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Surgery of renal artery aneurysms: A monocentric retrospective study

Objective: To report the results of conventional surgery for renal artery aneurysms (RAA) in our center.

Material and methods:

We retrospectively reviewed the files of all the patients operated for RAA between 2009 and 2018 in our center. We collected demographic, biological (renal function), morphological (CT-scan), and functional (ultrasound examination, resistance index) pre and postoperative data. Clinical and paraclinical operative data were examined.

Results were expressed as average ± standard deviation or median and extremes.

Results: 26 aneurysms were operated in 20 kidneys (10 right kidneys) among 19 patients, including 13 (68%) women with an average age of 55 (±12) years. Three (16%) patients presented an aneurysm in a single kidney. The discovery of the aneurysm was fortuitous in 14 (74%) patients. One Marfan patient was operated after a postpartum rupture. The median

INTRODUCTION

Aneurysms of the renal arteries (RAA) are a rare disease which incidence is estimated to approximately 0.1% in the general population and 1% in reported series of renal angiography. [START_REF] Eskandari | Aneurysms of the renal artery[END_REF][START_REF] Henriksson | Angiographically discovered, nonoperated renal artery aneurysms[END_REF][START_REF] Tham | Renal artery aneurysms. Natural history and prognosis[END_REF] Their location varies from the troncular segment to the hilar and parenchymatous segments of the renal of the artery. RAAs are often asymptomatic, but they can be responsible for arterial hypertension (HBP), hematuria, chronic lumbar pain, renal arteriovenous fistula, of renal infarction, and even dissection and rupture, in particular in pregnant women. [START_REF] Hongsakul | Transarterial Embolization of a Renal Artery Aneurysm Concomitant With Renal Arteriovenous Fistula[END_REF][START_REF] Augustin | Ruptured renal artery aneurysm in pregnancy and puerperium: literature review of 53 cases[END_REF] The surgical indication according to the diameter makes debate in the literature. Some authors consider recommend a surgical threshold of 30mm. [START_REF]The contemporary management of renal artery aneurysms[END_REF][START_REF] Klausner | Current treatment of renal artery aneurysms may be too aggressive[END_REF] However the usual indications are a diameter > 2 cm and any symptomatic aneurysm. In women of childbearing age, the surgical threshold is often lowered, but it is not clearly defined. The indication is then discussed on a case-by-case basis, taking into account the mother and child risk related to a peripartum rupture. RAAs are frequently described in association with HBP, and the surgical treatment of RAAs seems to bring an improvement of HBP, and even to cure HBP postoperatively. [START_REF] Coleman | Renal artery aneurysms[END_REF] The therapeutic possibilities include the medical treatment (drug therapy and surgical abstention with monitoring), and conventional or endovascular surgical.

Open repair was the rule, but the development of mini-invasive techniques could modify the management of these patients.

The objective of our study was to report the early and late results of conventional surgery for RAAs in our center. The preoperative diagnosis of HBP was retained from the interrogation of the patient and from reading medical records. For the patients operated to treat HBP only, the blood pressure was measured during a medical consultation pre-and postoperatively at three months. The patients did not benefit from a protocol of measurement of the blood pressure, in particular from an ambulatory blood pressure measurement. The blood pressure was considered cured in the event of normalization of the measurements without residual treatment. Some patients had a renal arteriography with 3D reconstruction by volume rendering with the Synapse® software (Fugifilm, Tokyo, Japan), allowing a precise preoperative anatomical study of the RAA.

MATERIAL AND METHODS

Population

Operative data and follow-up

The collected operative data were the indication, the surgical technique, the in/ex situ character of the reconstruction, the duration of renal clamping and the complications. The patency of the reconstruction and the clinical status of the patient were evaluated during the follow-up visit at three months, after the realization of an injection CT-scan. The long-term follow-up was carried out in our center or was performed by the referring physician. The follow-up was considered complete if it included a clinical examination and a paraclinical examination documenting the patency of the arterial reconstruction and the renal viability.

Renal arterial duplex was recommended as the first line examination. The realization of an imaging by section with contrast administration was left at the discretion of the medical consultant.

Statistics

The results were expressed as averages ± standard deviation or medians and extremes.

Qualitative variables were compared using the Chi-2 test of or the Fisher exact test.

Quantitative variables were compared using the Student t test or ANOVA test. The SPSS 24.0 software (SPSS Inc., Chicago, IL, USA) was used for the statistical analyzes. The significance level was set at 0.05.

RESULTS

Population

Between January 2009 and December 2018, we operated 26 aneurysms in 20 kidneys (10 right kidneys) among 19 patients, including 13 (68%) women. The average age of the population was 55 ± 12 years. Four patients presented two RAAs in the same kidney, and one patient had three RAAs. Three (16%) patients presented an aneurysm in a single kidney, and five (26%) presented bilateral aneurysms, one of which was operated on both sides, the other four patients being monitored. Nine (47%) patients were hypertensive, including three (16%) who required a triple combination antihypertensive therapy. All the patients had a normal preoperative renal function with an average clearance of 93.4 ± 22.7 mL/min. None of the 19 operated patients presented organ failure. The characteristics of the 19 operated patients are presented in Table I.

Diagnosis

The discovery of the aneurysms was fortuitous in 14 (74%) patients, one of them presenting two aneurysms measuring < 20mm in a single kidney, of which the largest had increased by 4 mm over two years. One hypertensive patient presented bilateral renal aneurysms and one infrarenal aortic aneurysm. The aortic and the left renal aneurysms were operated at the same time, and the right renal aneurysm was operated in a second stage. Five patients presented symptoms justifying the diagnosis and the surgery (Fig. 1). One Marfan patient was operated on for a ruptured aneurysm during postpartum in another center, treated with a surgical clip.

The aneurysm was left in place. Morphological assessment demonstrated that the RAA measured 21 mm in diameter, and it was reoperated with resection/anastomosis. After a multidisciplinary discussion, one patient was operated for a painful 13 mm right renal aneurysm in a context of type 1 neurofibromatosis (NF1) and Moya-Moya disease. In one patient with worsening HBP, a renal infarction led to discover an 8 mm aneurysmal dissection associated with a stenosis of the trunk of the renal artery. Another patient presented a macroscopic hematuria associated with a 48 mm hilar aneurysm. One patient presented with invalidating lumbar pain initially evoking an ureteropelvic junction obstruction. The pain regressed after surgery for two aneurysms measuring 19 and 18 mm, respectively.

Preoperative assessment

All the patients had a CT-scan with the injection of contrast, supplemented by a 3D arteriography in 14 (73%) of them (Fig. 2). The average and median diameters of the operated aneurysms were 21.5 ± 9.3 mm and 22 mm (7-48), respectively. Twenty-three (90%) RAAs were hilar or post-hilar and 96% were sacciform (one fusiform aneurysm). The preoperative renal vascular resistance index measured in six (32%) patients was normal with a median of 0.7 (0.56-0.7). Preoperative assessment did not find any dysplastic lesion of the supra-aortic trunks (SAT) in the 11 (58%) patients in which these arteries were investigated (four arterial ultrasound examinations and seven injected MRIs). Table II presents the surgical indications retained for the 20 operated kidneys.

Operative data

The surgical approach was a lumbotomy in line with the 10 th rib for 19 of the 20 operated kidneys (95%). The exposure was generally obtained with Leriche retractors maintained with a Martin's arm (Fig. 3). The incision was prolonged according to the in situ or ex situ type of planned surgery. One patient was operated through a right transperitoneal subcostal approach.

The technique of reconstruction was discussed before the operation and was finally decided according to the peroperative analysis. Repair could be performed in situ in 16 (80%) kidneys.

The renal arterial branches were clamped with Heifetz ® clamps after elective dissection with magnifying glasses, and intravenous heparin was administered. The decision to extract the kidney for ex situ repair was made before the operation in two patients and after surgical exploration in the other two. The four kidneys operated ex vivo were extracted from their bed after clamping and arterial and venous sections, pedicled on the ureter and its clamped pedicle. The adrenal gland was left in place. The kidneys were then cooled and washed with a Celsior solution until the venous return was clear. After repair, they were reimplanted in anatomical position. Repairs consisted of direct arterial reconstructions in 21 (81%) cases, including four resections/anastomoses, 12 aneurysmorraphies, and five complex reconstructions. These associated a resection/anastomosis or an aneurysmorraphy with another gesture: one resection of two polar aneurysms with side reimplantation on the adjacent artery (ex vivo surgery), the resection/anastomosis of an aneurysm involving the hilar junction with reimplantation of the third branch in two patients (including one ex vivo reimplantation), one arterioplasty of a zone of trifurcation, and one aneurysmorraphy with reimplantation on a zone of hilar trifurcation. Four arterial replacements were carried out with one prosthetic graft, two proximal superficial femoral grafts and one internal iliac graft, taken on a zone of bifurcation allowing reimplantation in the hilum to treat two aneurysms (ex vivo surgery). The distal superficial femoral arteries were reimplanted into the profunda femoris. The average renal clamping time was 30.5 ± 17.3 min (24.7 ± 10.5 min for in situ surgery and 53.7 ± 21 min for ex situ surgery, p=0.001). The average operative time was 162 ± 34 min.

Postoperative course

Only one patient developed postoperative acute renal failure and required two days of dialysis, with return to a normal renal function at discharge. The average creatinine clearance at discharge was 97.3 ± 29 mL/min, without significant difference with the preoperative value (p=0.66). Two patients (10%) were reoperated for hemostasis. No patient died as a result of surgery. Postoperative echo-Doppler examination all the reconstructions were patent with a normal resistance index in the operated kidney (0.66 ± 0.08). Antiplatelet agents were stopped before the intervention according to the vascular diathesis, but all the patients were prescribed such drugs at discharge. The average duration of hospitalization was 8.8 ± 3.1 days.

Postoperative results at 3 months

All the patients were re-examined at three months and had a CT-scan with contrast objectifying the good patency of the arterial reconstruction in 18 (95%) of them. In one patient treated by ex situ surgery, the internal iliac graft was partly occluded, with a polar infarction. In three patients operated with resection/anastomosis, a 50% stenosis was found, without hemodynamic repercussion. In two of them, the stenosis was located at the anastomosis. In the third one, the stenosis was troncular, where the artery had been clamped.

One patient presented a preoperative macroscopic hematuria, which completely regressed after surgery. The two patients operated in a context of chronic pain were relieved without additional antalgic treatment. One hypertensive patient on monotherapy before the operation was cured at three months. The remaining five hypertensive patients received the same treatment as before surgery, including the patient operated for an aneurysmal dissection associated with an arterial stenosis in which blood pressures measurements remained the same. The rate of cure of HBP was 11%. There was no significant association between preoperative HBP and FMD in our series (p=0.37).

Twenty-three of the 26 operated aneurysms were examined in pathology. Sixteen (70%) were associated with fibromuscular dysplasia (FMD), including in the two patients presenting a Marfan genetic conditions and NF1, and the symptomatic patient with an aneurysmal dissection), and seven (30%) were atheromatous.

Long-term follow-up

The average duration of complete follow-up including clinical examination and renal arterial duplex examination was 54 ± 35 months. The median duration of follow-up was 48 months (12-120). Duplex examination confirmed the patency of arterial reconstructions without loss of renal viability in 18 (95%) patients. The average duration of clinical with an incomplete paraclinical follow-up evaluation was 62 ± 40 months. By the end of 2018, 18 (95%) patients were alive without dialysis project, and one patient was lost to follow-up. Ultrasound examination detected only one polar infarction in the operated kidneys. One patient developed HBP without any ultrasound finding, in particular without any restenosis. The two patients presenting an anastomotic stenosis > 50% were monitored, without the need for an additional procedure at the end of the maximum follow-up of 12 and 96 months. One patient presented a troncular restenosis > 80% at seven months in the zone of arterial clamping, with a satisfactory hemodynamic after angioplasty and without need for reintervention after 104 months of complete follow-up. Primary and secondary patency rates were 90 and 95% at the end of the follow-up, respectively. The patient with NF1 was reoperated one year after the initial surgery for a subsequent painful aneurysm. Quatre (21%) patients ont donc nécessité une réintervention. Pathological study found a dysplastic aneurysm. The pain disappeared postoperatively, but painful crises recurred a few months later. After collegial discussion and on request of the patient, a nephrectomy was carried out on this functional kidney, with a durable disappearance of pain. Four (21%) patients thus required a reintervention. The operative data and the results are presented in table III.

Among the four patients presenting non operated contralateral RAAs, three were reexamined at the end of the study with an imaging with contrast injection objectifying the stability of the aneurysmal diameters (7, 8 and 10 mm, respectively). In one patient, a renal duplex examination carried out 36 months after operation objectified the stability of the diameter of the monitored aneurysm (10 mm). The average duration of follow-up for these non-operated RAAs was 42 ± 37 months.

DISCUSSION

We report a series of 26 aneurysms operated in 20 kidneys and 19 patients, almost women, with a 3-month patency of 95%, without degradation of the renal function. At the end of the 62 months average follow-up, only one functional kidney was explanted, in a very particular context of recurring pain crises in a NF1 patient. The small sample size of our study due to the low prevalence of RAAs was mainly constituted RAAs occurring in a context of FMD or atheromatous RAAs, which is comparable with published series. [START_REF] Tham | Renal artery aneurysms. Natural history and prognosis[END_REF][START_REF] Henke | Renal artery aneurysms: a 35-year clinical experience with 252 aneurysms in 168 patients[END_REF][START_REF] Robinson | Favorable outcomes with in situ techniques for surgical repair of complex renal artery aneurysms[END_REF] RAAs are observed in young patients, 55 years old on average in our series, without major comorbidities, for which a sure and effective symptomatic or preventive treatment option should be proposed.

The majority of the RAAs we operated were found by accident (74%). In a series of 94 patients published in 2003, Pfeiffer et al. reported 15% of fortuitous diagnosis. [START_REF] Pfeiffer | Reconstruction for renal artery aneurysm: operative techniques and long-term results[END_REF] The easier access to the imagery on section with injection of contrast improves the diagnosis of RAAs, including those < 2 cm which justify a surgical advice. Sometimes the clinical examination makes it possible to identify unperceived symptoms, such as lumbar pain (one case in our series), or HBP. Some authors recommend the monitoring of RAAs < 2cm in diameter or increase the surgical diameter threshold up to 3 cm. In a cohort of 40 patients, Klausner et al. a follow-up between one and five years. They observed a low rate of diameter increase < 1 mm/year, without rupture or complication. They concluded that a 2 cm threshold was too aggressive, because the evolution of RAAs is slow and the risk of rupture is low. A contrario, in a series of 65 patients, Duprey et al. monitored 12 patients for an average of 36 months and reported an average increase in diameter of 3.1 mm/year. [START_REF] Duprey | Editor's Choice -Ex vivo Renal Artery Repair with Kidney Autotransplantation for Renal Artery Branch Aneurysms: Long-term Results of Sixty-seven Procedures[END_REF] In our series, one patient was operated for multiple RAAs on a single kidney, after a CT-scan with injection of contrast which objectified a 4 mm increase in diameter over two years. In addition, four patients in our series presented small contralateral RAAs (<10mm) monitored without increase in size at the end of an average follow-up of 42 ± 37 months. The rapid evolution of RAAs appears unpredictable. Monitoring is definitely a therapeutic option, but the rhythm and the method must be defined. Renal Doppler ultrasound can be a reliable examination if one has à reference examination, but it is operator dependent. Imagery in section is then more effective, but the irradiation due to iterative CT-scans should suggest the realization of a MRI with contrast injection.

Any patient followed for RAA should undergo screening and treatment from cardiovascular risk factors. The prescription of antiplatelet agents is usual, and even recommended for patients with FMD. [START_REF] Gornik | First International Consensus on the diagnosis and management of fibromuscular dysplasia[END_REF] By analogy, we think that statins are of interest for patients with cardiovascular risk factors, but they should not be recommended for patients with FMD. [START_REF] Gornik | First International Consensus on the diagnosis and management of fibromuscular dysplasia[END_REF] The risk of rupture is the principal criterion justifying surgery for RAAs. One patient within our cohort ruptured a 21 mm aneurysm in postpartum. With maternal and fetal death rates between 56 and 92% and between 82 and 100%, respectively, in case of rupture, [START_REF] Cohen | Ruptured renal artery aneurysms during pregnancy[END_REF] RAAs should be operated in women who desire pregnancy. The peripartum treatment time is source of morbi-mortality, partly because of the ignorance of this differential diagnosis. [START_REF] Augustin | Ruptured renal artery aneurysm in pregnancy and puerperium: literature review of 53 cases[END_REF] Multiparity appears to be a predisposing factor of rupture. [START_REF] Henke | Renal artery aneurysms: a 35-year clinical experience with 252 aneurysms in 168 patients[END_REF] The increase in hormones and enzymes rates accompanying the final stage of pregnancy in preparing for delivery has been put forward as a hypothesis to explain this increased prevalence in the expectant mother or multipara. It is traditional to state that the rupture of RAAs occur in expectant mothers, however this situation is not the rule. Ruptures of RAAs occur regardless of the age and sex of patients, and diameters may be less than 2cm. [START_REF] Cohen | Ruptured renal artery aneurysms during pregnancy[END_REF][START_REF] Niwa | Spontaneous renal artery aneurysm rupture in a patient with neurofibromatosis type 1 without risk factors for renal artery aneurysm rupture[END_REF][START_REF] Chiu | Rupture of renal artery aneurysm due to Salmonella infection in a patient with systemic lupus erythematosus[END_REF][START_REF] Jeanmonod | Bilateral renal artery aneurysm rupture in a man with leukemia: report of a case[END_REF][START_REF] Senf | Ruptured arterial aneurysm of the kidney in a patient with Wegener's granulomatosis[END_REF] Again, the threshold of 2 cm only does not appear sufficient to establish an operative indication. The morphology of the aneurysm must also be taken into account in the therapeutic decision.

In our study the prevalence of HBP was 47%. In a literature review published in 2015, Coleman reported a 70-100% incidence of HBP in patients operated for RAA, [START_REF] Coleman | Renal artery aneurysms[END_REF] and some teams considered that any hypertensive patient presenting a RAA should be operated. Many responsible mechanisms are involved and intricately linked. The progressive embolization of the renal parenchyma, the compression or kinking of a renal artery, and the hemodynamic modifications in the aneurysm have been reported as possible causes. [START_REF] English | Surgical management of renal artery aneurysms[END_REF] A concomitant occlusive pathology or ostial stenoses of the efferent branches of the aneurysm are major causes of renovascular hypertension. It is difficult to say whether RAAs are the cause of or simply associated to HBP, but most series report high rates of cure and improvement of HBP after surgery for RAA. [START_REF] Klausner | Current treatment of renal artery aneurysms may be too aggressive[END_REF][START_REF] Coleman | Renal artery aneurysms[END_REF][START_REF] Henke | Renal artery aneurysms: a 35-year clinical experience with 252 aneurysms in 168 patients[END_REF][START_REF] Duprey | Editor's Choice -Ex vivo Renal Artery Repair with Kidney Autotransplantation for Renal Artery Branch Aneurysms: Long-term Results of Sixty-seven Procedures[END_REF] The absence of standardized protocol of measurement of the pre and post-operative blood pressure in our series introduces a bias, and does not allow a precise study of the impact of surgery for RAA on the blood pressure. Looking only at the rate of cure and not the postoperative reduction of antihypertensive treatments, we found a rate of 11% which can appear low but is comparable to the results reported by Duran (7.3%) or Klausner (7.1%). Martin et al. and Pfeiffer et al. described better postoperative results for the treatment of HBP among patients treated simultaneously for arterial renal stenoses (100% vs 60% and 67% vs 29%, respectively). 11.20 In their series published in 2005, reporting the treatment of dysplastic stenoses of the renal arteries, Piquet et al. found similar results since the patients operated for RAA without associated stenosis remained hypertensive whereas 82% of those presenting a stenosis were cured. [START_REF] Picquet | Results of surgical treatment for renal artery dysplasia[END_REF] The various series of conventional surgery for RAA reported good results, with a low morbi-mortality and a good long-term patency. [START_REF] Henke | Renal artery aneurysms: a 35-year clinical experience with 252 aneurysms in 168 patients[END_REF][START_REF] Duprey | Editor's Choice -Ex vivo Renal Artery Repair with Kidney Autotransplantation for Renal Artery Branch Aneurysms: Long-term Results of Sixty-seven Procedures[END_REF][START_REF] Duran | Reconstruction for renal artery aneurysms using the tailoring technique[END_REF] Direct reconstruction is preferable. It is a sure and effective technique which has the advantage of not using prosthetic material or an autologous graft. Moreover, Pfeiffer et al. and Duran et al. reported a better patency rate with aneurysmorraphy compared to the implantation of a venous graft (100% vs 73%, p = 0.28). [START_REF] Pfeiffer | Reconstruction for renal artery aneurysm: operative techniques and long-term results[END_REF][START_REF] Duran | Reconstruction for renal artery aneurysms using the tailoring technique[END_REF] Repair could be performed in situ in the majority of the cases in our series. Via a right or left lumbotomy in line with the 10 th rib, the retroperitoneal exposure was obtained with Leriche retractors maintained on a standard Martin's arm. A retrorenal approach was then carried out, and a surgical pad was placed under the superior pole in order to position the kidney. The control of the artery and the principal renal vein was carried out with vessel loops, and the dissection was continued towards the renal hilum, in order to be able to mobilize the artery. The 3D arteriography with volume rendering made it possible for the operator to visualize and progressively dissect the aneurysm with the control of the efferent arteries. This imaging technique is complementary to the CT-scan with contrast injection, and is now routinely used in our team. The relations between the aneurysm and the renal pelvis are not always well defined before the operation and may justify ex vivo repair in the event of inaccessible posterior localization of the aneurysm. An aneurysm located very near to the renal parenchyma with a risk of injury to the efferent branches during their control also justifies an ex vivo repair. The sequential clamping of the various branches generally allows repair with a short time of clamping without a complete exclusion of the renal parenchyma.

Hilum inflammation is sometimes present, in particular after an endovascular procedure. It represents a challenge for the exposure but does not compromise in situ repair. Contrary to Pfeiffer et al., [START_REF] Pfeiffer | Reconstruction for renal artery aneurysm: operative techniques and long-term results[END_REF] we do not use a cooling solution to preserve the kidney in case of in situ surgery. Duran et al [START_REF] Duran | Reconstruction for renal artery aneurysms using the tailoring technique[END_REF] et Duprey et al [START_REF] Duprey | Editor's Choice -Ex vivo Renal Artery Repair with Kidney Autotransplantation for Renal Artery Branch Aneurysms: Long-term Results of Sixty-seven Procedures[END_REF] publiaient en 2016 une série de 84 et 67 reins opérés respectivement in situ et ex situ. In 2016, Duran et al. [START_REF] Duran | Reconstruction for renal artery aneurysms using the tailoring technique[END_REF] and Duprey et al. [START_REF] Duprey | Editor's Choice -Ex vivo Renal Artery Repair with Kidney Autotransplantation for Renal Artery Branch Aneurysms: Long-term Results of Sixty-seven Procedures[END_REF] reported 84 and 67 kidneys operated in situ and ex situ, respectively. 30-day morbidity and mortality were 16% and 12%, and 1.3% and 0%, respectively. Long-term patencies were also comparable, 92.3% at 48 months for Duran, and 91% at six years for Duprey. The two approaches were thus sure and reproducible. As Lacombe proposed, [START_REF] Lacombe | Aneurysms of the renal artery[END_REF] we choose ex vivo surgery when required.

In parallel, the endovascular techniques improved, as a result of the expertise of neuroradiology, using coil embolization, eventually assisted by balloon, and stenting eventually assisted by coil embolization or adhesives. In a retrospective study covering the period 2000-2006, Hislop et al. observed a significant increase in the use of endovascular techniques to treat RAAs. [START_REF] Hislop | Therapy of Renal Artery Aneurysms in New York State: Outcomes of Patients Undergoing Open and Endovascular Repair[END_REF] Their study based on the SPARCS register of the State of New York, an equivalent of the French PMSI register, compared ENDO and OPEN cohorts.

During this period, the total number of procedures and the number of endovascular procedures increased significantly (p<0.001). The patients hospitalized in urgency were more likely to have endovascular techniques than open surgery (p<0.001). The number of aneurysms treated by conventional surgery remained stable (p=0.10). There was no difference significant in mortality between the ENDO and the OPEN groups. The authors wondered about this significant increase in the number of treated RAAs, which could be related to a more frequent diagnosis but also to on an evolution of operative indications and surgical techniques. Unfortunately, the study was only based on coding, which did not make it possible to precise the location of the aneurysms or to know the technique used. In 2013, Tsilimparis compared conventional and endovascular surgery and reported comparable results in terms of patency and renal function. [START_REF] Tsilimparis | Endovascular vs open repair of renal artery aneurysms: outcomes of repair and long-term renal function[END_REF] Although non-significant (p=0.51), a difference was observed in the treated of hilar RAAs, with a more complex anatomy, which profited more of conventional surgery than endovascular techniques.

Several series of endovascular treatment of RAAs reported good morphological and clinical results, but in small numbers of patients. [START_REF] Zhang | Endovascular treatment of renal artery aneurysms and renal arteriovenous fistulas[END_REF][START_REF] Eldem | Endovascular treatment of true renal artery aneurysms: a single center experience[END_REF][START_REF] Bracale | Stentassisted detachable coil embolization of wide-necked renal artery aneurysms[END_REF] In a study published in 2018, Eldem defined as technical success the exclusion of the aneurysm or the correct deployment of the stent. [START_REF] Eldem | Endovascular treatment of true renal artery aneurysms: a single center experience[END_REF] Technical success was obtained in all the aneurysms treated with coils but efferent branches were lost, causing localized infarctions. There is definitely place for the endovascular treatment of troncular RAAs, but these techniques do not seem yet sufficient for hilar or post-hilar RAAs with several efferent branches. Table IV depicts the results of the various published series.

Our population is small, but representative of RAAs. The retrospective character of the study remains the principal bias of our study. The study of the files did not make it possible to record the pre and postoperative standardized blood-pressure measurements from all the patients. Moreover, the data were only gathered from the patients operated in our department.

The patients with monitored asymptomatic RAAs were not included. And finally, we did not include the patients treated by the interventional radiologists.

CONCLUSION

This study confirms the good early and late results of conventional surgery for RAA.

Increasing access to imaging on sections with contrast injection will certainly allow a more frequent fortuitous diagnosis of RAAs. Conventional surgery generally performed in situ and with direct reconstruction remains sure and effective for the treatment of RAAs. This demanding surgery performed for a rare disease however requires to be realized in experienced centers. A prospective national register would make it possible to track the patients operated or not for RAA, and to establish treatment recommendations. In order to compare endovascular and conventional surgery, a prospective randomized study appears necessary, but it not easy to set up in this rare disease in which the success of the treatment depends from the experience of the surgical team. 

LEGEND OF FIGURES

  Nous avons étudié rétrospectivement les dossiers de tous les patients opérés conventionnellement d'AAR de janvier 2009 à décembre 2018 dans notre centre. Nous avons utilisé les codes EDFA001, EDFA008, EDKA002, EDMA003 et EDMA004 de la classification commune de l'assurance maladie pour recueillir les patients. Les données démographiques, cliniques (HTA et traitement), biologiques (fonction rénale MDRD), morphologiques (imagerie injectée), et fonctionnelles (écho-doppler et index de résistance rénal) pré et post-opératoires étaient relevées dans les dossiers des patients. We retrospectively studied the files of all the patients operated for RAA in our center by conventional surgery between January, 2009 and December, 2018. We used EDFA001, EDFA008, EDKA002, EDMA003 and EDMA004 codes of the common classification of the Health Insurance to include the patients. Demographic, clinical (HBP and treatment), biological (renal function MDRD), morphological (imaging with injection), and functional (echo-Doppler and renal index of resistance) pre and postoperative data were obtained from the patient files. The circumstances of diagnosis of RAAs and the symptoms were registered.
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 1 Fig. 1. Preoperative renal arteriography (A, B, C, E) and CT-scan with contrast injection (D)

Fig. 2 .

 2 Fig. 2. 3-D left renal arteriography for the preoperative study of a 22 mm left hilar aneurysm.
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 3 Fig. 3. In situ repair of a 30mm left RAA. A, 3D arteriography study of the morphology of the

  

  

Table I .

 I Characteristics of the 19 operated patients

	Women	13	68%
	Average age (years)	55 +/-12	
	Single kidney	3	16%
	Bilateral aneurysms	5	26%
	HBP	9	47%
	Overweight	6	32%
	Active or stopped smoking	7	24%
	Diabetes	1	5%
	Dyslipidemia	4	21%
	Normal preoperative renal function	19	100%
	Particular genetic terrain	2	10%
	Type I neurofibromatosis	1	
	Marfan	1	

Table II .

 II Operative indications for the 20 operated kidneys

		Operated kidneys (N)	%
		20	
	Aneurysmal diameter > 20 mm	11	55
	Post-rupture		5
	Macroscopic hematuria		5
	Aneurysmal diameter < 20 mm		45
	Chronic lumbar pain		10
	HBP		15
	Simultaneous aortic repair and HBP		5
	RAA with rapid growth (4 mm over two years)		5
	RAA > 18 mm		10

monitored 43 out of 59 aneurysms, including three > 2 cm and ten symptomatic RAAs, with