all participants prior to study enrollment. The trial was conducted in accordance with the principles of ICH-GCP, applicable privacy requirements, and guiding principles of the Declaration of Helsinki. The TAVI XS trial has been approved by the Medical Research Ethics Committee Oost-Nederland and the review board of each participating site.
	
1. Patient inclusion and exclusion

1.1 All patients aged 18 years or older undergoing transfemoral TAVI should be considered for this method, provided no exclusion criteria are present.

1.2 Exclude patients with contraindication for venous access (either upper-arm or femoral vein; e.g., known disruption of vascular patency after extensive thoracic surgery). Exclude patients if any contraindications for radial or femoral arterial access are present (e.g., known arterial occlusion after prior angiography or occlusion of the arteries due to peripheral artery disease). Exclude patients if a cerebral embolic protection device (requiring additional arterial access) will be used. 

1.3 Treat patients who already have a permanent pacemaker implanted using a pacing-over-the-wire strategy and consider them ineligible for the method presented in step 2.

NOTE: The methods presented below can be performed using only local anesthetics. The use of general anesthesia or conscious sedation depends on patient characteristics and is neither a contraindication nor a requirement for performing the presented methods. Materials used in the methods described below are listed in the Table of Materials. The methods below describe the upper arm venous access and radial arterial access separately, as both approaches can be employed independently based on patient characteristics and procedural requirements.

2. Upper-extremity temporary pacing lead placement 

2.1 Patient positioning

2.1.1 Instruct the patient to get into a supine position on the catheterization table. Make sure the arm (preferably left) is fully extended at a 90° angle relative to the thorax while remaining in the same vertical plane (Figure 1).

NOTE: The materials required are shown in Figure 2. 

2.1.2 Support the extended arm of the patient by making use of an armrest. Let the patient overextend and supinate their arm, by doing so presenting the medio-ventral side of the upper arm towards the operator.

2.2 Access site preparation

2.2.1 Make sure the access site is disinfected with either chlorhexidine or povidone-iodine by disinfecting the whole upper arm. This is important as prior to ultrasound, the exact location of the puncture is unknown.

2.2.2 Place a tourniquet around the upper arm as proximally as possible and tighten it to enhance the visibility of the upper arm veins (basilic, cephalic, and brachial vein). 

2.2.3 Create a sterile field by placing a sterile cover that only reveals the disinfected upper arm.

2.2.4 Prepare ultrasound-guided puncture using a vascular probe, sterile probe cover, and ultrasound gel.

2.3 Access site puncture

2.3.1 Use ultrasound to localize a suitable vein for puncture, a suitable vein is usually located 5-10 cm proximally to the elbow crease. In most cases this will either be the basilic vein (medio-ventral) or the cephalic vein (lateral). In some cases, the brachial vein is the most optimal for puncture.

2.3.2 Determine the suitability of the vein based on the factors described below.

2.3.2.1 Select based on proximity to related structures prone to result in complications when punctured. For example, in some cases, a suitable vein is located very close to one of the arteries. In this case, try following the vein more proximal or distal to find an alternative location.

2.3.2.2 Select based on the depth of the vein; a superficially located vein is preferable.

2.3.2.3 Select based on the diameter of the vein, i.e., larger veins are more suitable for puncture.

2.3.2.4 Select based on location of the puncture site, puncturing close to the elbow crease potentially causes pacemaker malfunction when the RV pacing lead is kept in place after the procedure. Make sure flexing of the arm is possible without compromising the pacing lead.

2.3.3 Once a suitable vein is chosen, confirm that it is a vein by compressing it with the echo probe before puncturing. A vein should collapse, whereas an artery will not.

2.3.4 Infiltrate the subcutaneous space of the desired access site with 1-2 mL of 1% lidocaine solution (Figure 3A).

2.3.5 Puncture the vein with a hollow needle, which is usually present in the 6 Fr sheath kit, using direct ultrasound guidance and make sure that sufficient backflow is present (Figure 3B,C).

2.3.6 Directly afterward, insert a guidewire in the hollow needle and advance the guidewire (Figure 3D). After doing so, remove the tourniquet and remove the hollow needle back over the wire.

2.3.7 Flush the sheath and side port before introducing it to make sure there is no air within the system.

2.3.8 Introduce the 6 Fr sheath over the wire and then remove the guidewire and dilator. After this step, a 6 Fr lumen is created through which a temporary pacing lead can be inserted with additional room for the side port to inject intravenous fluids when required (Figure 3E).

2.3.9 Introduce a 5 Fr flow-directed pacing catheter through the sheath with the balloon deflated. Advance the pacing lead following step 2.4.

2.4 Imaging guidance set-up and lead advancement

2.4.1 Use fluoroscopy when advancing the pacing lead towards the right ventricle. Use an anterior-posterior (0°/0°) view. 

2.4.2 Advance the pacing lead; the lead should naturally follow the vasculature toward the right ventricle without any resistance.

2.4.3 Once the tip of the lead is situated within the subclavian vein, inflate the balloon tip to assist in directing the catheter tip towards the right ventricle. 

NOTE: Once the tip of the catheter is situated medial to the head of the humerus (which can be confirmed using fluoroscopy), the tip is likely situated in the subclavian vein. If there is any resistance during the advancement of the lead, a contrast injection can be used to confirm that the tip of the catheter is situated in a vessel with a large enough diameter to inflate the balloon (the vessel diameter should be at least twice the diameter of the deflated catheter tip).

2.4.4 If the pacing lead instead enters either the contralateral subclavian vein (which can be identified by the pacing lead advancing to the contralateral side surpassing the median line) or the jugular vein (which can be identified by the pacing lead advancing cranially after passing the midclavicular line), partially retrieve the lead and try to rotate the pre-shaped angulated tip of the pacing lead before advancing again. 

NOTE: Contrast injections through the side port of the 6 Fr sheath can be used to facilitate proper passage of the lead and to confirm the pacing wire is advancing towards the right ventricle.

2.4.5 Pass the tricuspid valve by slightly rotating the pacing lead towards the right ventricle and pass the tricuspid valve with an inflated balloon tip.

2.4.6 In the right ventricle, make contact with the right ventricular apex and deflate the balloon afterward.

2.5 Connecting and testing the pacing lead

2.5.1 When the pacing lead is in the right position, connect the electrode plugs to the corresponding ports on the adapter.

2.5.2 Perform a capture threshold test of the temporary pacing lead by pacing 20 beats per minute above the intrinsic heart rate at maximum pacemaker output and slowly decrease output amperage until malcapture (defined as pacing stimuli not resulting in depolarization, which can be identified by the presence of an irregular heartbeat and a heart rate that is lower than expected based on the pacemaker settings). Ensure the pacemaker setting does not exceed 2x this threshold value.

2.5.3 When a threshold of > 3 mA is found, reposition the pacing lead to achieve lower thresholds.

2.6 Fixating the pacing lead

2.6.1 Fixate the temporary pacing lead by using a large transparent film dressing covering the access site and about 10 cm of the remaining extrabodily located part of the pacing lead (Figure 4). Position this part of the pacing lead in a rolled-up fashion to prevent pacing lead dislocation due to movement of the upper arm or pacemaker device.

2.6.2 Make sure the pacing lead is properly fixated in case patients require extended pacing or backup of the temporary lead (this allows mobilization with the pacing lead in situ).

2.7 Access closure (in case of lead removal after the procedure)

2.7.1 If removal of the pacing lead is warranted, reassure the balloon is deflated and retrieve the pacing lead with slight traction.

2.7.2 Make sure the 6 Fr. Sheath remains in situ until activated clotting time (ACT) is normalized. Thereafter, remove the sheath manually.

2.7.3 Use manual compression of the access site for 2 min. Place a sterile bordered gauze or island dressing afterwards for access site closure. If deemed necessary, use a bandage with slight compression instead. 

3. Upper-extremity secondary arterial access

NOTE: Step 3 can be performed independently from step 2 (e.g. when a pacing-over-the-wire strategy is used). In case both steps are performed, step 3 can be performed directly after 2.6.2.

3.1 Patient positioning

3.1.1 Instruct the patient to get into a supine position on the catheterization table. Make sure the arm (either left or right) is extended fully and position the arm parallel to the body.

3.1.2 Support the extended arm of the patient by making use of an armrest. Have the patient supinate the lower arm so that the ventral side of the wrist becomes accessible and faces upward.

3.2 Access site preparation

3.2.1 Palpate the radial artery to assess the location suitable for puncture and make sure the wrist is disinfected with either chlorhexidine or povidone-iodine.

3.2.2 Let the patient overextend their wrist to improve accessibility of the radial artery. Create a sterile field by placing a sterile cover that only reveals the disinfected wrist. 

3.3 Access site puncture

3.3.1 Infiltrate the subcutaneous space around the intended puncturing site with 1-2 mL of 1% lidocaine solution.

3.3.2 Puncture the radial artery directly with a hollow needle (usually present within the sheath kit). Pulsatile backflow through the hollow needle confirms successful puncture of the radial artery.

3.3.3 Directly afterward, insert a guidewire into the hollow needle. Advance the guidewire for at least 5 cm to ensure arterial access is maintained. Subsequently, retrieve the hollow needle back over the wire.

3.3.4 Flush the sheath and side port before introducing it to ensure there is no air within the system. Introduce a 5 or 6 Fr sheath over the wire and then remove the guidewire and dilator. Introduce a pigtail catheter through the sheath. 

3.4 Advancing catheter

3.4.1 Advance the pigtail catheter using direct fluoroscopy. Use an anterior-posterior (0°/0°) view.

3.4.2 Position the pigtail catheter in the Non-Coronary Cusp (NCC). Check the positioning of the pigtail catheter by performing contrast injections of 10 mL of contrast medium in a cusp-overlap view. The tip of the pigtail catheter should be situated in the NCC.

3.5 Access site closure

3.5.1 Once the TAVI prosthesis has been deployed and the primary access site has been closed, achieve hemostasis by removing the pigtail catheter and by placing a compression device.

3.5.2 Let the device exert compression for at least 2 h and afterward slightly release pressure every 10-15 min.

3.5.3	To prevent access site bleeding, make sure the patient minimizes arm use during the first 24 h. An arm sling can assist in achieving this.

3.5.3 Once the compression device is completely deflated, remove the device and cover the puncture site with an island dressing or bandage.

RESULTS: 
Step 2 has previously been investigated in both a prospective registry and a randomized clinical trial11,17. The prospective registry demonstrated that using the upper arm veins for temporary pacing lead placement results in a shorter time to mobilization when compared to the conventional approach using the femoral or jugular vein. Moreover, the incidence of access site bleeding was significantly lower11. Time to mobilization remained significantly shorter even after propensity matching an upper arm cohort with a femoral vein cohort (480 min versus 1140 min). However, the difference in clinically relevant access site-related bleeding events was no longer statistically significant after propensity matching.

The TAVI XS trial was conducted to confirm previous findings and to test the hypothesis that an upper-extremity approach for secondary access reduces access site-related bleeding. In this trial, patients were treated using the femoral artery for primary TAVI access and were randomly assigned to either an upper- or a lower-extremity approach for secondary access12. Patients in the upper-extremity cohort were treated using the methods described in the protocol section of the present paper. Patients in the lower-extremity cohort were treated using the contralateral femoral artery for secondary diagnostic access and the femoral vein for temporary pacing lead placement. In both cohorts, pacing over the left-ventricular stiff wire could be used instead of inserting a temporary pacing lead. The primary endpoint was clinically relevant bleeding (i.e., Bleeding Academic Research Consortium [BARC] type 2, 3, or 5) of the randomized secondary access. 

In the trial, 238 patients were randomized. Baseline characteristics of patients enrolled are presented in Table 1. The TAVI XS demonstrated that the upper-extremity approach for secondary access, as described in the protocol section, results in fewer clinically relevant bleeding complications when compared to a lower-extremity approach (Figure 5). Most primary endpoint bleeding events were related to the secondary arterial access, with clinically relevant secondary arterial access site-related bleeding originating from the femoral artery in 10.9% of patients and from the radial artery in 4.2% of patients (Table 2)17. Despite bearing a lower risk of bleeding, clinically relevant venous access site bleeding occurred in the lower-extremity group (using the femoral vein) in 2.5% of patients. No relevant bleeding occurred when using the upper arm vein for temporary pacing lead placement. Additionally, time to mobilization was shorter in the upper-extremity cohort in patients who required a temporary pacing lead for an extended period of time, either as backup or for pacing (upper-extremity: 530 min versus lower-extremity: 1415 min; Figure 6). In addition, a difference in permanent pacemaker implantation rates (PPI) was observed, with more permanent pacemakers being implanted in the lower-extremity group. However, this difference did not reach statistical significance (9.2% in the upper-extremity group versus 16.0% in the lower-extremity group; p = 0.12).

The upper-extremity approach for secondary access was successful in most patients. However, secondary access site failure was more prevalent in the upper-extremity cohort when compared to the lower-extremity cohort (14 versus one access site failure)17. In most cases, this concerned the failure of the secondary arterial access (8/14, 57.1%)17. A higher rate of access-site failure for a transradial approach was also observed in large percutaneous coronary intervention (PCI) trials investigating radial access compared to femoral access18, although our observed rates were somewhat higher17. Additionally, procedural duration was significantly longer using the upper-extremity approach when compared to a lower-extremity approach. This was likely caused by an increase in preparatory steps and a higher rate of access site failure. It is likely that these drawbacks of the method will diminish once the method is more frequently employed, as this has also been observed when the transradial approach for PCI was adopted19. 

FIGURE AND TABLE LEGENDS:
Figure 1: Patient positioning for temporary pacing lead insertion.

Figure 2: Required materials for temporary pacing lead insertion. Sterile work field for the operator, showing the required materials for temporary pacing lead insertion.

Figure 3: Puncturing one of the upper arm veins for temporary pacemaker access. (A) Lidocaine infiltration of subcutaneous space; (B, C) successful ultrasound-guided puncture of the upper arm vein; (D) guidewire insertion; (E) end result after inserting a 6 Fr sheath over the wire.

Figure 4: Fixation of the temporary pacing lead using a transparent film dressing. (A) Positioning the pacing wire to ensure stability of the pacing lead and (B) the end result after fixing the lead.

Figure 5: Primary results of the randomized TAVI XS trial comparing an upper-extremity approach for secondary access in TAVI with a lower-extremity approach. The figure shows the incidence of clinically relevant (BARC type 2, 3, and 5) bleeding of the randomized secondary access (left) and the incidence of any clinically relevant bleeding (right). These bleeding endpoints were compared between groups using a Chi-squared test. This figure has been modified from17.

[bookmark: OLE_LINK1]Figure 6: Time to mobilization after the TAVI procedure for both secondary access site approaches. Results are shown for both the total cohort (left) and patients who needed a temporary pacing lead for a prolonged period of time after the procedure, either as a backup or for active pacing (right). Time to mobilization was compared between groups using a Mann-Whitney U test, and the bars represent the interquartile ranges. This figure has been modified from17.

Table 1: Baseline and procedural characteristics of patients enrolled in the TAVI XS trial. Baseline characteristics and comorbidities are evenly distributed between the two treatment groups. This table has been modified from17.

Table 2: Primary and safety outcomes of the TAVI XS trial. These results demonstrate that an upper-extremity approach, as presented in the protocol section of this paper, results in a decrease of secondary access site-related bleeding complications with similar safety outcomes using the Valve Academic Research Consortium (VARC-3) endpoints. This table has been modified from17.

DISCUSSION:
Access site-related bleeding remains one of the most prevalent complications after TAVI1,2. The method described in this paper for upper-extremity access helps to reduce secondary access site-related bleeding. Additionally, the procedures described in this paper reduce time to mobilization in case a patient requires a temporary pacing lead after the procedure, either for active pacing or serving as backup. Furthermore, a non-statistically significant difference in PPI rates was observed between the two treatment approaches. This difference is unlikely to be attributable to immobilization in the lower-extremity group, as there was no significant difference in the time between the TAVI procedure and PPI. Nevertheless, when using a temporary pacing lead instead of left-ventricular stiff-wire pacing, the upper arm veins should be considered as a potential access site, as patients can mobilize with a temporary pacing lead in situ. With ongoing refinements in TAVI and access site management, immobilization due to a prolonged need for pacing or pacemaker backup should be avoided. Indeed, immobilization is a known risk factor for numeral post-operative complications such as delirium, infection, and pain13. Similarly, secondary radial access should be considered in all patients undergoing transfemoral TAVI to reduce bleeding complications. Moreover, most TAVI operators are likely experienced in performing PCI and are, therefore, familiar with performing the radial puncture required for radial secondary access in TAVI.

Critical steps in the presented method are directly related to the few limitations described previously. Increased rates of access site failure and an increase in procedural duration are likely interrelated. To prevent access site failure and to prevent an increase in procedural duration, patient positioning and access site preparation should be optimized following the steps described in the protocol. In the TAVI XS trial, the inability to advance the temporary pacing lead was the cause of the majority of venous access site failures (4 out of 6 failures, 66.7%). To overcome this problem, several methods may be used during the procedure to increase the likelihood of the pacing lead reaching the right ventricle. First, reshaping the catheter tip of the flow-directed pacing lead can help the pacing lead naturally follow the vasculature. Second, small contrast injections can help visualize the upper arm vasculature, whilst placing the fluoroscopic imaging over a loop recording of the contrast injection may help advance the lead. Third, having the patient take deep breaths can help stretch the veins, and this sometimes also helps advance the pacing lead. Finally, if none of these methods help to advance the pacing lead, a femoral vein crossover should be considered as a last resort. These troubleshooting techniques should assist in the implementation of the presented approach. Moreover, once the approach presented here becomes the standard approach and is widely adopted, a further reduction in the access site failure rate may be observed.

Over the years, TAVI platforms and operator experience have improved substantially, reducing major complications such as mortality, stroke, and rehospitalization20-22. Following these improvements in outcome, early discharge protocols and lean TAVI approaches have been developed and are increasingly adopted10,23,24. The presented upper-extremity approach for secondary access is readily applicable to most TAVI patients, could further enhance a lean TAVI strategy, and may further contribute to lowering the procedural risks. In particular, transradial secondary arterial access is likely to become the standard approach and will remain valuable for procedural efficiency and safety (e.g., for primary access management). Similarly, upper-extremity access for temporary pacing lead insertion will be beneficial in cases requiring a temporary pacing lead.

With the increasing adoption of the pacing-over-the-wire strategy, temporary pacing leads will likely be primarily reserved for patients at high risk of conduction disturbances. In most such cases, upper arm venous access for pacing lead insertion should be considered. Nonetheless, temporary pacing leads are used across diverse clinical scenarios, including post-thoracic surgery conduction disturbances, drug-induced conduction abnormalities, and hemodynamically unstable bradycardia. In our practice, the upper arm has become the preferred access site for temporary pacing. To safely implement this approach in (sub)acute settings, operators should first gain proficiency through elective procedures. Elective TAVI procedures allow operators to become familiar with this technique and are the only setting in which we have randomized data to confirm its safety and efficacy. While favorable outcomes, such as reduced bleeding complications and shorter time to mobilization, appear likely in other clinical settings, further research is warranted to confirm these benefits.

Despite a shorter time to mobilization, the method has not been shown to directly reduce the duration of hospitalization in previous studies11,17, which were potentially underpowered to detect such differences. However, the lower incidence of bleeding complications and avoidance of delayed mobilization may aid post-procedural rehabilitation. The proposed upper-extremity approach represents a relatively simple adjustment, which may further reduce periprocedural complications and increase the likelihood of a quick recovery. This is particularly relevant as TAVI is being performed more frequently, and its indication is expanding to include younger patients. The upper-extremity approach for secondary access is the next step in reducing the procedural invasiveness of TAVI and should be considered in most TAVI patients.
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