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Abstract

Background

While autogenous venous graft is preferable in below the knee bypass surgery for patients in critical limb ischemia, some 20% of patients will have no suitable vein for grafting, compelling a resort to artificial graft materials. Retrospective sub-group analyses within published studies comparing heparin-bonded PTFE with crude PFTE graft in below the knee bypass suggest that heparin-bonded graft offers superior long-term patency rates, but this has not been prospectively verified in patients with critical limb ischemia.

Research question

Is heparin-bonded PTFE graft superior to crude PTFE graft in below the knee bypass surgery for critical limb ischemia? Setting Twenty vascular surgery departments in university hospitals in France.

Methods

Single blind randomised controlled trial with economic analysis. Patients assessed as having no suitable autologous vein for bypass grafting in critical lower limb ischemia will be randomized to receive either a heparin-bonded PTFE graft or a crude PTFE graft. A literature review suggested expected 1-year patency rates of 53% for the crude ePTFE arm and 74% for the heparin-bonded PTFE arm. Analyzing 1-year patency rate as a binary variable, for a significance level α=0.05, and a randomization ratio of 1:1, a total of 176 patients (88 in each arm) will be required to obtain mortality, 228 patients will be randomized (114 patients in each arm).

Analysis

The primary outcome variable will be patency at one year assessed by duplex ultrasound color-flow scan. Any intervention to open up or prevent a graft occlusion before one year will be classified as loss of patency. Technical success, deaths, complications, major adverse cardiovascular and limb events, length of hospitalization, and quality of life will also be recorded and analyzed as secondary outcome variables. Cost-utility and cost-effectiveness analyses based on standard tariffs in the French health insurance system will be performed.

Inroduction

The prognosis for patients with newly diagnosed critical limb ischemia (CLI) is dismal: at one year 20% will have died, and another 30% will have an amputated limb [START_REF] Norgren | Inter-Society Consensus for the Management of Peripheral Arterial Disease (TASC II)[END_REF]. While optimization of medical therapy is important, revascularization procedures are generally indicated [START_REF] Aboyans | ESC Guidelines on the diagnosis and treatment of peripheral artery diseases, in collaboration with the European Society for Vascular Surgery (ESVS)[END_REF]. Endovascular repair or a bypass procedure are similarly effective at avoiding amputation of the affected limb within two years of the procedure, though bypass surgery was associated with higher early morbidity and hospital costs [START_REF] Bradbury | Bypass versus angioplasty in severe ischaemia of the leg (BASIL): multicentre, randomised controlled trial[END_REF].

Once an open surgical approach has been elected, a bypass procedure with autologous vein graft is clearly superior to PTFE graft (4), but a good quality vein of sufficient length and diameter for grafting is unavailable in about 20% of cases [START_REF] Chew | Bypass in the absence of ipsilateral greater saphenous vein: safety and superiority of the contralateral greater saphenous vein[END_REF]. The presence or absence of a good quality vein has been shown to be one of the main factors influencing the outcome of open, below-knee, popliteal artery revascularization [START_REF] Conte | Critical appraisal of surgical revascularization for critical limb ischemia[END_REF][START_REF] Pereira | Meta-analysis of femoropopliteal bypass grafts for lower extremity arterial insufficiency[END_REF][START_REF] Schanzer | Technical factors affecting autogenous vein graft failure: observations from a large multicenter trial[END_REF]. When an autologous vein graft is not available, a synthetic graft, or xenografted or allografted vein may all be considered, but loss of graft patency remains a significant problem [START_REF] Kinlay | Management of Critical Limb Ischemia[END_REF]. Binding heparin to the luminal surface of the PTFE graft material could reduce primary graft failure in femoro-popliteal bypass procedures, and appears to offer particular benefit in patients with CLI [START_REF] Lumsden | Primary Patency Between the FBH-CVG, Co-investigators ESeT. Randomized controlled trial comparing the safety and efficacy between the FUSION BIOLINE heparin-coated vascular graft and the standard expanded polytetrafluoroethylene graft for femoropopliteal bypass[END_REF][START_REF] Daenens | Heparin-bonded ePTFE grafts compared with vein grafts in femoropopliteal and femorocrural bypasses: 1-and 2year results[END_REF][START_REF] Lindholt | The Scandinavian Propaten (R) trial -1-year patency of PTFE vascular prostheses with heparinbonded luminal surfaces compared to ordinary pure PTFE vascular prostheses -a randomised clinical controlled multi-centre trial[END_REF][START_REF] Lindholt | Fiveyear outcomes following a randomized trial of femorofemoral and femoropopliteal bypass grafting with heparin-bonded or standard polytetrafluoroethylene grafts[END_REF]. However, most of these studies primarily recruited patients with claudication. A retrospective analysis of the subgroup of Lindholt patients with CLI showed that femoropopliteal bypass with heparin-bound PTFE graft offered significantly superior 1-year patency rates: 35 of 44 (80%) heparin-bound PTFE grafts were patent at 1 year, compared with 23 of 40 (58%) crude PTFE grafts (OR 0.348; 95% CI: 0.133; 0.912, p=0.032) [START_REF] Lindholt | The Scandinavian Propaten (R) trial -1-year patency of PTFE vascular prostheses with heparinbonded luminal surfaces compared to ordinary pure PTFE vascular prostheses -a randomised clinical controlled multi-centre trial[END_REF]. In addition, patients receiving heparin-bonded PTFE graft for CLI were more likely to have a patent graft at five years than those with crude PTFE grafts [START_REF] Lindholt | Fiveyear outcomes following a randomized trial of femorofemoral and femoropopliteal bypass grafting with heparin-bonded or standard polytetrafluoroethylene grafts[END_REF]. In order to address these shortcomings in the existing evidence, the REPLACE trial will prospectively recruit patients with CLI for whom no autologous vein graft is available for randomization to grafting with either crude PTFE or heparin-bound PTFE.

Methods

The study hypothesis is that heparin-bound PTFE graft will be superior to crude PTFE graft in the treatment of CLI by below-knee bypass grafting in cases where no suitable venous conduit is available. Twenty vascular surgery departments in university hospitals in France will recruit patients to the study. The study protocol was approved by the national ethics committee CPP IDF III on 12 May 2017, and will be conducted in accordance with the Declaration of Helsinki, the EU Medical Device Directive (94/42/EEC) and the relevant French regulations [START_REF] Has | Haute Autorité de Santé: Élaboration de recommandations de bonne pratique Méthode[END_REF]. The study flow chart is given in figure 1.

Patients

Study recruitment opened on February 13, 2018 and is planned to continue for three years. It is planned to recruit 228 patients with CLI (Rutherford categories 4-6) for whom below-knee grafting is indicated but have no suitable autologous vein for grafting. See table 1 for a full list of inclusion and exclusion criteria.

Study devices

The crude PTFE grafts (Gore-Tex ® Stretch Vascular Graft, WL Gore, Flagstaff, AZ, USA) and heparin-bonded PFTE grafts (Gore ® Propaten ® Vascular Graft, WL Gore, Flagstaff, AZ, USA) under comparison will be supplied by the manufacturer. The luminal surface of the Propaten ® graft is bonded with fractionated active heparin of porcine origin. The CARMEDA® BioActive Surface serves to anchor heparin molecules to the luminal surface while still maintaining heparin's intrinsic bioactive properties., with the attendant risks of allergy and heparin-induced thrombocytopenia.

Either type of graft is supplied with an additional exterior thin film incorporating removable rings.

The graft is cut to length, and the proximal anastomosis fashioned, before being passed through a tissue tunnel, stretched to moderate tension with the aid of orientation markers incorporated in the device, and the distal anastomosis performed. The use of any adjuvant technique such as a vein collar is left at the discretion of the operating surgeon. All centers involved in the study routinely perform below-knee prosthetic arterial grafting and no additional surgical training will be necessary for their participation.

Study objectives and end points

The primary study end point is graft patency at one year. Primary patency will be defined as a demonstrably patent graft on duplex ultrasound color-flow scan in which no intervention to re-open up or prevent graft occlusion has been performed. Any intervention performed for disease distal to the graft will not be considered a loss of primary patency. Dilations or minor revisions performed for stenoses or other structural defects in the bypass graft before occlusion will also not be considered to have resulted in loss of primary patency, if they are intended to prevent eventual graft failure [START_REF] Rutherford | Recommended standards for reports dealing with lower extremity ischemia: revised version[END_REF].

The study will also compare clinical, technical and economic outcomes in both treatment groups. Secondary end-points analyzed will include technical success, defined as a patent bypass with <30% stenosis of the proximal and the distal anastomoses on intraoperative arteriography; the rate of general (death from any cause, major adverse cardiovascular events) or local (major adverse limb event, hematoma, active bleeding, local infection, thrombosis, delayed wound healing, and false aneurysm) perioperative complications requiring prolonged hospitalization and/or reintervention; lymphorrhea of more than three days' duration and post-operative paresthesia requiring drugs. Secondary endpoints will also include primary sustained clinical improvement defined as a wound healing and resolution of rest pain during follow-up, without any intervention to open up or prevent a graft occlusion; and secondary sustained clinical improvement defined as wound health, resolution of rest pain, and limb salvage, though a reintervention to open up or prevent a graft occlusion may have been necessary. A major adverse limb event (MALE) is defined as above-ankle amputation of the index limb or major reintervention such as a new bypass graft or revision, or thrombectomy/thrombolysis. The ankle brachial index and quality of life (assessed with the EQ-5D-3L questionnaire (16)) will be serially measured during follow-up. An economic analysis will determine the cumulative costs associated with the primary bypass procedure and all directly related follow-up, including follow-up exams and duplex imaging, adjunctive endovascular and open surgical procedures at the target lesion, and the costs of amputation on the target limb (including rehabilitation costs following amputation).

Sample size calculation

We reviewed the literature to find all publications reporting primary patency at 1 year for belowknee bypasses using both Propaten ® and crude PTFE in at least 50 limbs published between 2004 and 2015 [START_REF] Vergnaud | Budget impact analysis of heparin-bonded polytetrafluoroethylene grafts (Propaten) against standard polytetrafluoroethylene grafts for below-the-knee bypass in patients with critical limb ischaemia in France[END_REF]. This suggested expected 1-year patency rates of 53% for the crude ePTFE arm and 74% for the Propaten ® arm. Analyzing 1-year patency rate as a binary variable, for a significance level α=0.05, and a randomization ratio of 1:1, a total of 176 patients (88 in each arm) will be required to obtain approximately 80% power to reject the null hypothesis. Assuming 10% dropout at 1 year and 20% mortality (1) 228 patients will be randomized (114 patients in each arm).

Statistical considerations

Significance level will be set at 5%. Categorical variables will be compared between the two study arms by Pearson's Chi-squared or Fisher's exact test to ensure adequate randomization. The Mann-Whitney-U test or t-test will be performed to test for statistical differences in continuous parameters between the two study arms. Continuous data will be presented as means (± standard deviation) or medians (interquartile range, IQR) based on their distribution. Categorical variables will be presented as counts (proportions).

Primary patency at 1 year will be analyzed as a binary variable. We will use logistic regression analysis to compare primary patency at 1 year between the two groups, adjusting on stratification criteria based on center, prior below the knee ipsilateral bypass and distal target arteries. Adjusted odds ratios with 95% confidence intervals will be presented. The same method will be used for secondary patency.

Technical success and each complication or event will be analyzed as binary variables using Pearson's Chi-squared test or Fisher's exact test to compare the two groups. Primary and secondary sustained clinical improvement, death, MALE-free survival rate, and target vessel revascularization will be analyzed as time to event variables. Survival curves will be constructed using Kaplan-Meier estimates, and log rank test results will be displayed. For patients who died before the final followup examination or for patients lost to follow-up, the status of the last follow-up examination will be recorded. Mixed models will be used to analyze the evolution of ankle brachial index (ABI) from 1 to 24 months. The primary endpoint analysis will be performed as a modified intention-to-treat analysis, excluding patients with major exclusion criteria. A sensitivity analysis will be performed alongside the per-protocol analysis which includes only patients who have completed the study without any protocol violations.

Handling of missing, unused or invalid data

For patients who died before the final follow-up examination or for patients lost to follow-up, the status of the last follow-up examination will be recorded. All analyses will be based on available data with missing data excluded. Any spurious data will be noted as appropriate in the final report.

If patients in any treatment arm are excluded from the primary analysis because of missing data, sensitivity analysis will be performed using methods such as tipping point analysis.

The modified intention to treat population will include all randomized patients, including early failures, but excluding those who, after randomization, did not undergo the planned bypass. Patients will be analyzed in the treatment group to which they were randomized.

The per treatment evaluable (PTE) population consists of patients who have received their assigned treatment at the target lesion(s). The PTE population will exclude patients with major protocol deviations. Analysis based on the PTE population will be performed as a sensitivity (robustness) analysis. Study patients will have the right to withdraw from the study at any time and for any reason.

Patient data gathered prior to the withdrawal of consent will be included in the analysis, and where permitted, available data may be included should consent be withdrawn. Once randomized, patients who withdraw will not be replaced.

A statistical analysis plan will be drafted before freezing the database and will detail any changes in the statistical section of the protocol.

Study procedures

The diagnosis of CLI includes one of the following: more than two weeks of recurrent rest pain that requires regular use of analgesics and is associated with ABI <0.40 in non-diabetics, ankle pressure <50 mmHg, toe pressure <30 mmHg, TcPO2 <30 mmHg, with or without tissue loss (ulcers, gangrene) or infection [START_REF] Aboyans | ESC Guidelines on the diagnosis and treatment of peripheral artery diseases, in collaboration with the European Society for Vascular Surgery (ESVS)[END_REF] .

All patients presenting with CLI in a participating center will be screened for participation by a research team member familiar with the study protocol.

Patient workup will occur in accordance with the standard hospital care for below the knee bypass in each participating center. The baseline assessments described below must be performed between 60 days and one day prior to study procedure, unless indicated otherwise.

Patient history

The patient's full medical history will be documented. The following risk factors and comorbidities will be actively sought: age, height, weight, body mass index (BMI), gender, hypertension, hyperlipidemia, diabetes mellitus, smoking, ischemic heart disease (history of myocardial infarction, angina pectoris, previous percutaneous or surgical coronary revascularization), history of peripheral vascular disease (previous percutaneous or surgical revascularization), renal function, cerebrovascular disease (known carotid artery disease, history of minor or major stroke or transient ischemic attack). Medication history should be documented before, at the perioperative period and during the follow up. This history should include anticoagulants (warfarin, unfractionated or low molecular weight heparins, etc.), antithrombotic agents (acetylic salicylic acid, thienopyridines, glycoprotein IIb/IIIa inhibitors, direct thrombin inhibitors, etc), statins or other lipid lowering agents and angiotensin converting enzyme inhibitors. . An ABI measurement will be obtained for the target limb. In cases where the ABI is above 1.3 or cannot be reliably measured, toe pressure measurement and determination of the toe brachial index (TBI) will be used.

Baseline morphologic data

The anatomy of the entire ipsilateral arterial vasculature should be obtained from the preoperative angiography, CT scan or MRI. The presence of multilevel disease by anatomic level or arterial segment, inflow and outflow, specific location of the lesion, lesion length, stenosis or occlusion will be documented in the eCRF.

Treatment strategy and randomization procedures

Aspirin or clopidogrel will be started at least 24 hours before the intervention or a loading dose of 300 mg given orally at the outset of the procedure. If aspirin or clopidogrel are contraindicated, ticlopidine will be an acceptable substitute.

At the beginning of the study a batch of Propaten ® graft will be provided to each center by WL Gore, replenished as necessary after each randomization. Operating procedures for Propaten ® and crude PFTE are similar. The proper graft size will be determined during the procedure but prior to randomization. General anaesthesia is recommended unless loco-regional anaesthesia is required.

Randomization (using the web-based Ennov Clinical system) will be performed after the operating surgeon has confirmed the presence of an acceptable recipient artery. Proximal and distal anastomosis sites (common femoral artery, deep femoral artery, superficial femoral artery, infrapopliteal artery, tibio-peroneal trunk, anterior tibial, posterior tibial or peroneal artery), type of incision (internal, external, longitudinal, transversal), type of anastomosis (end to end, side to end, end to side), location of the prosthetic tunnel (anatomic or extra-anatomic), and choice of graft diameter will be left to the discretion of the surgeon, as will the use of any adjuvant technique (such as a vein collar).

Each associated inflow or outflow lesion considered involved in the disease will be treated during the same procedure by open or endovascular repair. Treatment of inflow and/or outflow lesions with drug-eluting devices is not allowed. The use of adjuvant medication to prevent graft thrombosis will be left to the discretion of the operating surgeon, but will be precisely documented.

Intra-operative data will be recorded on the eCRF.

At the end of the procedure, on-table angiography will be performed to assess graft function and run off, using at least two different views angulated by at least 45°, with the patient in a prone position.

Anti-coagulation medication

During the procedure, patients will receive appropriate anticoagulation and other therapy according to standard hospital practice. Either unfractionated heparin or bivalirudin may be used for procedural anticoagulation. The use of glycoprotein IIb/IIIa inhibitors will be left to the discretion of the local surgical team, as will the choice of general anaesthetic agents, and the management of any intra-operative events such as hypertension, arrhythmia or hemodynamic changes.

Follow-up

All patients will be followed for two years post-operatively. Clinic visits at four weeks, and six, twelve, and twenty-four months will document quality of life, adverse events, current medication, the ABI/TBI, and a duplex scan will be performed. In addition, telephone follow-up appointments at three, nine, fifteen and eighteen months will gather information on adverse events and quality of life using the EQ-5D-3L questionnaire.

Randomization, blinding, and treatment allocation

Eligible patients will be randomized intra-operatively using a web-based system after the surgeon has confirmed the site for the distal anastomosis. The Gore ePTFE and Propaten ® materials are similar in appearance, but distinguishable by an experienced operator, who will also review the patient during follow-up. The duplex scans will be assessed by a physician blind to the material used. Gore ® ePFTE and Propaten ® are indistinguishable on ultrasound scanning.

Study oversight

The REPLACE study was initiated by Yann Gouëffic on behalf of the Association Universitaire de Recherche en Chirurgie Vasculaire. The study sponsor is Nantes University Hospital, which retains overall responsibility for the conduct of the trial and the publication of the results.

An advisory scientific committee will be selected to oversee the conduct of the study throughout its duration. Its members will be well-versed in clinical trial methodology, and not otherwise involved in the study. It will review the trial data, and be consulted in the event of specific analytical or safety problems.

An advisory imaging committee not otherwise involved in the study will review the duplex scans.

Data collection

All data necessary for statistical analysis will be gathered by means of a specifically-designed electronic case report form (eCRF) for each patient (Ennov Clinical, Ennov Group Paris). A clearly designated person will be responsible for its completion in each centre. Clinical data collection shall be based on input templates similar to the eCRF. An independent clinical research associate (CRA) from the Research Division Promotion Department will visit each center regularly to conduct quality control on the data reported in the case report forms.

Reconciliation between the trial eCRF and other clinical record systems will be performed prior to database locking and subsequent statistical analysis. An annual reconciliation will also be performed each time the study's Annual Safety Report (ASR) is updated.

Data protection

Patients will only be identified in the eCRF by a code composed of their initials, an assigned number, and the center number. This code will be the only information featuring in the eCRF that procedures will be calculated by using an area under the curve analysis, with linear interpolation of utility scores between baseline and 24-month assessments [START_REF] Manca | Estimating mean QALYs in trial-based costeffectiveness analysis: the importance of controlling for baseline utility[END_REF].

Outcome measurement in the cost-effectiveness analysis

The measure of outcome for CEA will be the number of life years gained (LYG) at 2 years.

Since costs typically follow a skewed distribution, costs and the incremental cost-effectiveness ratio (ICER) of each intervention will be analyzed via a non-parametric bootstrap approach to produce estimated confidence intervals at 95%. The incremental cost-effectiveness ratio (ICER) describes the extra cost per additional unit of patient outcome. ICERs will be calculated for both health outcomes (QALYs) and in-stent restenosis, and compared to the costs of the Propaten ® and crude ePTFE grafts expressed in monetary units (€).
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enables a retrospective link with the patient's identity. Each patient's medical data shall only be provided to the sponsor or any person duly authorized by the sponsor, and, where applicable, to authorized health authorities, in strict confidence.

The sponsor and the supervisory authorities may request direct access to medical records for the purposes of verification of the procedures and/or data in respect of the clinical trial, within the limits authorized by the legislation and regulations.

The data compiled during the trial will be processed in compliance with all requirements of the French data protection authority, the Commission nationale de l'informatique et des libertés (CNIL).

All trial data will be archived for at least 15 years after the end of the study.

Economic evaluation

The economic evaluation comparing Propaten ® and crude ePTFE will be based on a cost-utility analysis (CUA) and a cost-effectiveness analysis (CEA), following the French guidance for economic evaluations [START_REF] Has | Haute Authorité de Santé: Choices in methods for economic evaluation[END_REF]. The analysis will be conducted from the third-party payer perspective (French health care insurance system) taking into account only direct hospital costs. The time horizon of the analysis will be two years. Costs and measures will be discounted at a rate of 4%.

Collection of resources consumed

Resources consumed by each procedure will be recorded using the PMSI (the French medical information system program) for a period of two years after initial surgery. The costs of the length of hospitalization due to the intervention, any possible complications, follow-up, rehabilitation, drug quantities, and imaging procedures will be obtained from the diagnosis-related group (DRG)based system used in France. Unit costs will be determined by conventional tariffs from the French health care insurance system.

Outcome measurement in the cost-utility analysis

The outcomes for the CUA will be evaluated in terms of quality adjusted life years (QALYs) computed from the EQ-5D-3L questionnaire data [START_REF] Group | EuroQol-a new facility for the measurement of health-related quality of life[END_REF]. The difference in QALYs between the two 
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