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INTRODUCTION

Custom made fenestrated stent grafts have become the most commonly used alternative to open repair for pararenal and thoraco-abdominal aortic pathologies. As recommended by the European Society for Vascular Surgery (ESVS) clinical practice guidelines, in juxtarenal and thoraco-abdominal aneurysms, when the endovascular treatment is chosen, fenestrated/branched stent grafts should be the preferred option. [START_REF] Riambau | Editor's Choice -Management of descending thoracic aorta diseases: clinical practice guidelines of the European Society for Vascular Surgery (ESVS)[END_REF][START_REF] Wanhainen | Editor's Choice -European Society for Vascular Surgery (ESVS) 2019 clinical practice guidelines on the management of abdominal aorto-iliac artery aneurysms[END_REF] A recent meta-analysis suggested they are associated with reduced postoperative complications rates versus open repair. [START_REF] Jones | Meta-analysis of fenestrated endovascular aneurysm repair versus open surgical repair of juxtarenal abdominal aortic aneurysms over the last 10 years[END_REF] However, long term results are not well known. Manufacturing delays (6 -12 weeks) remains another issue, precluding their use in emergent situations. Off the shelf devices have been developed to overcome this limitation; however, they are still not widely available. Their use is also limited by anatomical criteria. [START_REF] Farber | Branch Feasibility Study Investigators. Results from a prospective multicenter feasibility study of Zenith p-Branch stent graft[END_REF] Other "off label" alternatives include physician modified stent grafts with handmade fenestrations (PMSGs), [START_REF] Cochennec | Early Results of physician modified fenestrated stent grafts for the treatment of thoraco-abdominal aortic aneurysms[END_REF][START_REF] Oderich | Modified fenestrated stent grafts: device design, modifications, implantation, and current applications[END_REF] parallel techniques, [START_REF] Touma | Multicentre experience with the chimney technique for abdominal aortic aneurysms in French university hospitals[END_REF] and in situ fenestrations. [START_REF] Jayet | Laser uses in noncoronary arterial disease[END_REF][START_REF] Houérou | In situ antegrade laser fenestrations during endovascular aortic repair[END_REF] A reasonable amount of data show that PMSGs performed in expert centres can exclude complex aortic aneurysms while providing acceptable mortality and morbidity rates, even in emergent scenarios. [START_REF] Georgiadis | Systematic Review of off-the-shelf or physician-modified fenestrated and branched endografts[END_REF][START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF] However, long term results remain unknown and technical steps to create fenestrations lack standardisation. The type of stent graft used, sizing steps, and fenestration reinforcement structures vary from centre to centre. This comprehensive review aims to report technical details (fenestration reinforcement, cutting technique, stent graft selected, bridging stent use) of PMSG creation associated with their clinical results (mortality, branch patency, type 1 and 3 endoleaks, and complications) for the treatment of patients with complex aortic pathologies, at different aortic segments.

MATERIALS AND METHODS

Search strategy

A comprehensive review of all studies reporting on PMSGs published over the last 20 years was carried out. Studies were identified through a computerised search of MEDLINE by interrogating PubMed. A manual assessment of all retrieved studies references lists was also performed. The scope was limited to the English literature. Owing to difficulty in accessing information, grey literature was not assessed. The last search was run on 20 Aprili 2020.

The search terms were "physician-modified" or "surgeon-modified" or "home-made" or "back-table" and "fenestrated", and "aorta aneurysm".

Case reports and case series with fewer than three patients were not eligible, nor were reviews, commentaries, and experimental studies.

Study selection

The identified studies were reviewed by two physicians (J.J. and J.C.). Possible disagreements were resolved by discussion between the two. Studies were eligible when they met the following criteria: PMSG used in patients of any age and sex with an aortic disease involving any aortic location (aortic arch, thoraco-abdominal aorta, and/or visceral aorta). Studies reporting the technical details of the creation of fenestrations (type of stent graft and fenestration reinforcement, if used) or, at a minimum, clearly citing a precedent study, which reported the performed technique, were included. Finally, 20 of 90 studies were included for analysis (Fig. 1).

Studies with overlapping data were excluded. Only the most recent or detailed studies were included in the analysis.

Data extraction

The extracted data were summarised with the help of a data extraction sheet (J.C.). One author was contacted by telephone to provide additional data.

The data extraction sheet collected the name of the first author, publication year, study design, patient number, demographics, inclusion period, technical details (type of stent graft; fenestration reinforcement, if used; cutting technique; suture; modification time; bridging stent use; and the technical details of the scallops if associated), type of aortic pathology and location, emergency status, ruptured aorta, technical success, 30 day mortality and aorta related mortality, type 1 and 3 endoleak, branch patency and the way to assess it, complications, re-intervention, and follow up.

Technical success was defined by satisfactory stent graft deployment (correct deployment of the stent graft and fenestrations without kinking phenomena or branch cover), arterial branch patency, and the absence of type 1 or 3 endoleak on the final angiogram and/or postoperative imaging when available.

Qualitative descriptive data are presented as number and percentage and quantitative data are presented as minimum and maximum range.

RESULTS

Study characteristics and demographics

Twenty studies were included in the analysis for a total of 711 patients. Of these, two were prospective cohorts, [START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF] while six others had an investigational device exemption protocol approved by the United States Food and Drug Administration (FDA). [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF] They were all single or two centre studies.

Patient demographics are described in Table 1. Mean age ranged from 53 to 74 years.

Men represented 72% ± 11% of patients (range 50% -100%). Of the 711 included patients, the type of aortic pathology was reported in 670 (94.2%) cases: 435 (64.9%) had degenerative aneurysms; 171 (25.5%) aortic dissections; 24 (3.6%) penetrating aortic ulcers; 13 (1.9%) mycotic aneurysms; 13 (1.9%) pseudoaneurysms; nine (1.3%) acute aortic traumatic lesions; three (0.4%) intramural haematomas; and two (0.3%) floating thrombus. PMSGs were used to treat pathologies extending to the arch in 258 patients (36.2%) and pathologies involving the abdominal level in 453 patients (63.7%). In aortic arch PMSG (aa-PMSG), 117 were deployed in zone 2, nine in zone 1, and 22 in zone 0. Zhang et al. did not precisely report the landing zone. [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] Fifteen studies reported whether the procedure was performed electively or emergently: 248 patients were operated on an emergency basis either for symptomatic, ruptured aneurysms (n = 50) or complicated type B dissections. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] In the United States of America (USA), the FDA approved visceral fenestrated/branched stent grafts in 2012.

Considering this, of 340 abdominal PMSGs (A-PMSG), 312 (91.8%) were in an emergent situation and/or operated on before 2012 (as an off label technique outside the instructions for use).

Concerning the aortic arch segment, 27% of PMSGs were emergencies.

Technical details and outcomes

Technical details are described in Table 2.

Technical success varied from 87.5% to 100% (aortic arch level range: 90% -100%; abdominal level range: 87.5% -100%).

Selected stent grafts. Selected stent grafts for aortic pathologies involving the aortic arch were the Valiant stent graft (Medtronic, Minneapolis, MN, USA; n = 169 [65%]), the Ankura (Lifetech Scientific, Shenzhen, China; n = 50 [19%]), and the Relay thoracic (Terumo Aortic, Paisley, UK; n = 29 [12%]). [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] Zhu et al. [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF] and Zhang et al. [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] Regarding aortic pathologies involving the abdominal aorta, the stent graft used was reported in 273 cases (60% of PMSGs). The Zenith platform was chosen in 139 cases (51%) with 20 Zenith Alpha low profile) [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF] and the TX2 (Cook Medical) in 99 cases (36%). [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF] Endurant (n = 14 [5%]) and Captivia Vamp (n = 1; Medtronic), Anaconda (n = 1), Bolton Treo (n = 16 [6%]) and Bolton Relay Plus (n = 1; Terumo Aortic), and one modified Zenith T-branch (n = 1; Cook Medical) were also used. Oderich et al. [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] did not report precisely the number of each stent grafts deployed, but they reported the modification of 145 TX2 or Zenith Flex grafts. [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] Fenestration reinforcement. The fenestration was not reinforced in 157 PMSGs (22.1%), all in the aortic arch. [START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF][START_REF] Oderich | Stent graft modification with mini-cuff reinforced fenestrations for urgent repair of thoracoabdominal aortic aneurysms[END_REF] Canaud et al., [START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF] Li et al., [START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] Miura et al., [START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF] and Zhang et al. [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] did not reinforce the large fenestrations (for two or three branches). Chassin-Trubert et al. [START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF] did not reinforce scallops but marked it with a snare. A snare reinforced the fenestration in 458 PMSGs (66%). [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] Sénémaud et al. [START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF] used either a snare or the distal extremity of a 0.014 radio-opaque guidewire. [START_REF] Cochennec | Early Results of physician modified fenestrated stent grafts for the treatment of thoraco-abdominal aortic aneurysms[END_REF] Scali et al. [START_REF] Scali | Treatment of acute visceral aortic pathology with fenestrated/branched endovascular repair in highsurgical-risk patients[END_REF] fixed the distal extremity of a 0.014 radio-opaque guidewire surrounded by PTFE mini-cuff. [START_REF] Oderich | Stent graft modification with mini-cuff reinforced fenestrations for urgent repair of thoracoabdominal aortic aneurysms[END_REF] The fenestration was cut with a cautery device in 484 PMSGs (75%). The 142 (22%) PMSGs cut with a scalpel were not reinforced and located in the aortic arch, to preserve the supra-aortic arterial trunks. Canaud et al. [START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF] chose a scalpel to cut large fenestrations, while using a cautery device for small ones in 17 PMSGs (3%). Two studies did not mention the way fenestrations were cut. [START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF] Chassin-Trubert et al. [START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF] only cut scallops with a scalpel.

Cutting technique and reinforcement were closely linked; only Miura et al. [START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF] cut nonreinforced fenestrations with a Thermocutter.

Bridging stent use.

At the abdominal aorta level, bridging stents were deployed through all fenestrations in 293 (68%) cases. Only Starnes et al. [START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF] did not stent all the fenestrations (n = 136 [32%]). [START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF] In 2017, Starnes et al. [START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF] reported the stenting of renal arteries whenever possible but only one superior mesenteric artery (SMA) over 59 juxta-renal aortic aneurysms.

In their early experience, Starnes et al. [START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF] did not stent the fenestrations for juxta-renal aneurysm. Nevertheless, in 2012 they reported one death because of a stent graft migration with SMA occlusion. Since this case they stent at least one artery.

At the aortic arch level, no bridging stent was deployed in 47 (18%) PMSGs. These PMSG modifications consisted of large fenestrations without reinforcement. [START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] Only Zhu et al. [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] deployed a bridging stent through all fenestrations (covered or bare metal stent; n = 20 [8%]). Bridging stents were used, but not in every fenestration, in 191 (74%) cases. Canaud et al. [START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF] and Zhang et al. [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] performed large fenestrations in aa-PMSG but stented only the small fenestrations as alignment stents.

At the abdominal level (abdominal and thoraco-abdominal aortic pathologies), the bridging stents chosen were covered. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF] In the aortic arch either covered or bare metal stents were used. Canaud et al. [START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF] and Chassin-Trubert et al. [START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF] chose covered stents, whereas Zhu et al. [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] and Zhang et al. [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] used both covered and bare metal stents.

Permanent or temporary diameter reducing ties were used in 350 (53%) PMSGs, mostly for Cook devices. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] Zhu et al. [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF] were the only ones to report the use of diameter reducing ties in an aa-PSMG (five TX2; Cook Medical) and four Relay thoracic stent grafts (Terumo Aortic). Time for modification varied from 16 to 120 minutes. Time to resheath and/or technical difficulties and/or fenestration damages, related to the resheathing technique, were not reported.

Clinical outcomes

Clinical outcomes such as mortality, branch patency, type 1 and 3 endoleak, complications (stroke, spinal cord ischaemia, acute kidney injury), and follow up are reported in Table 3.

Only one case of bowel ischaemia was reported.

The stent graft follow up imaging was computed tomography (CT) angiography (CTA) in most studies. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] A non-contrast enhanced CT scan associated with a side branch duplex scan was performed in patients with renal function impairment in four studies. [START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF] The follow-up completeness was described in 10 studies, [START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] and varied from 68% to 100% (Table 3).

Peri-operative and early results (< 30 days) were reported in two studies; [START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF] others reported on short to mid-term results.

Thirty-day mortality varied from 0% to 8%. Six (2.3%) patients died after an aa-PMSG (n = 258) and 35 (7.7%) patients after an A-PMSG (n = 453).

After an aa-PMSG, direct aorta related death causes were intra-operative cardiac arrest after PMSG deployment due to an undetermined reason (n = 1), [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF] retrograde aortic dissection (n = 1), [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] and refractory shock after a ruptured aortic aneurysm (n = 1). [START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF] After an A-PSMG, the aorta-related causes were massive thrombo-embolisation on day 1 (explained by irregular thrombus within the aneurysmal sac; n = 1), [START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF] stroke after axillary access (to perform a chimney as a bailout procedure because of a SMA cannulation failure; n = 1), [START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF] type A dissection after thoraco-abdominal aortic aneurysm endovascular repair (without precision), [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] and one massive reperfusion syndrome after a long and difficult surgery. [START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF] During follow up, 16 studies reported 78 deaths; eight were aortic related causes (1.3%). The causes of seven deaths were reported. After an aa-PMSG, two retrograde dissections (during follow up), [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF] and one graft infection were reported. [START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] After an A-PMSG, three stent grafts infections (two aortodigestive fistulae), [START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] and one stent graft migration with acute bowel ischaemia (at this time Starnes did not stent the fenestrations) [START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF] were the reported causes of death.

A total of four retrograde aortic dissections were reported, [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF] each one after an aa-PMSG. Three were fatal, as described above. One occurred on postoperative day 40 after a zone 0 PMSG and resolved after open repair. [START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF] Concerning different stent graft infections, the studies did not report any problems during the stent grafts modifications. Li et al. [START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] reported a late PMSG infection without a link to the procedure, as stated by them. Tsilimparis et al. [START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF] reported two graft infections. The first suffered from aortogastric fistula developed on a pre-existing gastric ulceration. In the second case, the authors suspected a pre-operative mycotic aneurysm.

Branch patency rate was reported in 15 studies. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] At 12 months, the primary patency rate ranged from 96.3% to 100% (aa-PMSG: 96% -100%; A-PMSG: 97% -100%). Oderich et al. [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] reported a primary patency rate of 94% ± 2% and a secondary patency rate of 97.5% ±1% at three years. In their study, freedom from branch instability was 89% ± 2% at three years. Type 3 endoleak rate was reported in 17 studies. [START_REF] Ricotta | Surgeon-modified fenestrated-branched stent grafts to treat emergently ruptured and symptomatic complex aortic aneurysms in high-risk patients[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Sweet | Endovascular treatment of thoracoabdominal aortic aneurysm using physician-modified endografts[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Mascoli | Endovascular repair of acute thoraco-abdominal aortic aneurysms[END_REF][START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF][START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician-modified stent grafts (PMSGs) in zone 0 and zone 1 for aortic arch diseases[END_REF][START_REF] Zhu | Fenestrated thoracic endovascular aortic repair using physician modified stent grafts for acute type B aortic dissection with unfavourable landing zone[END_REF] Zero to 14% of patients experienced a type 3 endoleak at the 14.8 month follow up (aa-PMSG: 0% -5%; A-PMSG: 0% -14%). Type 1 endoleak was reported in 19 studies (Starnes et al. only reported the absence of a type 1A endoleak). [START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF] Zero to 14.3% of patients experienced a type 1 endoleak (aa-PMSG: 0% -6.6%; A-PMSG: 0% -14.3%). Because of missing data and heterogeneity in reporting re-interventions, the endoleak re-intervention rate could not be analysed.

Clinical outcomes associated with technical details are reported in Table 4. Owing to missing data related to the clinical results according to the specific stent graft used (11 authors reported multiple stent grafts), the results could not be compared by stent graft. Nevertheless, Cook device (Zenith/TX2) data were extracted: 30 day mortality (0% -8%), branch patency (97% -100%), and type 3 endoleak (0% -14%) (all in A-PMSG). [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF][START_REF] Starnes | Midterm results from a physician-sponsored investigational device exemption clinical trial evaluating physician-modified endovascular grafts for the treatment of juxtarenal aortic aneurysms[END_REF][START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF][START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Scali | Outcomes of surgeonmodified fenestrated-branched endograft repair for acute aortic pathology[END_REF][START_REF] Starnes | Physician-modified endovascular grafts for the treatment of elective, symptomatic, or ruptured juxtarenal aortic aneurysms[END_REF] 

DISCUSSION

This article provides the first review of the technical aspects of PMSGs. Moreover, the latest systematic review on PMSG, [START_REF] Georgiadis | Systematic Review of off-the-shelf or physician-modified fenestrated and branched endografts[END_REF] published in 2016, focused on abdominal fenestrated stent grafts. Since then, the number of studies reporting thoracic PMSGs has increased, and an update including the results of these studies was necessary.

Despite the generalisation of custom made devices (CMD) and the development of off the shelf stent grafts, parallel techniques, and in situ fenestration, PMSG results continue to be widely described. [START_REF] Kärkkäinen | Outcomes of target vessel endoleaks after fenestrated-branched endovascular aortic repair[END_REF][START_REF] Juszczak | Endovascular repair of acute juxtarenal and thoracoabdominal aortic aneurysms with surgeon-modified fenestrated endografts[END_REF][START_REF] Dossabhoy | Fenestrated endovascular aortic aneurysm repair using physician-modified endovascular grafts versus company-manufactured devices[END_REF][START_REF] O'donnell | The state of complex endovascular abdominal aortic aneurysm repairs in the Vascular Quality Initiative[END_REF] In 2018, O'Donnell et al. [START_REF] O'donnell | The state of complex endovascular abdominal aortic aneurysm repairs in the Vascular Quality Initiative[END_REF] reported the results of 1 396 complex aortic aneurysm endovascular repairs. They found a similar peri-operative mortality rate between CMDs (3.4%), PMSGs (6.1%), and chimney/snorkel (6.1%; p = .13).

The number of PMSGs is decreasing; Oderich et al. [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] reported a decline from 100% between 2007 and 2010 to 4% between 2014 and 2016 (p < .001). [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] FDA approval in 2012 of the first fenestrated CMD in the USA and the improvement of off the shelf devices reduced the number of PMSG procedures.

Nevertheless, PMSG present a valuable option as CMDs need 6 -12 weeks for delivery and off the shelf stent grafts do not fit all aortic anatomies. Moreover, a combination of a PMSG and a chimney is another possibility. [START_REF] Ronchey | Endovascular treatment options for complex abdominal aortic aneurysms[END_REF][START_REF] Sénémaud | Intraoperative adverse events and early outcomes of custom-made fenestrated stent grafts and physician-modified stent grafts for complex aortic aneurysms[END_REF][START_REF] Touma | Parallel grafts used in combination with physician-modified fenestrated stent grafts for complex aortic aneurysms in high-risk patients with hostile anatomies[END_REF] These techniques are complementary.

In this review, 92% of A-PMSGs were realised in emergency settings or before the wide availability of CMDs. However, only 27% of aa-PMSGs were done as emergencies. This difference is explained by the delayed development of aortic arch level CMDs. The American College of Cardiology Foundation/American Heart Association 2010 guidelines state that the left subclavian artery should be preserved in selective indications. [START_REF] Hiratzka | ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the diagnosis and management of patients with thoracic aortic disease: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines, American Association for Thoracic Surgery[END_REF] The European Society of Cardiology 2014 guidelines reported that fenestrated stent grafts were an option to revascularise side branches. [START_REF] Erbel | ESC guidelines on the diagnosis and treatment of aortic diseases: document covering acute and chronic aortic diseases of the thoracic and abdominal aorta of the adult. The Task Force for the Diagnosis and Treatment of Aortic Diseases of the European Society of Cardiology (ESC)[END_REF] In 2019 the ESVS presented fenestrated/branched stent grafts as an alternative to open aortic arch repair or conservative therapy. [START_REF] Czerny | Editor's Choice -Current options and recommendations for the treatment of thoracic aortic pathologies involving the aortic arch: an expert consensus document of the European Association for Cardio-Thoracic Surgery (EACTS) & the European Society for Vascular Surgery (ESVS)[END_REF] Therefore, a decrease in aa-PMSG indications is anticipated as aortic arch CMD development improves.

Most of the included studies insist on the importance of planning and surgical experience in fenestrated endografts. Concerning planning, all the included studies used CTA and the centre line of flow. In 2018, Starnes et al. [START_REF] Starnes | Procedural and perioperative results in patients treated with fenestrated endovascular aneurysm repair planned by automated software in a physiciansponsored investigational device exemption trial of physician-modified endografts[END_REF] described their use of automated planning software and a three dimensional (3D) printer for the treatment of 30 juxtarenal aneurysms.

The fenestrated stent graft template created by the 3D printer was used to determine the location of fenestrations quickly. They reported a 90% technical success rate, no aortic mortality, and 100% primary patency at one month. The same year, Rynio et al. [START_REF] Rynio | A 3-dimensional printed aortic arch template to facilitate the creation of physician-modified stent-grafts[END_REF] reported the use of a 3D printed aortic arch template in the case of a fenestrated and scalloped PMSG, with good results up to six months. In 2019, Mitsuoka et al. [START_REF] Mitsuoka | Preoperative planning for physician-modified endografts using a three-dimensional printer[END_REF] also described the use of a 3D printed aortic template, which could help to anticipate PMSG position in complex anatomies.

In the future, software and 3D printers could be developed to create either stent graft templates or aortic templates, which could facilitate and speed up PMSG creation. [START_REF] Mitsuoka | Preoperative planning for physician-modified endografts using a three-dimensional printer[END_REF] First developed for abdominal aortic aneurysms, PMSGs have now been described in all aortic locations. In abdominal or thoraco-abdominal aortic locations most PMSGs include more than one fenestration. The fenestration diameter respects the target artery diameter and the fenestrations are created between stents struts as far as possible. All the authors of the included studies created the fenestration with a cautery device and a radio-opaque marker.

The radio-opaque marker has a dual objective: (1) to mark the fenestration and (2) to reinforce it into the delivery system by providing dimensional stability. [START_REF] Hartley | Fenestrated stent grafts[END_REF] Han et al. [START_REF] Han | Low-profile Zenith Alpha TM thoracic stent graft modification using preloaded wires for urgent repair of thoracoabdominal and pararenal abdominal aortic aneurysms[END_REF] and Oderich et al. [START_REF] Oderich | Evolution from physician-modified to company-manufactured fenestrated-branched endografts to treat pararenal and thoracoabdominal aortic aneurysms[END_REF] reported the addition of four gold markers around the fenestration. Authors reported the creation of large fenestrations (LFs) in the aortic arch, which involved one or more arterial branches. Li et al. [START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] described LFs cut with sharp knives and scissors without reinforcement or a marker, and with stent struts passing through them. These fenestrations were localised thanks to the stent graft markers. PMSG location could explain these strategy differences. In this review, 63% of aa-PMSG indications were aortic dissections and 84% of A-PMSG indications were degenerative aneurysms. LFs cannot make the seal if the stent graft is not contiguous to the aorta. This point also explains the differences between the choice of covered or uncovered bridging stents. The role of bridging stents aims to maintain the alignment rather to ensure PMSG sealing. In fact, fenestrations lacking reinforcement are also those described without bridging stents, [START_REF] Zhang | Off-the-shelf devices for treatment of thoracic aortic diseases: midterm follow-up of TEVAR with chimneys or physician-made fenestrations[END_REF][START_REF] Chassin-Trubert | Midterm follow-up of fenestrated and scalloped physician-modified endovascular grafts for zone 2 TEVAR[END_REF][START_REF] Canaud | Double homemade fenestrated stent graft for total endovascular aortic arch repair[END_REF][START_REF] Miura | Thoracic endovascular aortic repair on zone 2 landing for type B aortic dissection[END_REF][START_REF] Li | Early experience and technical aspects of physician-modified fenestration in thoracic endovascular aortic repair for aortic arch pathologies[END_REF] mostly LFs.

In 2020, Han et al. 11 reported the use of 20 PMSGs with the low profile Zenith alpha device (lpZA). They described the lpZA as the substitute for TX2 device and highlight that the PMSG created technical differences between these two stent grafts. The stent architecture is different; on the lpZA the stent struts are more distanced and give more space to create the fenestration. The lpZA has active fixation barbs, contrary to the TX2. Han et al. 11 opted to remove them to facilitate the device rotation. This illustrates that the technique is still evolving through the available devices, but this evolution depends widely on the surgical team.

In the present review, only Singh et al. [START_REF] Singh | Physician-modified fenestrated endografts for managing the ruptured or symptomatic aortic aneurysm: technique overview and clinical outcomes[END_REF] reported Anaconda device use and did not report any difficulties in constraining it. None of the included studies reported use of the Gore excluder C3 (W.L. Gore & Associates, Flagstaff, AZ, USA). The distance between two stents struts could explain it. However, PMSGs on the Gore excluder C3 and on the Anaconda, which are both repositionable stent grafts, are reported by some authors to have no particular difficulties in constraining the stent graft or deciding on the location of the fenestration. [START_REF] Duprey | Physician-modified C3 excluder endograft as the preferred solution to treat a juxtarenal paraanastomotic aneurysm[END_REF][45][START_REF] Coulter | Physician modification of Gore C3 excluder endograft for treatment of abdominal aortic aneurysms anatomically unsuitable for conventional endovascular repair[END_REF] None of the included studies reported outcomes concerning the resheathing technique.

Resheathing may have consequences on the fenestration, as well as the sheath size, but this cannot currently be determined.

More broadly, the stent graft and fenestration reinforcement selection could affect costs. PMSGs could present cost advantages over CMDs in countries without an efficient care system. However, PMSG has no quality control. The laboratory guarantee covers the device if it is not modified and used according to the instructions for use. [START_REF] Wanhainen | Editor's Choice -European Society for Vascular Surgery (ESVS) 2019 clinical practice guidelines on the management of abdominal aorto-iliac artery aneurysms[END_REF] However, in France there is no jurisprudence in which a surgeon has been found guilty after PMSG surgery.

For ethical reasons, with the development and the validation of CMD, PMSGs must be reserved for cases of CMD unavailability. Yet, for the aortic arch level, recent CMD developments could limit their validity and availability. In 2019, the ESVS recommended limiting the use of new therapeutic possibilities to research ethics committee approved studies. [START_REF] Wanhainen | Editor's Choice -European Society for Vascular Surgery (ESVS) 2019 clinical practice guidelines on the management of abdominal aorto-iliac artery aneurysms[END_REF] Moreover, the surgeon must clearly inform patients of the off label nature of the PMSG and to include them in the decision.

Before device modification release, manufacturers follow a strict assessment process. [START_REF] Waninger | Manufacturer evaluations of endograft modifications[END_REF] A biomechanical comparison of different devices used to create a PMSG in addition to a clinical trial could be useful to determine the best way to make a PMSG, considering financial cost. Standardisation of the PMSG technique could give the surgeon and the patient security. Finally, it is important to bear in mind that complex endovascular techniques should be performed in expert centres and require a strict systematic surveillance programme. [START_REF] Riambau | Editor's Choice -Management of descending thoracic aorta diseases: clinical practice guidelines of the European Society for Vascular Surgery (ESVS)[END_REF][START_REF] Wanhainen | Editor's Choice -European Society for Vascular Surgery (ESVS) 2019 clinical practice guidelines on the management of abdominal aorto-iliac artery aneurysms[END_REF][START_REF] Czerny | Editor's Choice -Current options and recommendations for the treatment of thoracic aortic pathologies involving the aortic arch: an expert consensus document of the European Association for Cardio-Thoracic Surgery (EACTS) & the European Society for Vascular Surgery (ESVS)[END_REF] In this review, PMSG efficacy, assessed by the overall mortality, aortic related mortality associated with branch patency, and type 1 and 3 endoleak, was acceptable and comparable to other published analyses. [START_REF] Georgiadis | Systematic Review of off-the-shelf or physician-modified fenestrated and branched endografts[END_REF] However, these results should be interpreted carefully. The retrospective design of most of the studies (n = 18/20), the complete lack of a randomised trial (because of the frequent compassionate indications and the non-standardised nature of PSMGs), the small population samples and their heterogeneity, and the relatively short term results are limitations to robust evidence and to connect clinical results to technical details. Moreover, only half the studies reported completion of follow up (68% -100%).

These missing data are another bias of this review. The loss to follow up of most patients with good results or, on the contrary, with unsatisfactory results and potentially treated elsewhere, may influence the appraisal of PMSG results. Furthermore, publication and/or selection bias could play a role in the low mortality rate. Creating a PMSG takes time, making its realisation in haemodynamically unstable patients difficult. Owing to missing data, haemodynamically unstable patients were left out of this review, but some authors that realising PMSGs in these cases is impossible.

Conclusion

Creating a PMSG is an effective technique that is useful when validated treatments are not available. Nevertheless, differences in the technical details of the creation of PMSGs are reported, depending on the surgical team and the location of the PMSG; these differences are even more noticeable since the development of aa-PMSGs. However, the long term consequences of the modifications are unknown. Heterogeneity in the technical details (despite similarities) makes it difficult to demonstrate a strong connection between a specific creation technique and the clinical results.
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  also used five TX2 (2%) and five Zenith (Cook Medical, Bloomington, IN, USA) stent grafts (2%). All these stent grafts were composed of polyethylene terephthalate, except for the Ankura (expanded polytetrafluoroethylene [PTFE]).

Figure 1 .

 1 Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram depicting article selection for a comprehensive review of physician modified stent grafts (PMSGs) used in any aortic location.

Table 1 . Characteristics and patients demographics in studies on physician modified aortic stent grafts used in aortic locations.
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	Study	Duration	Study design	Patients	Age	Emergency	Aortic
				-n	-y	-%	location
	Canaud et al. 19	2017-18	Retrospective cases	17	69.6 12	Aortic arch
			series				
	Chassin-Trubert et	2013-19	Retrospective cases	54	63	59	Aortic arch
	al. 18		series				
	Han et al. 11	2016-19	Retrospective cases	20	74	100	TAA/CA
			series				
	Li et al. 30	2015-17	Retrospective cases	32	58.2 NA	Aortic arch
			series				
	Mascoli et al. 20	2012-15	Prospective cohort 24	NA	100	TAA
	Miura et al. 21	2013-17	Retrospective	15	NA	20	Aortic arch
			cohort				
	Oderich et al. 15	2007-15	Retrospective	145	75	NA	TAA/CA
			cohort				
	Ricotta and	2010-12	Retrospective cases	12	71	100	TAA/CA
	Tsilimparis 12		series				
	Ronchey et al. 22	2007-13	Retrospective	4	71.25 100	CA
			cohort				
	Scali et al. 23	2010-14	Retrospective cases	37	67	100	TAA/CA
			series				
	Sénémaud et al. 24	2012-17	Retrospective	23	73	100	TAA/CA
			cohort				
	Singh et al. 25	2015-17	Retrospective cases	7	65	100	Aortic
			series				arch/TAA/CA
	Starnes 26	2007-10	Retrospective cases	47	75	NA	CA
			series				
	Starnes et al. 13	2011-15	Retrospective cases	59	74.8 NA	CA
			series				
	Starnes et al. 16	2016-17	Retrospective cases 30	74	NA	CA

Table 2 . Technical outcomes with physician modified stent graft creation in studies describing a total of 711 patients.
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		Textile (n)	Cutting technique	Reinforcement Suture	Bridging stent	Technica l success -%
	Aortic arch segment					
	Canaud et al. 19 Polyester	CD/scalpel Snare/0*	Polypropylene monofilament	Yes and no †	94
	Chassin-Trubert et al. 18 Polyester	CD/scalpel Snare/0*	Polypropylene monofilament	Yes and no †	94
	Li et al. 30	ePTFE	Scalpel	0	0	No	94
	Miura et al. 21 Polyester	CD	0	NA	No	100
	Zhang et al. 17	Polyester (98)/ePTFE (12)	Scalpel	0	0	Yes and no †	96
		Polyester					
	Zhu et al. 29	(14)/e-PTFE	CD	Snare	PTFE monofilament	Yes	90
		(6)					
	Zhu et al. 28	Polyester	CD	Snare	PTFE monofilament	Yes and no ‡	90
	Abdominal segment					
	Han et al. 11	Polyester	CD	Snare	Polyester braided multifilament	Yes	100
	Mascoli et al. 20	Polyester	CD	Snare	Polypropylene monofilament	NA	NA
	Oderich et al. 15	Polyester	CD	Snare + cuff PTFE	Polypropylene braided multifilament monofilament/polyester	Yes §	98
	Ricotta and Tsilimparis 12 Polyester	CD	Radio-opaque wire	Polyester braided multifilament	Yes	92
	Ronchey et al. 22	Polyester	CD	Snare	NA	Yes	100
	Scali et al. 23 Polyester	NA	0,014 wire +	PTFE monofilament	Yes	92

* A snare was used for left subclavian arteries small fenestration and no reinforcement was used for scallop or large fenestration (bi-troncular fenestration). † A stent was used just for small fenestrations. ‡ A stent was used for all left subclavian arteries fenestrations, 8/10 left common carotid arteries fenestrations and 2 innominate trunks fenestrations. § Optional stenting for single-diameter scallop and no stenting for doublediameter scallop. || Renal arteries stented whenever possible but not systematically for superior mesenteric artery or coeliac trunk.

Table 3 . Comparison data on clinical outcomes of physician modified stent grafts in aortic locations.

 3 SPI = spinal cord ischaemia; AKI = acute kidney injury; NA = not available. 555 100% branch patency with elective procedures. † At one year. ‡ At day 30. 556 al.[START_REF] Tsilimparis | Outcome of surgeon-modified fenestrated/branched stent-grafts for symptomatic complex aortic pathologies or contained rupture[END_REF] 

		Early results				Follow up results				
	Study			Complication					Follow up	
		All	Aortic	s -%		Aortic	Branch	Type 3	Type 1		
		cause	mortalit				mortalit	patency	endoleak	endoleak		
		mortalit	y -%	S SPI AK	y -%	-%	-%	-%	Mean	Complete
		y -%				I					-mo	ness -%
	Aortic arch aorta											
	Canaud et al. 19 0	0	6	0	0	0	100	0	0	7	NA
	Chassin-Trubert	4	1	6	2	0	0	100	0	0	26	100
	et al. 18											
	Li et al. 30	0	0	NA NA NA 3	96	NA	6	8.3	78
	Miura et al. 21	0	0	7	0	0	0	NA *	0	7	19.6	NA
	Zhang et al. 17	1	1	1	0	0	2	96	NA	1	49.5	NA
	Zhu et al. 29	0	0	5	0	0	0	100	5	0	6.95	100
	Zhu et al. 28	1	1	0	0	0	0	100	0	0	13.3	100
	Abdominal aorta											
	Han et al. 11	0	0	10 0	30 0	100	NA	5	5	NA
	Mascoli et al. 20 7	NA	NA NA NA 0	NA	8	8	21.4	NA
	Oderich et al. 15 8	1	2	3	16 1	97 †	14	2	38	98
	Ricotta and	1	0	0	0	17 0	100	0	0	9	100
	Tsilimparis 12											
	Ronchey et al. 22 0	0	0	0	14 0	NA	0	0	21.25	NA
	Scali et al. 23	7	0	5	14 14 0	98 †	8	0	8,3	68
	Sénémaud et	4	1	4	8	0	NA	100 †	9	9	18	100
	al. 24											
	Singh et al. 25	0	0	NA NA NA 0	100	0	14	9.7	NA
	Starnes 26	1	0	2	0	2	2	NA	0	2	20	NA
	Starnes et al. 13 3	1	2	0	0	NA	NA	3	2	27.6	NA
	Starnes et al. 16 2	0	3	0	0	0	100 ‡	0	NA	NA	NA
	Sweet et al. 14	1	0	0	8	0	0	100	4	0	11	100
	Tsilimparis et 1	1	0	10 10 14	100	14	0	11.2	81

*

Table 4 . Comparison data on clinical outcomes according to the technical details of physician modified stent grafts in aortic locations.

 4 Reporting of the results according to the technical details was lacking; data extraction was not possible owing to different creation techniques used between large and small fenestrations on the same stent graft. † Impossible to extract specific data according to the technical details.

	Study	Fenestration reinforcement	Bridging stent	
		30 day	Branch	Type 3	30 day	Branch	Type 3
		mortality	patency	endoleak	mortality	patency	endoleak
		-%	-%	-%	-%	-%	-%
	With fenestration reinforcement or bridging stent			
	Canaud et al. 19,* †	†	†	†	†	†
	Chassin-trubert	4	100	0	4		0
	et al. 18						
	Zhu et al. 29	0	100	5	0		5
	Zhu et al. 28	1	100	0	†	†	†
	Han et al. 11	0	100	NA	0		NA
	Mascoli et al. 20 7	NA	8	†	†	†
	Oderich et al. 15 8	97	14	8	97	14
	Ricotta and	1	100	0	1		0
	Tsilimparis 12						
	Ronchey et al. 22 0	NA	0	0	NA	0
	Scali et al. 23	7	98	8	7	98	8
	Sénémaud et	4	100	9	4		9
	al. 24						
	Singh et al. 25	0	100	0	0		0
	Starnes 26	1	NA	0	†	†	†
	Starnes et al. 13	3	NA	3	†	†	†
	Starnes et al. 16	2	100	0	†	†	†
	Sweet et al. 14	1	100	4	1		4
	Tsilimparis et	1	100	14	1		14
	al. 27						
	Without fenestration reinforcement or bridging stent			
	Li et al. 30	0	96	NA	0	96	NA
	Miura et al. 21	0	NA	0	0	NA	0

* 

† † †
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