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Feasibility and safety of transfemoral transcatheter aortic valve implantation performed with a percutaneous coronary intervention-like approach Faisabilité et sécurité des procédures TAVI par voie percutanée transfémorale selon une approche de type procédures interventionnelles coronaires☆

Keywords: 

Background

Transfemoral percutaneous transcatheter aortic valve implantation (TF-TAVI) is a safe, reproducible and established procedure, mainly performed under local anaesthesia, which is mostly administered and monitored by a dedicated anaesthesia team (regular approach). Our centre has developed a standardized pathway of care, and eligible patients are selected for a minimalist TF-TAVI, entirely managed by operators without the presence of the anaesthesia team in the operating room, like most interventional coronary procedures ("percutaneous coronary intervention-like" approach [PCI approach]).

Aim

To compare the safety and efficacy of TF-TAVI performed with the PCI approach versus the regular approach.

Methods

The analysis population comprised all patients who underwent TF-TAVI with the PCI or regular approach in our institution from November 2016 to July 2019. The two co-primary endpoints were early safety composite and early efficacy composite at 30 days as defined by the Valve Academic Research Consortium-2. The PCI (n = 137) and Regular (n = 221) approaches were compared using the propensity score based method of inverse probability of treatment weighting.

Results

No differences were observed after comparison of TAVI performed with the PCI or regular approach regarding the composite safety endpoint (7.3% vs. 11.3%; odds ratio 0.63, 95% confidence interval 0.37 to 1.07; P = 0.086) or the composite efficacy endpoint (4.4% vs. 6.3%; odds ratio 0.78, 95% confidence interval 0.41 to 1.49; P = 0.45).

Conclusions

This study suggests that the efficacy and safety of TF-TAVI entirely managed by a PCI approach for selected patients are not different to those when TF-TAVI is performed with the attendance of a full anaesthesia care team. The PCI approach appears to be a safe and efficient clinical pathway, providing an appropriate and rational utilization of anaesthesiology resources, and could be used for the majority of TF-TAVI procedures.

Résumé Contexte

Les procédures TAVI transfémorales percutanées (TF-TAVI) sont des procédures simples, efficaces et sécurisé pour le traitement des rétrécissements aortique qui sont principalement réalisés sous anesthésie locale et sédation consciente administrée et surveillée par une équipe d'anesthésie dédiée (approche conventionnelle). Notre centre a mis en place un parcours de soin pour sélectionner les patients éligibles à une procédure TF-TAVI entièrement réalisée par les opérateurs et l'équipe paramédicale sans présence d'une équipe d'anesthésie (approche PCI), à l'image des procédures de cardiologie interventionnelle coronaire (PCI). Objectif Pour comparer l'innocuité et l'efficacité d'une procédure TF-TAVI réalisé avec l'Approche PCI par rapport à l'approche conventionnelle. Méthodes Nous avons analysé tous les patients bénéficiant d'une procédure TF-TAVI sous anesthésie locale avec l'approche PCI ou l'approche conventionnelle dans notre institution de novembre 2016 à juillet 2019. Les deux critères de jugements principaux étaient un critère composite de sécurité et un critère d'efficacité à 30 jours définis selon le VARC-2. Les résultats entre l'approche PCI (n = 137) et l'approche conventionnelle (n = 221) étaient comparés à l'aide d'une méthode de pondération de probabilité inverse basée sur le calcul d'un score de propension.

Résultats

Aucune différence n'était observée entre l'approche PCI et l'approche Conventionnelle concernant les critères composite principaux de sécurité (7,3 % vs 11,3 % ; OR : 0,63, IC95 % : 0,37 à 1,07 ; p = 0,086) et d'efficacité (4,4 % vs 6,3 % ; OR : 0,78, IC95 % : 0,41 à 1,49 ; p = 0,45).

Conclusions

Cette étude est en faveur d'une efficacité et d'une sécurité comparables entre les procédures TF-TAVI réalisées avec l'approche PCI. L'approche PCI pour les TF-TAVI est une approche permettant d'utiliser de manière raisonnée et appropriée les ressources anesthésiques qui pourrait être appliquée à la plupart des TF-TAVI.

Background

Percutaneous transfemoral transcatheter aortic valve implantation (TF-TAVI) has evolved over the years from a complex and challenging procedure to a safe, simplified and reproducible procedure, achieving excellent outcomes with low complication rates [START_REF] Mack | Transcatheter aortic valve replacement with a balloon-expandable valve in low-risk patients[END_REF]. In several programmes, simplified or mini-invasive transcatheter aortic valve implantation (TAVI) is now the standard of care for most procedures [START_REF] Avinee | Trends over the past 4 years in population characteristics, 30-day outcomes and 1-year survival in patients treated with transcatheter aortic valve implantation[END_REF]. No consensus exists on the definition of this approach. However, it generally refers to percutaneous TF-TAVI with simplified procedural steps, without transoesophageal echocardiography (TOE) guidance, and performed under local anaesthesia with the support of a dedicated anaesthesia team, in addition to the operators and catheterization laboratory nursing staff (regular approach). This strategy should be re-evaluated as procedural success evolves, operator experience grows and patients present with fewer baseline co-morbidities. Moreover, there is a chronic shortage of anaesthesia providers, because the use of TAVI and other interventional cardiology procedures that require anaesthesia is increasing. The members of the catheterization laboratory team, comprising interventional cardiologists and nursing staff, are trained to perform routine percutaneous coronary interventions (PCIs) while managing the patient's haemodynamic instability, pain and agitation, if needed. In 2016, our heart team identified the need for practice changes towards a comprehensive, appropriate and rational utilization of anaesthesiology resources. We developed, in collaboration with our anaesthesia team, a standardized clinical pathway to determine the eligibility of patients for a TF-TAVI procedure entirely managed by operators, without an anaesthesia team in attendance in the operating room, like most interventional coronary proceduresnamely the PCI-like approach (PCI approach). The feasibility of TAVI without anaesthesiologists has already been reported [START_REF] Cribier | Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific aortic stenosis: first human case description[END_REF], [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], [START_REF] Saia | Routine minimalist transcatheter aortic valve implantation with local anesthesia only[END_REF], and it is practiced routinely in several centres. However, there is a paucity of data on its evaluation, standardization and comparison with the regular approach [START_REF] Keegan | Nurse led sedation: the clinical and echocardiographic outcomes of the 5-year Emory experience[END_REF]. The main objective of this study was to compare the safety and efficacy of TF-TAVI performed with the PCI approach versus the regular approach.

Methods

Study design

This single-centre observational study included all consecutive patients treated by miniinvasive TF-TAVI under local anaesthesia from November 2016 to July 2019 at Lille University Hospital. Local anaesthesia is the standard method of anaesthesia in our institution for all TF-TAVI procedures, and general anaesthesia is restricted to cases in which there is a patient-specific clinical reason for controlling ventilation, a need for perprocedural TOE or patient preference for general anaesthesia.

The patients referred to our institution for TF-TAVI under local anaesthesia who were screened for a PCI approach were compared with those who were not screened for a PCI approach and underwent the TF-TAVI procedure with the regular approach (Fig. 1). 

Screening of patients for the PCI approach

The PCI approach programme started in November 2016 in our institution, and was led by a task force comprising implanting physicians (two out of six) and anaesthesiologists. It is a clinical pathway designed to determine a patient's eligibility for TF-TAVI performed under local anaesthesia with minimum human resources and without the anaesthesia team in attendance in the procedural area. Both operators and anaesthesiologists evaluated the patients referred for TF-TAVI during two independent clinical visits. Eligibility was determined according to a predefined list of criteria (Table 1) and after a multidisciplinary team discussion involving a non-interventional cardiologist, a cardiothoracic surgeon or another physician if necessary. A review of the computed tomography scan to assess the suitability of transfemoral access was mandatory before the final decision. Notably, there were no specific exclusion criteria based on the Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) score, the Mallampati score [START_REF] Mallampati | A clinical sign to predict difficult tracheal intubation: a prospective study[END_REF], ejection fraction, concomitant renal or coronary disease or baseline electrocardiographic abnormalities. Table 1. Eligibility criteria for PCI approach for patients referred for transfemoral transcatheter aortic valve implantation under local anaesthesia. Local anaesthesia with or without sedation is the default approach in our institution, except for the presence of any patient-specific clinical reason for controlling ventilation via general anaesthesia OR operator-specific clinical reason to prefer general anaesthesia (TOE required because absence of CT scan or high-risk of paravalvular regurgitation or high-risk of patient-prosthesis mismatch OR high-risk of conversion to surgical vascular access) OR patient's preference for general anaesthesia. The PCI approach group refers to all patients referred to the two implanting physician task force members, who were screened and deemed eligible for the PCI approach TAVI procedure. Patients screened for the PCI approach and deemed ineligible were excluded from the analysis (Fig. 1).

Inclusion criteria

Symptomatic

Screening of patients for the regular approach

The regular approach group refers to all patients referred for TF-TAVI to the implanting physicians of our institution who are not members of the PCI approach task force, who were deemed eligible for routine TF-TAVI under local anaesthesia provided by the anaesthesia team. These patients were not screened for the PCI approach. This group was used as a comparator (Fig. 1). Mini-invasive TF-TAVI settings in our institution TAVI procedure with the regular approach The TF-TAVI procedures with the regular approach were performed by two operators (cardiologists and/or cardiothoracic surgeons) with a catheterization laboratory team (one nurse and one radiography technician) and an anaesthesia team (one anaesthesiologist and one anaesthetist nurse) [START_REF] Babaliaros | Comparison of transfemoral transcatheter aortic valve replacement performed in the catheterization laboratory (minimalist approach) versus hybrid operating room (standard approach): outcomes and cost analysis[END_REF]. The anaesthesia method used was local anaesthesia with conscious sedation (LACS), and the procedures took place either in the catheterization laboratory or in a hybrid room. All vascular access was performed with ultrasound guidance, as described previously (Fig. 2A) [START_REF] Vincent | Ultrasound guidance to reduce vascular and bleeding complications of percutaneous transfemoral transcatheter aortic valve replacement: a propensity score-matched comparison[END_REF]. No TOE guidance was used, and the insertion of unnecessary catheters was minimal (left ventricle wire rapid pacing, no central lines, urinary catheters or arterial cannulas). TAVI procedure with the PCI approach The PCI approach procedures were performed by two cardiologists (or one cardiologist and one cardiothoracic surgeon) and a catheterization laboratory team composed of two nurses and one radiology technician without the attendance of the other personnel. The procedure took place either in the catheterization laboratory or a hybrid room. The operator administered the local anaesthesia with a subcutaneous injection of lidocaine (20 mg/mL). One scrub nurse was assigned to valve preparation. Fluids and drug administration under the supervision of the implanting physician, and the monitoring of vital signs, level of consciousness, oxygen saturation and pain score were carried out by the other nurse. One radiology technician was circulating in the operating room (Fig. 2B). The written standardized protocols for the utilization of vasoactive drugs (ephedrine and noradrenaline) were developed in collaboration with the anaesthesiology department, besides the pre-existing analgesic (morphine) and sedative drug (midazolam) protocols (Appendix A). The catheterization laboratory team members (nurses, radiography operators, and physicians) were trained to administer these drugs properly before the beginning of the programme. The procedural area (similar to the regular approach procedures) was equipped with an echocardiogram, a ventilator and an emergency code cart containing all the intubation supplies. An anaesthesia team could be activated by calling the emergency code.

Primary and secondary endpoints

The two co-primary endpoints were: • • early safety composite at 30 days of all-cause mortality, all-stroke, life-threatening bleeding, acute kidney injury stage 2 or 3, coronary artery obstruction, major vascular complication and valve-related dysfunction requiring reintervention; • • early efficacy composite at 30 days of all-cause mortality, all-stroke and rehospitalization for valve-related symptoms and valve-related dysfunction (mismatch or ≥ moderate prosthetic valve regurgitation), as defined by the Valve Academic Research Consortium-2 (VARC-2) [START_REF] Kappetein | Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document[END_REF] (Table A.1). The secondary endpoints were the individual components of the primary early safety composite endpoint.

Clinical data collection and management

The baseline and procedural characteristics were collected prospectively, and a 30-day followup was performed during the postoperative visit at day 30 or via a telephone interview with the patient. All adverse events were assessed according to the VARC-2 classification and adjudicated by two cardiologists [START_REF] Kappetein | Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document[END_REF]. All the patients analysed were included in the WITAVI registry (NCT02628509) after providing written informed consent.

Statistical analysis

The complete details are available in Appendix B. We assessed the safety and efficacy of the PCI approach compared with the regular approach after considering the effects of potential confounding factors in the between-group comparisons with propensity score methods [START_REF] Austin | An introduction to propensity score methods for reducing the effects of confounding in observational studies[END_REF]. As the main analysis, we estimated the effect of the PCI approach on the outcomes by using inverse probability of treatment weighting (IPTW) using propensity score based on 16 predefined confounders. The propensity score was estimated using a non-parsimonious multivariable logistic regression model, with the approach group (PCI approach versus regular approach) as the dependent variable and all of the following predefined confounders: balloonexpandable or self-expanding valve design; STS-PROM score; age; sex; left ventricular ejection fraction; anticoagulant treatment; pacemaker; body mass index; history of renal failure; diabetes mellitus; New York Heart Association functional class; American Society of Anaesthesia score; clopidogrel; sheath to femoral artery ratio > 1.05; chronic obstructive pulmonary disease; and peripheral artery disease. The effect sizes of the PCI approach against the regular approach on the procedural outcomes were estimated using weighted logistic (binary outcomes) or linear regression (quantitative outcomes) models, with the use of stabilized inverse propensity score cannulas as the weight. The analysis of hospital length of stay after TAVI was carried out in patients who were alive at the end of their hospitalization. To evaluate the bias reduction using the stabilized inverse propensity score weighting, absolute standardized differences (ASDs) were calculated before and after weighting; an ASD > 10% was interpreted as a meaningful difference. Statistical testing was conducted at the two-tailed α level of 0.05. Data were analysed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Population

Between November 2016 and July 2019, 410 patients were referred to our institution for TF-TAVI. A total of 223 were not screened for the PCI approach and underwent the regular approach (i.e. the default approach in our institution). A total of 187 patients were screened for the PCI approach. Among these, 47 patients were not eligible for the PCI approach and were not included in the analysis; their procedures were performed under LACS with the attendance of an anaesthesia team. This resulted in a population of 363 patients, five of whom had extreme propensity score values and were excluded from the analysis (three patients from the PCI approach group and two from the regular approach group). We obtained a final analysis population of 137 patients who underwent TF-TAVI with the PCI approach, who were compared with the 221 patients who had TF-TAVI with the regular approach (Fig. 1).

Baseline characteristics

The baseline demographic, echocardiographic and procedural data of the patients in the analysis cohort according to the approach are presented in Table 2. Patients who underwent the PCI approach were more often women (62.0% vs. 51.6%; ASD 21.2%), had a higher STS-PROM score (4.7% [3.4% to 6.0%] vs. 3.8% [3.2% to 5.2%]; ASD 24.9%), a lower body mass index (26.6 ± 4.3 kg/m 2 vs. 27.4 ± 5.8 kg/m 2 ; ASD 15.0%) and received an anticoagulant more often (42.3% vs. 34.4%; ASD 16.4%); they had pulmonary disease less frequently, and had a pacemaker more frequently before intervention. Selfexpanding valves were used more frequently in the PCI approach group (57.7% vs. 32.1%; ASD 53.1%). After using the stabilized inverse propensity score weighting, the groups were well balanced, with ASD < 10% (Fig. 3). Figure 3. Absolute standardized difference (ASD) of the 16 predefined confounders variables included in the propensity score before and after inverse probability of treatment weighting. Renal failure was defined by glomerular filtration rate using the Cockcroft-Gault formula < 60 mL/min/1.73 m 2 . ASA: American Society of Anesthesiologists; BMI: body mass index; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association class; PAD: peripheral artery disease; SE: selfexpandable; SFAR: sheath to femoral artery ratio; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality. The baseline characteristics of the patients in the overall cohort and according to the approach, before the exclusion of patients with missing values for variables included in the propensity score, are presented in Table A.2. The comparison of the baseline characteristics of the 47 patients deemed ineligible for the PCI approach (and excluded from analysis) versus those included in the analysis are reported in Table A.3. The main reason for exclusion was the realization of an early experience procedure (new valves or new devices, 23%); the second reason was the inability of the patient to lie supine in a comfortable manner (19%) (Table A.4).

Clinical outcomes (IPTW analysis)

The co-primary composite endpoint of early safety was not significantly different between the PCI and regular approach groups (7.3% vs. 11.3%; odds ratio [OR]: 0.63, 95% confidence interval [CI]: 0.37 to 1.07; P = 0.086).

The co-primary efficacy endpoint was also not significantly different between the PCI and regular approach groups (4.4% vs. 6.3%; OR: 0.78, 95% CI: 0.41 to 1.49; P = 0.45). All the individual endpoints of the composite primary endpoints were not different between the two approach groups, including 30-day mortality (1.5% vs. 3.2%; OR: 0.67, 95% CI: 0.27 to 1.66; P = 0.39) and the rates of major vascular complications and life-threatening or major bleeding (Table 3 and Fig. 4). Table 3 4. Outcomes of inverse probability of treatment weighting analysis. Early safety was the composite endpoint at 30 days of all-cause mortality, all-stroke, life-threatening bleeding, acute kidney injury stage 2 or 3, coronary artery obstruction, major vascular complication and valverelated dysfunction requiring repeat procedure as defined by the Valve Academic Research Consortium-2 (VARC-2). Early efficacy was the composite of all-cause mortality, all-stroke, rehospitalization for valve-related symptoms or congestive heart failure and valve-related dysfunction, as defined by VARC-2. LT: life-threatening; ns: P-value not significant; PCI: percutaneous coronary intervention. a P < 0.05; *: P<0.05. We observed the conversion of the initial anaesthesia method with the regular approach more frequently than with the PCI approach (9.5% vs. 2.9%; OR: 0.28, 95% CI: 0.14 to 0.57; P < 0.001). Among the procedures requiring conversion of the anaesthesia method, all the patients treated with the regular approach were converted from LACS to general anaesthesia (n = 21), whereas all the patients from the PCI approach group were converted to LACS (n = 4).

The patients in the PCI approach group experienced a shorter length of stay after the procedure than those in the regular approach group: 5.0 days (4.0 to 8.0 days) vs. 6.0 days (5.0 to 7.0 days); P = 0.002. Similar outcomes were observed in the propensity score-matched analysis (Table A .5).

Drug management during PCI approach TAVI procedures

In addition to systematic subcutaneous groin anaesthesia with xylocaine, intravenous morphine was the most frequently administered drug (86.4% of the procedures, 121/140). For haemodynamic management, no vasopressor was administered in 70.7% (99/140) of the procedures. When required, ephedrine was used in 20.7% (29/140), boluses of norepinephrine were used in 8.6% (12/140) and a combination of both was used in 8.6% (12/140) of cases. The mean dose of norepinephrine used was 16 ± 21 μg. Midazolam was required in fewer than a third of cases (29%). Volume expansion with a crystalloid was needed in 12.1% (17/140) of the procedures (Appendix A).

Anaesthesia team interventions during PCI approach TAVI procedures

Anaesthesia team involvement was required in six PCI approach TAVI procedures, mainly for assistance in the management of procedural complications associated with haemodynamic instability (4.3% of the procedures) (Table A .6). Notably, none of the procedural complications required conversion to sternotomy, and all vascular access issues were managed surgically or percutaneously under LACS.

Discussion

In less than two decades, TAVI has evolved from being an exceptional and challenging operation to a mini-invasive, simplified and reproducible interventional procedure that is performed routinely and is widespread throughout the world [START_REF] Leon | Transcatheter aortic valve replacement: a breakthrough medical therapy! The 20-year odyssey, and now, a 10-year anniversary[END_REF]. This study reported on the development, implementation and evaluation of a standardized clinical pathway to facilitate the realization of a minimalist TAVI procedure (PCI approach), which is less demanding of anaesthesiologist resources because of complete management by the implanting physician and catheterization laboratory nursing staff, like most other interventional cardiology procedures. The main result of this study drawn from a cohort of 363 patients was that TF-TAVI with the PCI approach achieved the same high-quality standards of clinical safety and efficacy that were achieved with TAVI performed using the regular approach. We observed that the rate of the composite safety endpoint compared favourably with TF-TAVI performed with the regular approach (7.3% vs. 11.3%; OR: 0.63, 95% CI: 0.37 to 1.07; P = 0.086). Moreover, no differences were observed between the two approaches with regard to the efficacy composite endpoint (P = 0.45) or any of the secondary endpoints, including all-cause mortality (P = 0.39). Several studies have compared general anaesthesia with LACS [START_REF] Harjai | Efficiency, safety, and quality of life after transcatheter aortic valve implantation performed with moderate sedation versus general anesthesia[END_REF], [START_REF] Husser | Conscious sedation versus general anesthesia in transcatheter aortic valve replacement: the German Aortic Valve Registry[END_REF], [START_REF] Hyman | Conscious sedation versus general anesthesia for transcatheter aortic valve replacement: insights from the National Cardiovascular Data Registry Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve[END_REF], [START_REF] Thiele | General versus local anesthesia with conscious sedation in transcatheter aortic valve implantation: the randomized SOLVE[END_REF]. LACS has been associated with shorter procedural times, lower rates of in-hospital complications and lower 30-day mortality [START_REF] Husser | Conscious sedation versus general anesthesia in transcatheter aortic valve replacement: the German Aortic Valve Registry[END_REF], and is becoming the gold standard in most centres for TF-TAVI with the procedural support of an anaesthesia team (regular approach) [START_REF] Tchetche | De Biase Local anesthesia-conscious sedation: the contemporary gold standard for transcatheter aortic valve replacement[END_REF]. The feasibility of TF-TAVI without anaesthesiologists in attendance has already been reported [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]; however, evidence regarding its safety and efficacy compared with the procedure performed with anaesthesiologists present in the operating room (regular approach) are scarce [START_REF] Keegan | Nurse led sedation: the clinical and echocardiographic outcomes of the 5-year Emory experience[END_REF]. Before the present study, only one monocentric observational study had reported the outcomes of patients included in a nurse-led administration of drugs programme for mini-invasive TAVI, which were compared with the outcomes of patients ineligible for this programme who therefore had TAVI performed with the attendance of an anaesthesia team [START_REF] Keegan | Nurse led sedation: the clinical and echocardiographic outcomes of the 5-year Emory experience[END_REF]. The authors showed similar procedural safety and efficacy in both groups, and a shorter length of stay in the intensive care unit in the nurse-led group. In contrast to our present study, they observed non-statistically significant, but numerically higher rates of conversion to general anaesthesia, vascular complications and bleeding in the nurse-led group compared with the anaesthesia team-led group.

A cost-saving approach

There is a large disparity in access to anaesthesiology resources across different countries, depending on their healthcare systems. The financial impact of medical care needs to be thoroughly weighted in the current era of multiplication of device therapies in cardiology and increasing healthcare expenditures. TAVI is an expensive treatment, and to continue to provide this procedure to a large number of appropriately selected patients we should remain cognizant of the costs of the care [START_REF] Chevreul | Cost of transcatheter aortic valve implantation and factors associated with higher hospital stay cost in patients of the FRANCE (FRench Aortic National CoreValve and Edwards) registry[END_REF]. This study did not evaluate the total cost of care, but the PCI approach, which is less demanding in terms of anaesthesiology resources and is associated with a shorter length of stay, will probably result in considerable cost savings and better repartition of human resources, without compromising patient care [START_REF] Chevreul | Cost of transcatheter aortic valve implantation and factors associated with higher hospital stay cost in patients of the FRANCE (FRench Aortic National CoreValve and Edwards) registry[END_REF], [START_REF] Durand | Evaluation of length of stay after transfemoral transcatheter aortic valve implantation with SAPIEN 3 prosthesis: a French multicentre prospective observational trial[END_REF].

Local anaesthesia alone or with concomitant conscious sedation

Although it was not the purpose of our study, the two approaches (PCI and regular) were observed to be very different regarding the type of local anaesthesia, as all the patients in the regular approach group received LACS versus only 29% of patients with PCI approach (and exclusively with midazolam). Notably, we observed a shorter duration of stay with the PCI approach, which could be an additional benefit of local anaesthesia, related to faster mobilization and less delirium, as suggested by other studies [START_REF] Keegan | Nurse led sedation: the clinical and echocardiographic outcomes of the 5-year Emory experience[END_REF], [START_REF] Sathananthan | Impact of local anesthesia only versus procedural sedation using the Vancouver Clinical Pathway for TAVR: insights from the 3M TAVR Study[END_REF], [START_REF] Wiegerinck | Towards minimally invasiveness: transcatheter aortic valve implantation under local analgesia exclusively[END_REF].

Implementation of the PCI approach in routine mini-invasive TAVI programmes

We observed that 75% of the TF-TAVI patients screened in this programme were eligible for the PCI approach. Notably, the main reason for ineligibility for the PCI approach was related to the early experience of the operator with a new valve or device, and the second was musculoskeletal disorders causing an inability to lie supine, so that the anaesthesia team was required to manage perprocedural analgesia and sedation. As at least 90% of current TAVI procedures are TF-TAVI, the PCI approach appears to be applicable in the vast majority of patients. A recent descriptive study in an Italian centre corroborated our results, showing that 95% of TF-TAVI procedures were feasible with a similar PCI approach [START_REF] Saia | Routine minimalist transcatheter aortic valve implantation with local anesthesia only[END_REF]. However, the positive outcomes that we observed with the PCI approach resulted from a strong partnership between well-trained catheterization laboratory staff and the anaesthesia team. The patients were first selected based on eligibility criteria after clinical evaluation by both an anaesthesiologist and a TAVI implanting physician. The standardized protocol for the utilization of vasoactive drugs was set up, and the nursing staff was exclusively composed of personnel who were trained and experienced in interventional cardiology procedures. Hence, the PCI approach is not solely the absence of an anaesthesia team during procedure, but a pathway of care from preprocedural screening to the procedures performed by a trained team. However, given the diversity of TAVI stakeholders, who are not always familiar with a minimalist environment and the management of emergency drugs, dedicated training is recommended before the adoption of the PCI approach. Experienced catheterization laboratory nursing staff trained in cardiac catheterization/intervention procedures seem the most capable team for the PCI approach, and we acknowledge that these conditions might not be present in all TAVI centres.

Study limitations

One of the primary limitations of this study is its retrospective nature and the non-randomized design of the comparison between the two approaches (PCI versus regular). The patients screened for the PCI approach were those referred to the subgroup of physicians investigating this approach (two out of six operators), which could expose to operator bias. In an attempt to overcome these issues, a careful propensity score adjustment with IPTW comparison was used to control the other potential differences among the 16 key variables between the two groups.

Such methodology is considered as the highest standard of quality for non-randomized studies, and has been used in several publications [START_REF] Van Belle | Balloon-expandable versus self-expanding transcatheter aortic valve replacement: a propensity-matched comparison from the FRANCE-TAVI Registry[END_REF]. However, we caution that we cannot rule out the potential for confounding by measured or unmeasured variables, even after propensity score matching or weighting. Given the relatively small sample size of the study (n = 363), we could not exclude that some minor differences between the two groups may have been overlooked as a result of the lack of adequate statistical power. In a posterior power calculation, we calculated the smallest significant between-group difference (expressed as the effect size using OR) that our study sample size allowed us to detect with 80% power, assuming an incidence of outcome of 10% in the control group (i.e. the regular approach). Under these assumptions, we could detect an OR > 2.36 (or < 0.23 in cases negative difference) in the IPTW propensity score cohort and an OR of > 2.79 (or < 0.14 in cases of negative difference) in the propensity scorematched cohort. It is also reassuring to observe that the results were consistent for each individual endpoint. Finally, we did not evaluate the periprocedural pain of the patient, and therefore were unable to highlight the potential differences in the comfort of the patient according to the procedural approach. We did not collect procedural haemodynamic variables or rates of utilization of vasoactive drugs in the regular group, which precludes any comparison of these variables.

Conclusions

This study suggests that TF-TAVI for selected patients can be entirely managed by the implanting physician and catheterization laboratory nurses (PCI approach), like any other interventional procedure, without any difference in safety and efficacy compared with TF-TAVI performed with the systematic attendance of an anaesthesia team (regular approach). Although further larger studies are needed to confirm these results, the PCI approach appears to be a safe and efficient clinical pathway, providing comprehensive, appropriate and rational utilization of anaesthesiology resources. These results advocate the transition to a PCI approach for the majority of TF-TAVI procedures.
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 1 Figure 1. Study flow chart. IPTW: inverse probability treatment weighting; PCI: percutaneous coronary intervention; TF-TAVI: transfemoral transcatheter aortic valve replacement; VARC-2: Valve Academic Research Consortium-2.

  native aortic stenosis considered after heart team evaluation as candidate for Percutaneous transfemoral access route as assessed by CT scan Local anaesthesia a All types of prosthetic valves (balloon-expandable, self-expandable, others) vascular access (e.g. high-risk of conversion to surgical cutdown or highly calcified vessels exposing to painful passage of delivery sheath) High-risk anatomical features (e.g., risk of coronary occlusion) Technical considerations Early experience procedure (e.g. new THV) Need for perprocedural TOE (e.g. annulus sizing if no CT scan) Patient considerations Inability to lie supine, related to musculoskeletal or neurological disorders Patient is unable to communicate, cooperate and follow simple instructions BMI > 40 kg/m 2 or unretractable pannus Pulmonary disease, at high-risk of respiratory depression during procedure Mental disorder, at risk of psychomotor agitation Patient preference BMI: body mass index; CT: computed tomography; PCI: percutaneous coronary intervention; TOE: transoesophageal echocardiography; THV: transcatheter heart valve. a

Figure 2 .

 2 Figure 2. A. Set up of operating room for regular approach transcatheter aortic valve replacement (TAVI) procedures. B. Set up of operating room for percutaneous coronary intervention (PCI) approach TAVI procedures.No TOE guidance was used, and the insertion of unnecessary catheters was minimal (left ventricle wire rapid pacing, no central lines, urinary catheters or arterial cannulas). TAVI procedure with the PCI approach The PCI approach procedures were performed by two cardiologists (or one cardiologist and one cardiothoracic surgeon) and a catheterization laboratory team composed of two nurses and one radiology technician without the attendance of the other personnel. The procedure took

Hospital

  LOS after TAVI (days)6.0 (5.0 to 7.0) 5.0 (4.0 to 8.0) -0.17 e (-0.28 to -0.07) 0.002 Data are expressed as number (%), mean ± standard deviation or median (interquartile range). AKI: acute kidney injury stage as defined by VARC-2; AR: aortic regurgitation; CI: confidence interval; IPTW: inverse probability treatment weighting; LT: life-threatening bleeding; LOS: length of stay; OR: odds ratio; PCI: percutaneous coronary intervention; TAVI: transcatheter aortic valve replacement; VARC-2: Valve Academic Research Consortium; VC: vascular complication. a OR indicates odds ratio except for continuous variables where the mean difference between the two groups is reported. b VARC-2-defined early safety: composite of all-cause mortality, all-stroke, lifethreatening bleeding, acute kidney injury stage ≥ 2, coronary artery obstruction, major vascular complication and valve reintervention.c VARC-2-defined early efficacy: composite of all-cause mortality, all-stroke, rehospitalization for valve-related symptoms or congestive heart failure and valve-related dysfunction.d 87 missing values (23 patients in the PCI approach group). e After logarithm + 1 transformation.

Figure

  Figure 4.Outcomes of inverse probability of treatment weighting analysis. Early safety was the composite endpoint at 30 days of all-cause mortality, all-stroke, life-threatening bleeding, acute kidney injury stage 2 or 3, coronary artery obstruction, major vascular complication and valverelated dysfunction requiring repeat procedure as defined by the Valve Academic Research Consortium-2 (VARC-2). Early efficacy was the composite of all-cause mortality, all-stroke, rehospitalization for valve-related symptoms or congestive heart failure and valve-related dysfunction, as defined by VARC-2. LT: life-threatening; ns: P-value not significant; PCI: percutaneous coronary intervention. a P < 0.05; *: P<0.05. We observed the conversion of the initial anaesthesia method with the regular approach more frequently than with the PCI approach (9.5% vs. 2.9%; OR: 0.28, 95% CI: 0.14 to 0.57; P < 0.001). Among the procedures requiring conversion of the anaesthesia method, all the patients treated with the regular approach were converted from LACS to general anaesthesia (n = 21), whereas all the patients from the PCI approach group were converted to LACS (n = 4).

  

Table 2 .

 2 Baseline clinical, echocardiographic and procedural characteristics before inverse probability treatment weighting adjustment. Data are expressed as mean ± standard deviation, number (%) or median (interquartile range). AF: atrial fibrillation; ASA: American Society of Anesthesiologists; ASD: absolute standardized difference; BMI: body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; PAD: peripheral artery disease; PCI: percutaneous coronary intervention; RV: right ventricular; SE: self-expandable; SFAR: sheath to femoral artery ratio; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality; TIA: transient ischaemic area. a One missing value in the Regular approach group. b Defined as glomerular filtration rate < 60 mL/min/1.73 m 2 of body surface area using the Cockcroft-Gault formula. c Defined with the criteria used in EuroSCORE as severe impairment of mobility secondary to musculoskeletal or neurological dysfunction. d 60 missing values (39 patients in the PCI approach group). e One missing value in the Regular approach group.

	Empty Cell	Regular approach (n = 221)	PCI (n = 137)	approach	ASD (%)
	Clinical characteristics				
	Age (years)	81.6 ± 7.4	82.3 ± 6.5		9.7
	Female sex	114 (51.6)	85 (62.0)		21.2
	BMI (kg/m 2 )	27.4 ± 5.8	26.6 ± 4.3		15.0
	NYHA class				11.9
	I or II	117 (53.0)	76 (55.5)		
	III	94 (42.5)	59 (43.1)		
	IV	10 (4.5)	2 (1.4)		
	STS-PROM score (%)	3.8 (3.2 to 5.2)	4.7 (3.4 to 6.0)	24.9
	Clopidogrel	46 (20.8)	34 (24.8)		9.6
	Anticoagulant	76 (34.4)	58 (42.3)		16.4
	ASA score				10.0
	1 or 2	4 (1.8)	4 (2.9)		
	3	201 (91.0)	121 (88.3)		
	4	16 (7.2)	12 (8.8)		
	Bicuspid aortic stenosis a	5 (2.3)	9 (6.6)		21.0
	Co-morbidities				

  . Outcomes at 30 days according to PCI or regular approach: inverse probability treatment weighting-adjusted analysis.

	Empty Cell		Regular approach (n = 221)	PCI approach (n = 137)	IPTW-adjusted OR a (95% CI)	P
	Early safety b		25 (11.3)	10 (7.3)	0.63 (0.37 to 1.07)	0.086
	Early efficacy c		14 (6.3)	6 (4.4)	0.78 (0.41 to 1.49)	0.45
	All-cause mortality	7 (3.2)	2 (1.5)	0.67 (0.27 to 1.66)	0.39
	All-stroke		5 (2.3)	3 (2.2)	0.86 (0.29 to 2.57)	0.79
	LT or major bleeding	13 (5.9)	6 (4.4)	0.84 (0.41 to 1.70)	0.62
	LT bleeding		8 (3.6)	3 (2.2)	0.73 (0.29 to 1.88)	0.52
	Minor bleeding		17 (7.7)	13 (9.5)	1.13 (0.64 to 1.97)	0.67
	Major VC		14 (6.3)	5 (3.6)	0.65 (0.31 to 1.33)	0.24
	Major VC related to access 12 (5.4)	3 (2.2)	0.41 (0.17 to 1.01)	0.054
	Minor VC		21 (9.5)	13 (9.5)	0.76 (0.45 to 1.30)	0.32
	Surgical repair of access site	13 (5.9)	3 (2.2)	0.86 (0.29 to 2.57)	0.79
	AKI > stage 0		20 (9.0)	14 (10.2)	1.05 (0.65 to 1.72)	0.83
	Coronary obstruction	0 (0)	0 (0)	-	-
	Valve dysfunction	3 (1.4)	1 (0.7)	-	-
	New implantation	pacemaker	24 (10.9)	18 (13.1)	1.24 (0.78 to 1.96)	0.36
	AR ≥ moderate		9 (4.1)	8 (5.8)	1.11 (0.55 to 2.22)	0.78
	Device success		189 (85.5)	129 (94.2)	1.53 (0.95 to 2.45)	0.079
	Conversion of anaesthesia method	21 (9.5)	4 (2.9)	0.28 (0.14 to 0.57)	< 0.001
	Call for anaesthesia team support	-	6 (4.4)	-	-
	Fluoroscopic (seconds) d	time	836.3 ± 420.3	929.1 ± 423.7 97.30 (8.29 to 202.9)	0.071
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