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La dysfonction érectile

La dysfonction érectile (DE) est définie comme l'incapacité pour un homme d'acquérir ou maintenir une érection permettant un rapport sexuel satisfaisant, depuis plus de 3 mois (1).

Celle-ci peut être psychogène, organique ou mixte.

Un grand nombre de pathologies peuvent contribuer au développement d'une DE organique, principalement via un dysfonctionnement endothélial (diabète, syndrome métabolique, hypertension, cardiopathie ischémique, tabagisme...) [START_REF] Giuliano | Erectile dysfunction[END_REF].

Cette DE a un impact important sur la qualité de vie des hommes mais aussi de leurs partenaires. [START_REF] Adeldaeim | Prognostic Indicators for Successful Low-intensity Extracorporeal Shock Wave Therapy Treatment of Erectile Dysfunction[END_REF].

La prévalence de ce trouble varie entre 30 et 65% chez les hommes âgés de 40 à 80 ans (4) et augmente du fait d'un vieillissement de la population, de plus en plus comorbide. Ainsi, la DE devrait affecter environ 1/3 milliard de patients d'ici 2025. [START_REF] El-Shaer | Intra-cavernous injection of BOTOX ® (50 and 100 Units) for treatment of vasculogenic erectile dysfunction: Randomized controlled trial[END_REF].

Ce syndrome, commun mais complexe, représente ainsi un défi médical important par ses conséquences socio-médicales et économiques. Les options thérapeutiques actuelles, allant des inhibiteurs de la phosphodiestérase de type 5 (iPDE5) à l'injection intra caverneuse de prostaglandine E1, bien qu'efficaces, ont de multiples limites :

-Certains patients n'obtiennent pas une réponse adéquate. Jusqu'à 35% des patients atteints de DE ne répondent pas aux iPDE5 [START_REF] Wang | Low intensity extracorporeal shockwave Therapy shifts PDE5i nonresponders to responders[END_REF].

-Ces traitements ne sont pas dénués de risque. Les patients peuvent avoir peur des complications et demandent des méthodes plus naturelles. [START_REF] Vinay | Penile low intensity shock wave treatment for PDE5I refractory erectile dysfunction: a randomized double-blind shamcontrolled clinical trial[END_REF] -Les traitements doivent être appliqués juste avant les rapports sexuels, ce qui manque de spontanéité. [START_REF] Ortac | The impact of extracorporeal shock wave therapy for the treatment of young patients with vasculogenic mild erectile dysfunction: A prospective randomized single-blind, sham controlled study[END_REF] -Le dernier point noir de ces thérapeutiques est qu'elles ne permettent qu'un soulagement temporaire des symptômes, mais aucune amélioration permanente. En cas d'échec, la pose d'un implant pénien peut être proposée, ce qui reste une solution palliative et oblige à un passage au bloc opératoire.

C'est pour tenter de remédier à ces défauts que de nouvelles prises en charge sont en cours d'étude.

II. La thérapie par ondes de choc extracorporelles de faible intensité (TOCEFI)

Les thérapies régénératives visent à restaurer la fonction par le renouvellement des tissus humains. Parmi elles, on peut citer la thérapie par ondes de choc extracorporelles de faible intensité (TOCEFI), le plasma riche en plaquettes (PRP) et la thérapie par cellules souches (TSC) [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF].

La thérapie par ondes de choc extracorporelles est déjà bien connue et utilisée dans la pratique courante en urologie. En effet, elle a été utilisée pour la première fois en 1980 et reste d'actualité pour traiter les calculs rénaux.

La TOCEFI a depuis été développée pour le traitement de divers troubles pour lesquels une amélioration de l'apport sanguin s'est avérée bénéfique, tels que les pathologies musculosquelettiques, les plaies chroniques ou encore les pathologies cardiovasculaires. [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF] La littérature scientifique sur la TOCEFI ne démontre aucun effet indésirable majeur.

C'est en 2010 que la TOCEFI a été testée pour la première fois comme modalité de traitement non invasif de la DE, par Vardi et al [START_REF] Vardi | Can Low-Intensity Extracorporeal Shockwave Therapy Improve Erectile Function? A 6-Month Follow-up Pilot Study in Patients with Organic Erectile Dysfunction[END_REF].

A. Mode d'action supposé

La TOCEFI est censée améliorer voire inverser les dommages tissulaires qui causent la dysfonction érectile [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF]. De nombreuses théories ont été proposées, parfois contradictoires, sur son mécanisme d'action [START_REF] Raheem | Novel Treatments of Erectile Dysfunction: Review of the Current Literature[END_REF].

Lorsque les ondes de choc sont appliquées sur un organe, elles transportent une énergie qui peut être concentrée pour affecter une région anatomique sélectionnée. Cette énergie est transmise aux tissus par des mécanismes complexes : par contrainte directe de cisaillement (par les ondes de choc elles-mêmes), via l'éclatement des bulles de cavitation générées par la pression négative produisant des ondes d'énergie secondaires (appelées microjets) et enfin par des effets thermodynamiques [START_REF] Li | Low-intensity extracorporeal shock wave therapy for male chronic pelvic pain syndrome: a systematic review and meta-analysis[END_REF].

Le microtraumatisme, par le processus de mécanotransduction, active de multiples voies de signalisation permettant in fine la régénération des tissus.

La TOCEFI peut améliorer la dysfonction érectile via 5 mécanismes principaux, travaillant en synergie : l'amélioration de la circulation, le recrutement et l'activation des cellules souches, la régulation immunitaire, la réduction de la fibrose et la régénération nerveuse.

Il est suggéré que les effets à court terme sont en lien avec les modifications de la microcirculation mais que les effets sont maintenus sur le long terme via une action antiinflammatoire.

La TOCEFI a été étudiée dans divers modèles animaux -en utilisant différents protocoles de Dans les cellules endothéliales, les ondes de choc activent la signalisation des protéines transmembranaires telles que la cavéoline-1 et la bêta-1-intégrine. Ces protéines, agissant comme des mécanocapteurs, entrainent une augmentation de l'expression du VEGF et de l'eNOS.

a. Vasodilatation et NO

La TOCEFI peut entraîner une augmentation de la production de NO via la production de l'eNOS et du nNOS, ainsi que du GMPc, entraînant une dilatation des vaisseaux préexistants.

Cela pourrait expliquer pourquoi certains patients signalent une amélioration de la fonction érectile dans les 24 à 48 heures suivant leur première séance d'ondes de choc.

b. Angiogenèse

Des études ont rapporté une régulation à la hausse des facteurs de croissance angiogéniques (tels que le VEGF-A, son récepteur VEGFR-2, l'angiopoïétine...) après TOCEFI dans les 24 heures post-traitement, avec des effets anti-athérosclérotiques protecteurs sur les cellules endothéliales existantes mais aussi une néovascularisation augmentant la perfusion tissulaire.

La néovascularisation est maximale 4 semaines après le traitement [START_REF] Vardi | Can Low-Intensity Extracorporeal Shockwave Therapy Improve Erectile Function? A 6-Month Follow-up Pilot Study in Patients with Organic Erectile Dysfunction[END_REF].

Recrutement et activation des cellules souches

Il a également été postulé que la thérapie par ondes de choc peut stimuler le recrutement et l'activation des cellules souches, via la voie de signalisation du SDF-1. Les cellules progénitrices résidentes et nouvellement recrutées sont activées et peuvent aider à la réparation des tissus érectiles endommagés. 

Régulation immunitaire

Dans

Réduction de la fibrose

La néovascularisation améliore l'apport sanguin et augmente l'activité des macrophages, augmentant in fine la réparation tissulaire. Il a été démontré que la TOCEFI réduit la fibrose par la stimulation des fibroblastes et de la production de collagène. La TOCEFI active l'autophagie et diminue efficacement l'apoptose. Elle ne semble pas favoriser la formation de cicatrices chéloïdes.

Régénération nerveuse

Il semble que la TOCEFI puisse soutenir la régénération nerveuse en stimulant directement la prolifération neuronale via le BDNF, ou indirectement via l'activation de fonctions de soutien telles que les cellules de Schwann et l'angiogenèse. De plus, un effet anti-inflammatoire de la TOCEFI à travers le récepteur 3 de type Toll pourrait également être impliqué dans l'effet neuroprotecteur. Par ailleurs, il est démontré que le VEGF joue un rôle neuroprotecteur direct [START_REF] Sokolakis | Effects of low-intensity shock wave therapy (LiST) on the erectile tissue of naturally aged rats[END_REF].

La TOCEFI semble modifier le rapport d'expression des récepteurs adrénergiques dans les corps caverneux (augmentation de l'expression du récepteur α2-adrénergique et diminution simultanée de l'expression du récepteur α1-adrénergique), indiquant une diminution possible de l'activité sympathique. with a placebo treatment (3600 shocks x 4 at 0mJ/mm 2 ) to improve erectile function at 3 months. We used the Renova® device (Direx, Israel) wich incorporates an electromagnetic shockwave linear transducer operable to deliver focused shockwaves in a male patient sexual organ. Inclusions took place in 5 centers, from July 2015 to March 2018. We included 153 men under the age of 80 suffering from ED for at least 6 months, in a stable relationship for more than 3 months, reporting more than 3 sexual acts per month, an IIEF-EF score between 6 and 25, and an EHS score ≥ 1.

Results : There was a change of +2 points of IIEF-EF in the treated group compared to 0.6 points in the placebo group (p=0.052). The variation in IIEF-EF is significantly higher in young patients with a good prognosis ED. The difference between 4 and 8 weeks of TOCEFI is not significant (p=0.760). The improvement in ED is greater under iPDE5 than under TOCEFI (p<0.001). No major adverse effects were reported.

Discussion : The various studies available in the literature highlight a significant heterogeneity of results through the use of very different machines and protocols. The benefit that can be expected from shockwaves seems modest and includes a significant placebo effect. Other protocols remain to be studied (change in frequency, intensity, number of sessions, etc.).

Conclusion : This LiESWT protocol does not seem effective in the treatment of ED.

Keywords : Low-Intensity Extracorporeal shockwave therapy, Erectile dysfunction, IIEF-EF

INTRODUCTION

Erectile dysfunction (ED) is defined as the inability of man to acquire or maintain an erection in order to achieve satisfactory sexual performance, with the course of disease lasting for more than 3 months (1). ED can be psychogenic, organic or a mix of both. There are a large number of disorders known to contribute to the development of organic ED, mostly via endothelial dysfunction (diabetes, metabolic syndrome, hypertension, ischemic heart disease, smoking…) [START_REF] Giuliano | Erectile dysfunction[END_REF]. As demonstrated by quality of life studies, ED has an important impact on the quality of life of men and their partners [START_REF] Adeldaeim | Prognostic Indicators for Successful Low-intensity Extracorporeal Shock Wave Therapy Treatment of Erectile Dysfunction[END_REF].

Its prevalence varies between 30 and 65% in men aged 40 to 80 years old (4) and is rising by the increase of age and comorbid conditions. Thereby, ED is anticipated to affect about 1/3 billion patients by the year 2025 (5).

Thus, this common and often complex condition represents a significant medical challenge with a huge sociomedical and economical burden. Current therapeutic pharmacological options, ranging from phosphodiesterase type 5 inhibitors (PDE5i) to intracavernous injection of prostaglandin E1, although effective, have multiple limitations : [1] Some patients do not achieve an adequate response, as up to 35% of ED patients do not respond with PDE5i (6) ; [START_REF] Giuliano | Erectile dysfunction[END_REF] These carry risks of adverse events, and patients can be afraid of complications -this can lead to the demand for more natural methods [START_REF] Vinay | Penile low intensity shock wave treatment for PDE5I refractory erectile dysfunction: a randomized double-blind shamcontrolled clinical trial[END_REF] ; [START_REF] Adeldaeim | Prognostic Indicators for Successful Low-intensity Extracorporeal Shock Wave Therapy Treatment of Erectile Dysfunction[END_REF] Treatments need to be applied at the appropriate time prior to sexual intercourse, taking the spontaneity out of sex (8) ; [START_REF] Ochoa | Traitement de la dysfonction érectile par ondes de choc extracorporelles de faible intensité : revue de la littérature[END_REF] Finally, these solely provide temporary symptom relief but no permanent improvement. In case of failure, vacuum device or placement of a penile implant can be proposed, remaining a palliative solution.

The restoration of natural erections, with a simple and safe technique is the ultimate goal.

This is why regenerative therapies -which aim to restore function via regeneration of human tissues -are currently under the spotlight. Among these therapeutics, we can mention lowintensity extracorporeal shockwave therapy (LiESWT), platelet rich plasma (PRP) and stem cell therapy (SCT) [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF].

Historically, extracorporeal shockwave therapy was first used in 1980 to treat renal calculi.

Low intensity extracorporeal shock wave therapy (LiESWT) has since been developed for the treatment of various disorders for which an improvement of blood supply has been found to 29 be beneficial, such as musculoskeletal pathologies, chronic wound treatments and several cardiovascular pathologies [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF].

LiESWT is supposed to improve or even reverse the pathologic damage of tissue that causes ED [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF]. When LiESWT is applied to a tissue, the relatively weak yet focused shock waves interact with targeted deep tissue causing mechanical stress [START_REF] Inoue | Effect of penile rehabilitation with low intensity extracorporeal shock wave therapy on erectile function recovery following robot-assisted laparoscopic prostatectomy[END_REF]. The body seems to respond by upregulating several physiologic processes which may further contribute to circulation improvement, stem cell recruitment and activation, immune regulation, fibrosis reduction and nerve repair [START_REF] Liu | Revisiting the Regenerative Therapeutic Advances Towards Erectile Dysfunction[END_REF]. The scientific literature on LiESWT demonstrates no major adverse effects, indicating a fairly innocuous treatment option.

LiESWT was introduced as a noninvasive treatment modality for ED by Vardi et al in 2010 [START_REF] Vardi | Can Low-Intensity Extracorporeal Shockwave Therapy Improve Erectile Function? A 6-Month Follow-up Pilot Study in Patients with Organic Erectile Dysfunction[END_REF].

Since then, several studies have shown encouraging results of LiESWT for patients with ED, with, however, a heterogeneity of the results, processing machines and protocols [START_REF] Palamara | Etude de cohorte préliminaire sur les ondes de choc basse intensité admnistrées par le patient lui-même (auto-traitement) pour dysfonction érectile[END_REF]. In addition, there has been a low number of sham-controlled multicenter randomized trials and the majority of studies investigate small samples, from one center and followed only in the short term. Many issues need to be investigated further, such as appropriate protocol, energy density, numbers of pulses, treatment duration and interval.

The objective of the present trial was to conduct a multicenter, independent, randomized, controlled study evaluating the efficacy of LiESWT for ED comparing two energy regimens and PDE5i.

MATERIALS AND METHODS

The study was carried out as a prospective, randomized 1:1, multicenter, double blind clinical trial (Clinical Trial Number NCT02304679, ID-RCB 2014-A00486-41).

RECRUITMENT

During routine care, patients consulting for ED were first asked about their medical history and current health status, examined and then prescribed various blood tests before returning for a second visit during which an appropriate treatment decision was made by the physician.

Participants were screened during these first visits. Patients were informed about the study, aims and constraints, and their rights. All participants gave written and oral informed consent before inclusion. When subjects met the inclusion criteria and returned the signed consent form, they could enter the trial.

Detailed inclusion and exclusion criteria are listed in Table 1.

Table 1 : Inclusion and exclusion criteria

DEVICE

RENOVA® (Direx Group Ltd, Israel) is a transportable device wich incorporates an electromagnetic shockwave linear transducer operable to deliver focused shockwaves in a male patient sexual organ (penile shaft and crura). RENOVA®'s electromagnetic generator delivers shocks with a maximum energy density of 0.09mJ/mm and a maximum rate of 300 PPM (5 Hz), therefore, a treatment session of 3600 shocks lasts approximately 15 minutes. It is the first shockwave system specially dedicated for ED, as it spans the entire area of the organ (up to 70 mm) and thus can apply shockwaves with greater precision.

The device is self-contained and includes all necessary mechanical and electrical modules to perform and control these treatments. Three months later, the two groups received a second round of active LiESWT (M4 to M5).

This second sequence was necessary to guarantee patient recruitment (all patients included in this protocol were sure to receive shock wave therapy), and for comparing the relative effects of 1 versus 2 sequences of shock wave therapy on EF.

The treatment protocol proposed by the manufacturer and used in the reported study (Reisman et al. (38)) consists of four weekly treatment sessions. During each session, 3600 shockwaves (energy flux density 0.09 mJ/mm², frequency 5 Hz) were applied to both corpora cavernosa and crura (900 pulses/area). Treatment was repeated after a 3-months break. In total, 28800 shockwaves were delivered during a period of 8 weeks in the active group.

With the subject placed on an examination table, the physician places the probe against the ventral part of the penis and moves the dispositive around the penis (right and left corpus cavernosum) and crura (right and left).

Sham sessions were "externally" identical in appearance to true shock wave therapy and operated by a physician who would not be part of the evaluation, so the patient and the physician who followed and evaluated the patient could not be aware of arm assignments.

Internal software generated a noise (a "boom") each time a shock was delivered no matter whether it was real or sham. During the sham treatments, no energy was deleiver to the penis.

During each session, participants were asked about any discomfort during application.

Subjects received a phone number, which was available 24 hours per day for 7 days per week, allowing them to contact a member of the medical team for any complication.

For ethical reasons, after the visit and the evaluation at 3 months of the last active treatment (M8), patients were authorized to use a symptomatic treatment for erectile dysfunction (iPDE5, Vacuum or Intracavernous injection of PGE1) according to the prescriptions of their physician.

The evaluation 12 months after the last active treatment (M17) was preceded by another wash-out period (period without any symptomatic treatment for ED) of 4 weeks in order to obtain an evaluation of the effect of LiESWT at 12 months not influenced by the effect of other treatments.

RANDOMIZATION

The RENOVA® devices used in this study were equipped with integrated randomized study software. The device's internal computer used a random generator to determine arm assignment. Access to arm assignments was made via connection parameters known only by the methodologist of the study. The randomization was stratified on the center.

In order to ensure the initial comparability of the 2 groups, randomization occurred just before the beginning of the treatment under study (4 weekly shock wave or sham treatments).

BLINDING

The double-blind nature of this study was guaranteed via sham therapy sessions that were directly programmed via the randomization procedure in the RENOVA machines dedicated to this protocol.

The questionnaires were filled-out by the patient and placed in specifically provided envelopes. Investigators couldn't have any knowledge of questionnaire responses neither of the treatment received by the patient.

MAIN OUTCOME MEASURES

The 

STATISTICS

We calculated the number of needed patients according to Vardi et 

ETHIC

The investigators participating in this study are all members of the French Urology Association (AFU).

The AFU has approved and fully supported the implementation of this study.

We obtained national review board approval (ID-RCB 2014-A00486-41). This study was registered in ClinicalTrials.gov with ID NCT02304679 with the name « Shock-ED ».

The investigators undertook to work in accordance with Good Clinical Practice as described in the decision taken on November, 24th 2006 by the Ministry of Health and Solidarity, and in accordance with the regulations in force (French Code of Public Health).

FOUNDING

The study has been founded by the French Ministry of Health (National PHRC 2013), Direx provided the devices in each center and received 400 euros by patient treatment session.

RESULTS

PATIENTS SELECTION AND BASELINE CHARACTERISTICS

We prospectively included 153 patients (78 for the treatment group and 75 for the sham group) from 5 french medical centers. Patients were recruited between July 2015 and March 2018. A patient flow diagram is presented in Figure 3.

Medical characteristics at inclusion, erectile dysfunction characteristics and treatment prior

to the study are presented in Tables 2 and3. Participants were mostly middle-aged men with long-lasting mild to moderate ED, with a high prevalence of cardiovascular risk factors, treated with PDE5i. No difference was noted between patients in the two groups. Patients pre included and not randomized had similar characteristics. 

Table 2 : Characteristics at inclusion

PRIMARY OBJECTIVE

Three months after the first series of treatments with LiESWT or placebo (between M0 and M4), the IIEF-EF score increased by 2 points in the treated group against 0.6 points in the placebo group.

In the multivariate analysis (adjusting for age, initial IIEF-EF score, PDE5i responder status and center), the variation between M0 and M4 of the IIEF-EF score presents a tendency to be higher in the placebo group than in treated group (4.01 points more, CI95% = (0.001, 8.01), p=0.052).

The overall variation of IIEF-EF in the two arms is significantly higher in the PDE5i responder group (4.20 points more, CI95% = (0.81, 7.58), p= 0.017), in younger patients (-0.14 pts of IIEF-EF per year, CI95% = (-0.23, -0.05), p=0.002) and in the case of non-severe ED (-0.31 pts of IIEF-EF per points of IIEF-EF score at M0, CI95% = (-0.47, -0.14), p<0.001).

It is to be noted that the results of the model adjusted on the Per-Protocol population are similar to those of the Intention To Treat analysis.

Additional analysis taking into account the severity of ED at M0 and the etiology of ED (psychogenic, organic and mixed) in the adjustment variables shows that the variation between M0 and M4 of the IIEF-EF score presents a lower trend in the case of an organic etiology to ED (organic versus psychogenic : 0.86 points less, CI95% = (-3.93, 2.22), p=0.587).

Importantly, in both groups, some patients have resumed their own ED treatment by PDE5i, 

PGE1

SECONDARY OBJECTIVES

Looking at the evolution of IIEF-EF over time, the treatment arm has no significant effect on the evolution of the IIEF-EF score (p=0.513 for the arm and p=0.168 for its interaction with time).

The difference between 4 weeks of shock wave treatment (M0 to M4) and 8 weeks of shock wave treatment (M4 to M8) is not significant (only + 0.4 points of IIEF-EF (SD 9.7), p=0.760, in Arm A).

In arm A, the categorical improvement rate between M0 and M4 is not significantly different from that between M4 and M8 (28.8% versus 28.2%, p=1). Evolution of patients reaching MCID during the study is presented in Table 5.

Figure 4 : IIEF-EF evolution

Table 5 : Patients reaching MCID over the time

OTHER MEASURES

The remaining domains of the IIEF score (orgasmic function IIEF-OF, sexual desire IIEF-SD, intercourse satisfaction IIEF-IS, overall satisfaction IIEF-OS) and other validated measures of EF (SEP2, SEP3, GAQ, EHS) were compared between the two groups. All analysis were adjusted for age, initial IIEF-EF score, responder status to PDE5i and center.

IIEF-OF

The variation between M0 and M4 of the IIEF-OF score is 2.28 higher in the placebo group than in the treated group but this difference is not significant (p=0.110).

In the same way, the IIEF-OF score is 0.11 higher in the placebo group than in the treated group but this difference is not significant (p=0.850) between M0 and M8.

Overall, the treatment arm has no significant effect on the evolution of the IIEF-OF score (p=0.714 for the arm and p=0.389 for its interaction with time).

Figure 5 : IIEF-OF evolution

IIEF-SD

The variation between M0 and M4 of the IIEF-SD score is not significantly different between the 2 arms (p=0.862).

The variation between M0 and M8 of the IIEF-SD score is lower by 1.43 in the placebo arm than in the treated arm but this difference is not significant (p=0.117).

The overall evolution of the IIEF-SD score is significantly different between the 2 arms (p=0.004 for the interaction between the arm and time). It is similar in the 2 arms up to M6 then the score is higher in the treated arm than in the placebo arm from M8. The difference between the 2 arms increases up to M17. Only the difference at M14 is significantly different between the 2 arms (p=0.047). A trend is observed at M17 (p=0.068).

Figure 6 : IIEF-SD evolution

SEP

The proportions of successful penetration (SEP2) and sufficiently long erection (SEP3) were calculated for patients who had had at least 4 intercourses since the last visit.

In arms A and B respectively, 37 (56.9%) and 29 (47.5%) patients had had at least 4 intercourses since the last visit at visits M0 and M4. In the same way, 31 (54.4%) and 27 (51.9%) patients had had at least 4 intercourses since the last visit at visits M0 and M8. The following analysis (SEP 2 and SEP 3) focused on these patients. The variation in the proportion of successful penetration (SEP 2) is 10% lower in the placebo group than in the treated group between M0 and M4 (p=0.199) and is not different between the two arms (p=0.897) between M0 and M8.

Overall, the treatment arm has no significant effect on the change in the proportion of successful penetration (p=0.188 for the arm and p=0.207 for its interaction with time). The variation of the proportion of success of a sufficiently long erection (SEP3) is 10% lower in the placebo group than in the treated group (p=0.031) between M0 and M4 and is not different between the 2 arms (p=0.638) between M0 and M8.

The overall evolution of SEP3 is significantly different between the 2 arms (p=0.008 for the interaction between the arm and time). It is firstly higher in the placebo group than in the treated group (only the difference at M2 is significant with p=0.029, the difference observed at M8 is not with p=0.122) but it is reversed at M14, without significance being reached (p=0.146).

Figure 11 : Evolution of SEP3

Although the difference is less marked, similar results are observed comparing the M-2 and M-1 to M0 and M8 periods (Table 7). On both arms, the categorical improvement rate between M0 and M8 is significantly lower than between M-2 and M-1 (p=0.028). In arm B, the categorical improvement rate between M0 and M8 tends to be lower than between M-2 and M-1 (p=0.091). Again, LiESWT improves fewer patients than PDE5i.

The difference tends to disappear over time as we can see comparing the M-2 and M-1 to M0 and M17 periods (Table 8). The categorical improvement rate between M0 and M17 is not significantly different from that between M-2 and M-1, whether by arm or on all 2 arms.

SIDE EFFECTS

Overall, 210 adverse events have been identified during the study in randomized patients, 112 in the treated group and 98 in the placebo group. All adverse events were taken into account, but very few seemed to be truly related to treatment (including urgenturia, dysuria, skin excoriation of the penis, temporary erythema of the sheath of the penis or glans, blood in the urine…), and none of it was severe.

Table 9 : Adverse effects

Some experimental studies also tried to provide a scientific rational on the effect of schockwaves on penile tissue. The LiESWT pathway for tissue regeneration is not yet fully understood (see Annex 2 : Physiopathology).

This apparent effectiveness is the reason why the European Association of Urology (EAU) currently authorizes the use of LiESWT as a treatment for ED [START_REF] Hatzichristou | Low-Intensity Extracorporeal Shock Waves Therapy (LI-ESWT) for the treatment of erectile dysfunction: Where do we stand?[END_REF].

We followed the same protocol and used the same device as Reisman et al. [START_REF] Reisman | ) 4-La plupart du temps (beaucoup plus qu'une fois sur deux) 5-Presque tout le temps ou tout le temps Q2. Lorsque vous avez eu des érections, à la suite de stimulations sexuelles, à quelle fréquence votre pénis a-t-il été suffisamment rigide (dur) pour permettre la pénétration ? 1-Presque jamais ou jamais 2-Rarement (beaucoup moins d'une fois sur deux) 3-Quelques fois (environ une fois sur deux) 4-La plupart du temps (beaucoup plus qu'une fois sur deux) 5-Presque tout le temps ou tout le temps Q3. Lorsque vous avez essayé d'avoir des rapports sexuels, à quelle fréquence avez-vous pu pénétrer votre partenaire (introduction du pénis dans le vagin) ? 1-Presque jamais ou jamais 2-Rarement (beaucoup moins d'une fois sur deux) 3-Quelques fois (environ une fois sur deux) 4-La plupart du temps (beaucoup plus qu'une fois sur deux) 5-Presque tout le temps ou tout le temps Q4. Pendant vos rapports sexuels, à quelle fréquence avez-vous pu rester en érection après avoir pénétré votre partenaire (introduction du pénis dans le vagin) ? 1-Presque jamais ou jamais 2-Rarement (beaucoup moins d'une fois sur deux) 3-Quelques fois (environ une fois sur deux) 4-La plupart du temps (beaucoup plus qu'une fois sur deux) 5-Presque tout le temps ou tout le temps Q5. Pendant vos rapports sexuels, à quel point vous a-t-il été difficile de rester en érection jusqu'à l'orgasme ? 1-Presque jamais ou jamais 2-Rarement (beaucoup moins d'une fois sur deux) 3-Quelques fois (environ une fois sur deux) 4-La plupart du temps (beaucoup plus qu'une fois sur deux) 5-Presque tout le temps ou tout le[END_REF] 

For ten years, published studies have used a wide range of LiESWT protocols : energy flux density (EFD) from 0.09 to 0.25 mJ/mm2, ranging from 300 to 2,000 shockwaves per session, session frequency once or twice per week, total number of sessions from 4 to 12 (24)… Kalyvianakis et al. [START_REF] Kalyvianakis | Lowintensity shockwave therapy (LiST) for erectile dysfunction: a randomized clinical trial assessing the impact of energy flux density (EFD) and frequency of sessions[END_REF] tried to determine the best treatment modalities, and concluded that patients may benefit equally when sessions are applied either two or three per week in a 12 sessions protocol. There may be a slight energy dose-dependent effect, with a trend for greater efficacy with EFD 0.10 mJ/mm 2 compared with EFD 0.05 mJ/mm 2 . However, this did not reach statistical significance. Contrastingly to what has just been said, Lu et al. found that variation in machine design, application technique and protocol did not impact their outcomes [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF]. Ultimately, establishing the best protocol appears to be a real challenge. Perhaps different treatment protocols should be applied, depending on the severity or type of erectile dysfunction [START_REF] Sokolakis | The Basic Science Behind Low-Intensity Extracorporeal Shockwave Therapy for Erectile Dysfunction: A Systematic Scoping Review of Pre-Clinical Studies[END_REF].

Although our overall result was not conclusive, it is possible for us to establish certain population categories that seem to have a better response to LiESWT. IIEF-EF variation was significantly higher in the PDE5i responder group (4.20 points more, CI95% = (0.81, 7.58), p=0.017), in younger patients (-0.14 pts of IIEF-EF per year, CI95% = (-0.23, -0.05), p=0.002) and in the case of non-severe ED (-0.31 pts of IIEF-EF per point of IIEF-EF score at M0, CI95% = (-0.47, -0.14), p<0.001). IIEF-EF variation presents a tendency to be lower in the case of an organic etiology to ED (organic versus psychogen : 0.86 points less, CI95% = (-3.93, 2.22), p=0.587).

Thus we can postulate that LiESWT could be interesting in the early management of ED by preventing or slowing the development of irreversible damage such as cavernosal fibrosis and neuronal degeneration. Some even propose its use for purely preventive purposes in asymptomatic patients but at high risk of ED (metabolic syndrome, etc.) [START_REF] Hatzichristou | Low-Intensity Extracorporeal Shock Waves Therapy (LI-ESWT) for the treatment of erectile dysfunction: Where do we stand?[END_REF]. Conversely, it does not seem interesting to offer this treatment in elderly, comorbid patients with severe ED that has been evolving for a long time, non-responding to PDE5i. Chung and Cartmill (26) came to the same conclusions.

Yet, studies have shown that it would be possible to use LiESWT to help make patients who are PDE5i non-responders to responders. In the Wang et al. ( 6) study, among PDE5i nonresponders, 58% patients achieved erection hard enough for vaginal penetration at 8 th week post treatment and increased to 71% patients at 16 th week (EHS ≥3). Nine patients (24%) were able to stop their PDE5i treatment.

Another study by Kitrey et al. (27) showed the same results. In the LiESWT group and the sham group, 54.1% and 0% of patients respectively achieved erection hard enough for vaginal penetration (EHS≥3) with PDE5i (p<0.0001).

We did not include patients who underwent prostatectomy but studies are available about the use of LiESWT in this population. Frey et al. [START_REF] Frey | Low-intensity extracorporeal shockwave therapy in the treatment of postprostatectomy erectile dysfunction: a pilot study[END_REF] showed a median change in IIEF-5 scores of +3.5 (range -1 to 8; p=0.0049) at 1 month and +1 (range -3 to 14; p=0.046) at 1 year.

Ladegaard et al. [START_REF] Ladegaard | Erectile Dysfunction A Prospective Randomized Placebo-Controlled Study Evaluating the Effect of Low-Intensity Extracorporeal Shockwave Therapy (LI-ESWT) in Men With Erectile Dysfunction Following Radical Prostatectomy[END_REF] obtained an increase in the IIEF-5 and EHS score, but no participants were cured of ED (no one had an IIEF-5 score >22). These studies have only been carried out on very small cohorts of patients. Overall, LiESWT could be used as part of a multimodal management of postoperative EF rehabilitation, but without allowing a drastic change.

The question arises concerning the durability of this treatment effect, the aim of which is a lasting regeneration of EF over time. Chung and Cartmill (26) recently showed that after a good response, the observed clinical improvement in EF deteriorates until reaching a plateau at 40% clinical efficacy at 48-60 months post-LiESWT. The absence of penile pain and deformity at 5-year follow-up supports the long-term safety data of LiESWT.

The return of ED is not very surprising : the patient cannot be prevented from aging and his untreated cardiovascular risk factors will irremediably continue to degrade the EF.

For some, the therapeutic effect being short-lasting isn't problematic as it can be easily repeated. In France, LiESWT is not reimbursed by Social Security, and the cost of this treatment can be a hindrance for the patient. While no published literature exists as to the cost of shockwave therapy, several clinic websites currently offering the treatment in the United States or Europe cite costs of around 400 US$ per treatment or 4,000 US$ for a total regimen, though some charge as much as 1,000 US$ per treatment [START_REF] Rizk | Low-Intensity Shockwave Therapy for Erectile Dysfunction[END_REF]. A potential way to make the technique cheaper and more accessible would be to develop self-treatment. In a preliminary study carried out by our team from Nîmes on 18 patients, self-treatment is perfectly feasible after a short training and a nurse suppervision [START_REF] Palamara | Etude de cohorte préliminaire sur les ondes de choc basse intensité admnistrées par le patient lui-même (auto-traitement) pour dysfonction érectile[END_REF]. Miniaturizing the devices would make it possible to practice the treatment at home.

The use of LiESWT could be extended to other areas of urology.

Li and Man [START_REF] Li | Low-intensity extracorporeal shock wave therapy for male chronic pelvic pain syndrome: a systematic review and meta-analysis[END_REF] showed in their meta-analysis that LiESWT may transiently improve pain and urinary symptom scores of patients with chronic pelvic pain syndrome. small number of patients remains difficult, but one can imagine using LiESWT on patients after their priapism, before the installation of a penile prosthesis, in order to prevent fibrosis.

LiESWT : NOT EFFECTIVE?

Our apparent lack of effect could be explained by the simple fact that LiESWT isn't effective.

As shown above, it seems surprising given the large number of studies showing the effectiveness of LiESWT for the treatment of ED. However, the quality of the available studies is questionable as many were carried out on small samples of patients, without control, with very short follow-up, sometimes without specific details mentioned on the protocol, and probably not always independent from the manufacturer of the device. Dong et al. [START_REF] Dong | Effect of Low-Intensity Extracorporeal Shock Wave on the Treatment of Erectile Dysfunction: A Systematic Review and Meta-Analysis[END_REF] published in 2019 a meta-analysis on LiESWT to cure ED. They found 388 articles published from 2012 to 2017 but only analyzed 7 of them, showing the limited number of good quality studies. In this meta analysis, the largest sample size found was 122 male patients (Fojecki et al., 2017 (16)) and no clinically relevant effect of LiESWT on ED was found. These findings parallel those of previous reports [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF][START_REF] Man | Low-intensity Extracorporeal Shock Wave Therapy for Erectile Dysfunction: A Systematic Review and Meta-analysis[END_REF]. Even some meta analysis available can show important methodological flaws, by including unpublished data, studies at high risk of bias, studies with ED as a secondary end point, non-randomized trials and incorrect citation of IIEF data (confusion of IIEF with IIEF-EF) [START_REF] Vinay | Penile low intensity shock wave treatment for PDE5I refractory erectile dysfunction: a randomized double-blind shamcontrolled clinical trial[END_REF].

In practice, publication bias may explain why the literature shows a lot of good results, as studies that do not return the expected satisfactory result are ultimately never submitted for publication.

Another important point to keep in mind is that an increase of IIEF isn't purely sufficient to conclude that LiESWT is efficient. It has been previously determined that a change of 4 points in the IIEF-EF score is the minimal clinically important difference (MCID), which indicates a difference that might be clinically meaningful to patients and potentially change management 58 [START_REF] Clavijo | Effects of Low-Intensity Extracorporeal Shockwave Therapy on Erectile Dysfunction: A Systematic Review and Meta-Analysis -ScienceDirect [Internet[END_REF]. In some studies, LiESWT is said to be effective, but the improvement of IIEF-EF doesn't get above 4 points, like in Vinay et al. [START_REF] Vinay | Penile low intensity shock wave treatment for PDE5I refractory erectile dysfunction: a randomized double-blind shamcontrolled clinical trial[END_REF] where the median change in IIEF-EF score for the active group was 3.5 (IQR 0-10) at the 3 months follow up. In our study, the number of patients reaching MCID wasn't different in the treated versus placebo group overtime.

Throughout our study, the EF evolved overall in the same way between the treated group and the placebo group. There is therefore a gradual improvement in EF during follow-up, also observed in the placebo group. This improvement of IIEF in the placebo group has also been observed in other studies, as mentioned by Lu et al. [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF] in their meta-analysis. This can be explained by different criteria :

[1] The placebo effect itself. One can easily understand that such a management has a significant placebo effect. As no ED is fully organic or psychogenic [START_REF] Perelman | The sexual tipping point: a mind/body model for sexual medicine[END_REF] 

[3] The gradual resumption of others ED treatments in both groups. Authorizing patients to resume their personal treatment during follow-up seemed more coherent to us because of many reasons : its ethical nature, its better representation of real clinical practice (since ED care is classically multimodal) and the limitation of the number of drop-outs during follow-up.

PDE5i was shown to be more efficient than LiESWT in treating ED. For Vardi et al. [START_REF] Vardi | Does Low Intensity Extracorporeal Shock Wave Therapy Have a Physiological Effect on Erectile Function? Short-Term Results of a Randomized, Double-Blind, Sham Controlled Study[END_REF],

comparing the efficacies of an on demand treatment to a nonpharmacological rehabilitative intervention that is unrelated to the sexual act is inherently problematic. Unlike the ED naive cases in the first Sildenafil studies that had not previously experienced treatment success, those in our study had a different definition of therapeutic success because they already had a positive experience with PDE5i.

As some are already disinvesting in LiESWT, regenerative medicine for ED are currently under the spotlight. Platelet-rich plasma (PRP) is a biological therapy containing a supraphysiologic concentration of platelets, growth factors (PDGF, TGF-β, VEGF, FGF…) and other components of plasma that stimulate angiogenesis, collagen synthesis and myogenesis. The mechanism explaining the efficacy of PRP in ED is not well elucidated. Research investigating the efficacy of PRP in the treatment of ED is encouraging yet limited, with most available evidence derived from animal models [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF].

Stem cell therapy (SCT) is one of the most investigated emerging therapeutic methods for ED [START_REF] Kim | Novel Emerging Therapies for Erectile Dysfunction[END_REF]. Stem cells are clonogenic, self-renewing cells that have the ability to undergo proliferation, self-renewal, and differentiation into multiple specialized cells (smooth muscle, epithelial, Schwann and neuronal). The specific mechanism of SCT is not well defined and may vary by cell lineage. Few studies have evaluated the efficacy of SCT for the treatment of ED in humans, showing promising results. Gene therapy, an alternative form of cellular based therapy which consists of injections of novel genetic material via vector to treat disease, is another potential future therapy for ED [START_REF] Drury | Reviewing the evidence for shockwave-and cell-based regenerative therapies in the treatment of erectile dysfunction[END_REF].

STRENGTHS

Our study was a prospective multicenter study, on a large number of patients, with a placebo control and double-blind, guaranteeing a good quality study.

We have limited patient losses by our design, which promised all participants active treatment and allowed them to resume their own ED treatment if desired.

LIMITATIONS

Patients did not undergo any penile vascular study such as doppler, nocturnal penile tumescence or plethysmography. However, there is a strong correlation between the subjective report of EF recovery and objective penile hemodynamic improvements as demonstrated by previous studies [START_REF] Chung | Evaluation of Long-Term Clinical Outcomes and Patient Satisfaction Rate Following Low Intensity Shock Wave Therapy in Men With Erectile Dysfunction: A Minimum 5-Year Follow-Up on a Prospective Open-Label Single-Arm Clinical Study[END_REF].

CONCLUSION

Our LiESWT protocol did not seem effective in the treatment of erectile dysfunction. Although we have obtained encouraging results for young patients, good responders to PDE5i and whose erectile dysfunction was not severe, analyzes should be performed to confirm these findings.

The LiESWT literature available is extremely heterogeneous. The pathophysiology of this treatment, however, suggests that a beneficial effect is possible. The right protocol remains to be established, in the right population and indication, by other high-powered studies.

and overall satisfaction with the sexual act (IIEF-OS : questions 13 and 14). The rating of this scale is taken from patients' recall of their sexual experience during the last 4 weeks period.

International Index of Erectile Function -Erectile Function Domain (IIEF-EF) is currently used in all clinical trials for the development of new ED medications.

The severity of ED is categorized as severe (score of 6-10), moderate (score of [START_REF] Inoue | Effect of penile rehabilitation with low intensity extracorporeal shock wave therapy on erectile function recovery following robot-assisted laparoscopic prostatectomy[END_REF][START_REF] Vardi | Can Low-Intensity Extracorporeal Shockwave Therapy Improve Erectile Function? A 6-Month Follow-up Pilot Study in Patients with Organic Erectile Dysfunction[END_REF][START_REF] Vardi | Does Low Intensity Extracorporeal Shock Wave Therapy Have a Physiological Effect on Erectile Function? Short-Term Results of a Randomized, Double-Blind, Sham Controlled Study[END_REF][START_REF] Palamara | Etude de cohorte préliminaire sur les ondes de choc basse intensité admnistrées par le patient lui-même (auto-traitement) pour dysfonction érectile[END_REF][START_REF] Rosen | Minimal clinically important differences in the erectile function domain of the International Index of Erectile Function scale -PubMed[END_REF][START_REF] Fojecki | Effect of Low-Energy Linear Shockwave Therapy on Erectile Dysfunction-A Double-Blinded, Sham-Controlled, Randomized Clinical Trial[END_REF][START_REF] Man | Low-intensity Extracorporeal Shock Wave Therapy for Erectile Dysfunction: A Systematic Review and Meta-analysis[END_REF], mild (score of 18-25), and no ED or normal function (score of [START_REF] Chung | Evaluation of Long-Term Clinical Outcomes and Patient Satisfaction Rate Following Low Intensity Shock Wave Therapy in Men With Erectile Dysfunction: A Minimum 5-Year Follow-Up on a Prospective Open-Label Single-Arm Clinical Study[END_REF][START_REF] Kitrey | Penile Low Intensity Shock Wave Treatment is Able to Shift PDE5i Nonresponders to Responders: A Double-Blind, Sham Controlled Study -ScienceDirect[END_REF][START_REF] Frey | Low-intensity extracorporeal shockwave therapy in the treatment of postprostatectomy erectile dysfunction: a pilot study[END_REF][START_REF] Li | Low-intensity extracorporeal shock wave therapy for male chronic pelvic pain syndrome: a systematic review and meta-analysis[END_REF][START_REF] Li | Low-intensity extracorporeal shockwave therapy for Peyronie's disease: A preliminary study of 32 cases[END_REF]. All patients with an IIEF-EF domain score <26 are considered to have some degree of erectile dysfunction [START_REF] Grover | Assessment Scales for Sexual Disorders-A Review[END_REF].

The French version 2.0 of the questionnaire uses more neutral descriptions (i.e. references to "vaginal penetration" have been changed to "sexual penetration" throughout the instrument). This is a log diary that is maintained by patients after each sexual intercourse attempt. It provides information regarding whether the erection was hard enough for vaginal penetration (SEP 2), or whether penile erection was maintained for completion of the sexual act (SEP 3) or a satisfactory sexual experience (SEP 4). This scale provides accurate information regarding the precise effect and speed of onset. It is mainly used for research purposes rather than clinical settings as it is time-consuming [START_REF] Grover | Assessment Scales for Sexual Disorders-A Review[END_REF].

Global Assessment Question (GAQ) :

This has also been used in various ED treatment trials. It is a yes/no answer to the question, "Has the treatment you have been taking over the past 4 weeks improved your erections ?" (Participant is supposed to compare their current erections after treatment with their erections before starting of treatment.) (34)

Erection Hardness Scale (EHS) :

This is a self-report single-item measure that is used to rate the hardness of a penile erection on a 5-point Likert scale ranging from 0 (penis do not enlarge) to 4 (the penis is completely hard and fully rigid). This scale has good test-retest reliability, quality, and distribution of responses, known-groups validity against the IIEF and is a good measure to see treatment responsiveness in clinical trials for drug development. [START_REF] Grover | Assessment Scales for Sexual Disorders-A Review[END_REF] The patient is asked (reads) the question "How would you rate the hardness of your erection?" and then selects one of the following responses: 0: Penis does not enlarge.

1: Penis is larger but not hard.

2: Penis is hard but not hard enough for penetration.

3: Penis is hard enough for penetration but not completely hard.

4: Penis is completely hard and fully rigid. macrophages. In the penis, a decrease in RAGE after LiESWT will likely lead to a decrease in oxidative stress.

Fibrosis reduction

Neovascularization improves the blood supply and enhances macrophage activity as well as tissue repair. LiESWT has been shown to reduce fibrosis via stimulation of fibroblasts and collagen production. LIESWT activates autophagy and effectively decreases apoptosis. It does not appear to result in hypertrophic scar formation.

Nerve repair and control

It appears that LiESWT may support nerve recovery and regeneration by directly stimulating neuronal proliferation via BDNF, or indirectly via activation of supporting functions such as Schwann cells and angiogenesis. Moreover, an anti-inflammatory effect of LiESWT through Tolllike receptor 3 could also be involved in the neuroprotective result. In addition to these, VEGF is shown to play a direct neuroprotective role [START_REF] Sokolakis | Effects of low-intensity shock wave therapy (LiST) on the erectile tissue of naturally aged rats[END_REF].

LiESWT seems to alter the expression's ratio of adrenergic receptors in the corpora (increasing expression of α2-adrenergic receptor and simultaneously decreasing expression of α1adrenergic receptor), indicating a possible decrease in sympathetic activity. mind that in most of the animal models, ED induction is immediately followed by LiESWT, where ED is not allowed to be established. This is in contrast to clinical situation where we see patients not at the beginning of ED pathogenesis but much later when the dysfunction has settled. Thus, translating these results into improvements in clinical safety and efficacy could be difficult [START_REF] Sokolakis | The Basic Science Behind Low-Intensity Extracorporeal Shockwave Therapy for Erectile Dysfunction: A Systematic Scoping Review of Pre-Clinical Studies[END_REF].

PDE5i: 2 SEP 3 :

 23 Phosphodiesterase type 5 inhibitors PGE1 : Prostaglandin E1 IIEF : International Index of Erectile Function IIEF-EF : International Index of Erectile Function -erectile functioning IIEF-OF : International Index of Erectile Function -orgasmic functioning IIEF-SD : International Index of Erectile Function -sexual desire IIEF-SSI : International Index of Erectile Function -satisfaction with sexual intercourse IIEF-OS : International Index of Erectile Function -overall satisfaction with the sexual act SEP 2 : Sexual Encounter Profile, Question Sexual Encounter Profile, Question 3 GAQ : Global Assessment Question EHS : Erection Hardness Scale PRP : Platelet Rich Plasma SCT : Stem Cell Therapy BESPIM : (Département de) Biostatistique, Epidémiologie Clinique, Santé Publique et Information Médicale MCID : Minimal Clinically Important Difference AFU : Association Française d'Urologie EAU : European Association of Urology PREAMBULE I.

Figure 1 :

 1 Figure 1 : Physiologie de l'érection au niveau cellulaire

  de nombreuses études, une diminution de l'inflammation locale a été observée après TOCEFI, avec moins de cellules inflammatoires et moins d'oedème interstitiel. La TOCEFI peut réduire l'inflammation via une diminution des cytokines telles que l'IL-1, l'IL-6 et le TNF, et le soutien des macrophages M2 « cicatrisants ». Dans le pénis, une diminution du RAGE (Receptor for Advanced Glycation Endproducts) après traitement entraîne une diminution du stress oxydatif.

Figure 2 :

 2 Figure 2 : Mécanisme d'action possible de la TOCEFI dans le cadre de la DE, disponible en ligne à l'adresse www.jsm.jsexmed.org

Figure 1 :Figure 2 :

 12 Figure 1 : The RENOVA® system, picture available on medicalexpo.fr

  primary outcome measurement was the change from baseline in International Index for Erectile Function -Erectile Function Domain (IIEF-EF) scores in patients receiving 4 weekly treatments of shockwave therapy versus those receiving a sham treatment at 3 months after the end of the treatments. Secondary outcome measurements consisted of evolution of IIEF-EF score all along the study (follow-up period of 12 months after the second sequence of 4 weekly shock wave treatments), changes in other validated measure of EF (SEP2, SEP3, EHS, GAQ, other domains of IIEF), comparison of LiESWT therapy with PDE5i therapy and comparison of the effects of 4 versus 8 weeks of LiESWT, treatment tolerance and potential adverse events.
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 3 Figure 3 : Study flow chart
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 9 Figure 9 : Patients with at least 4 intercourses since the last visit evolution

Figure 10 :

 10 Figure 10: Evolution of SEP 2
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  Li et al. (30) tried to treat 32 patients with LiESWT in the case of Peyronie's disease. They concluded that LiESWT could relieve plaque-induced pain, in addition to the improvement of ED often present in this population. No change in penis curvature was objectified.Cocci et al.[START_REF] Cocci | Low-intensity extracorporeal shock wave therapy (Li-ESWT) for priapism-induced erectile dysfunction in young patients: the first case series[END_REF] tried LiESWT on 5 patients post-priapism and showed interesting results. The median IIEF-5 score after the acute event was calculated as 10 (30 days before the LiESWT), and 16 and 21, respectively 30 and 90 days after treatment (p=0.007). Concluding on such a

Q12.

  Comment évalueriez-vous l'intensité de votre désir ? 1-Très faible/nulle 2quelle mesure avez-vous été satisfait de votre vie sexuelle en général ? 1-Très insatisfait 2-Moyennement insatisfait 3-À peu près autant insatisfait que satisfait 4-Moyennement satisfait 5-Très satisfait Q14. Dans quelle mesure avez-vous été satisfait de vos relations sexuelles avec votre partenaire ? 1-Très insatisfait 2-Moyennement insatisfait 3-À peu près autant insatisfait que satisfait 4-Moyennement satisfait 5-Très satisfait Q15. À quel point étiez-vous sûr d'avoir une érection et de la maintenir ? 26 à 30 : pas de dysfonction érectile ; • score de 22 à 25 : dysfonction érectile légère ; • score de 11 à 21 : dysfonction érectile modérée ; • score de 6 à 10 : dysfonction érectile sévère Sexual Encounter Profile (SEP) :

Figure 15 :

 15 Figure 15 : EHS, French version, available online at Urofrance | Chapitre 09 -Trouble de l'érection -Urofrance

Figure 17 :

 17 Figure 17 : Putative mechanism of action of Li-ESWT for ED, available online at www.jsm.jsexmed.org

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  This is a prospective, randomized, multicenter, double-blind study comparing the efficiency of 4 weekly sessions of shock waves (3600 shocks x 4 at 0.09mJ/mm 2 )

	traitement par semaine pendant 3 semaines, qui étaient répétées après un intervalle de 3 RESUME ABSTRACT
	semaines sans traitement. À 1 mois de suivi, des augmentations significatives des scores IIEF-
	EF ont été enregistrées chez tous les hommes (13,5+/-4,1 à 20,9 +/-5,8 ; p<0,001) ; ceux-ci Introduction : Au cours des dernières années, la thérapie par ondes de choc extracorporelles Introduction : In recent years, low-intensity extracorporeal shockwave therapy (LiESWT) has
	sont restés inchangés à 6 mois. De plus, des augmentations significatives de la durée de de faible intensité (TOCEFI) a été rapportée comme un traitement utile et non invasif pour la been reported as a useful and non-invasive treatment for erectile dysfunction (ED). But high-
	l'érection et de la rigidité du pénis ont été démontrées. Dix hommes n'ont plus eu besoin de dysfonction érectile (DE). Mais les études à haut niveau de preuve faisaient défaut. L'objectif level studies were lacking. The primary objective of this study was to evaluate the modification
	traitement par PDE5i après 6 mois de suivi. Aucune douleur n'a été rapportée lors du principal de cette étude était d'évaluer la modification du score IIEF-EF chez les patients of the IIEF-EF score in patients receiving LiESWT treatment compared to those receiving sham
	traitement et aucun événement indésirable n'a été noté pendant le suivi. Le premier essai recevant un traitement par TOCEFI par rapport à ceux recevant un placebo. Le changement treatment. The change was assessed 3 months after the end of treatment.
	contrôlé randomisé a ensuite été publié en 2012 (13) par la même équipe, confirmant leurs était évalué 3 mois après la fin du traitement. Materials and Methods :
	conclusions. Matériel et méthodes : Etude prospective, randomisée, multicentrique, en double-aveugle,
	Depuis lors, plusieurs études ont montré des résultats encourageants de la TOCEFI chez des comparant l'efficacité de 4 sessions hebdomadaires d'ondes de choc (3600 coups x 4 à
	patients atteints de DE, avec cependant des résultats, des machines de traitement et des 0,09mJ/mm 2 ) à un placebo (3600 coups x 4 à 0mJ/mm 2 ) pour améliorer la fonction érectile à
	protocoles très hétérogènes (14). 3 mois. Nous avons utilisé le dispositif Renova® (Direx, Israël), qui intègre un transducteur
	En outre, il existe un nombre limité d'essais randomisés et contrôlés. La majorité des études électromagnétique linéaire à ondes de choc, utilisable sur les organes génitaux masculins. De
	portent sur de petits échantillons, suivis sur du court terme. De nombreuses questions doivent juillet 2015 à mars 2018, 153 hommes de moins de 80 ans souffrant de DE depuis au moins 6
	être étudiées plus avant, telles que le protocole approprié, la densité d'énergie, le nombre mois, en relation stable depuis plus de 3 mois, rapportant plus de 3 rapports sexuels par mois,
	d'impulsions, la durée et l'intervalle du traitement. un score IIEF-EF entre 6 et 25, et un score EHS ≥ 1 ont été inclus dans 5 centres.
	Résultats : On observe un changement de +2 points d'IIEF-EF dans le groupe traité contre 0,6
	points dans le groupe placebo (p=0.052). La variation de l'IIEF-EF est significativement plus
	L'objectif de cette étude était d'évaluer l'efficacité de la TOCEFI sur la dysfonction érectile. élevée chez les patients jeunes, présentant une DE de bon pronostic. La différence entre 4
	versus 8 semaines de TOCEFI n'est pas significative (p=0.760). L'amélioration de la DE est plus
	importante sous iPDE5 que sous TOCEFI (p<0.001). Aucun effet indésirable majeur n'a été
	rapporté.
	Discussion : Les études disponibles dans la littérature mettent en évidence une importante
	hétérogénéité des résultats par l'utilisation de machines et de protocoles parfois très
	différents. Le bénéfice qui peut être attendu de la TOCEFI paraît modeste et comporte un effet
	placebo significatif. D'autres protocoles restent à étudier (changement de fréquence,
	). Dans ce premier rapport, les auteurs ont examiné 20 hommes atteints de DE d'intensité, du nombre de séances…).
	vasculaire qui présentaient des scores d'indice international de la fonction érectile -domaine Conclusion : Ce protocole de TOCEFI ne semble pas efficace dans le traitement de la DE.
	de la fonction érectile (IIEF-EF) compris entre 5 et 19 (moyenne: 13,5) et des paramètres de Mots clés : Ondes de choc extra-corporelles de basse intensité, Dysfonction érectile, IIEF-EF
	tumescence pénienne nocturne anormaux. La TOCEFI consistait en deux séances de

  al. (2012)[START_REF] Vardi | Does Low Intensity Extracorporeal Shock Wave Therapy Have a Physiological Effect on Erectile Function? Short-Term Results of a Randomized, Double-Blind, Sham Controlled Study[END_REF], expecting an IIEF-EF score difference before and after LiESWT of 6.7 ± 5.7 in the treated arm and 3 ± 6.26 in the sham control arm. In order to detect the expected difference of 3.7 between the 2 arms with a standard deviation of 6.26, with a significance level of 5% and a power of 90%, 61 patients per group were required. To take into account a non-usable data rate of 20%, 77 patients per group (154 in total) were needed in the study.

	The statistical analysis was performed by the BESPIM Department at the Nîmes University
	Hospital Center using SAS software (SAS Institute, Cary, NC, USA) version 9 and/or R software

version 2.13.1 (R Core Team, R Foundation for Statistical Computing, Vienna, Austria, 2013), with values of the study parameters compared using Student t-test, Mann-Whitney Wilcoxon test or Mac Nemar test as appropriate. All patients randomized in the study were included in analysis (intent-to-treat analysis).

Table 4 :

 4 Categorical improvement in erectile function

41

Minimal clinically important differences (MCID) in erectile function is defined as a >2 points increase in the IIEF-EF score from baseline for mild ED (IIEF-EF score ≥ 16), >5 points for moderate ED (10 < IIEF-EF score < 16) and >7 points for severe ED (IIEF-EF score ≤ 10)

[START_REF] Rosen | Minimal clinically important differences in the erectile function domain of the International Index of Erectile Function scale -PubMed[END_REF]

.

  , a single arm multicenter open-label prospective pilot study. Eighty one percent of the patients had a successful treatment. The average IIEF-EF increased significantly from 14.78 at baseline to 21.93 at 3 months post treatment and stabilized at 22.26 at 6 months post treatment. Samely, Bechara et al. (22) also used this protocol with the Renova® device, and showed very good

				09 mJ/mm2, 95% CI,
	0.87-7.42; p=0.01), increased number of pulses (3000 pulses per treatment, 95% CI, 3.18-7.05,
	p<0.0001), and a shorter total treatment course (<6 weeks, 95% CI, 0.54-6.93; p=0.02) resulted
	in better therapeutic efficacy. Our results therefore surprised us.	
	The real difficulty with LiESWT evaluation is the great heterogeneity of the available machines
	and		protocols	(23).
	Manufacturers include Medispec (Israel), Storz (Switzerland), Richard-Wolf GmbH (Germany),
	and Direx (Israel). Generators (electrohydraulic, electromagnetic, piezoelectric,
	ballistic/pneumatic) produce focused, semi-focused or unfocused shockwaves, delivered by
	either a hand-held probe or a fixed emitter. That results in shockwaves with different physical
	parameters, with modifications in the distribution of the energy in area and depth (21) and
	irretrievably in the effects on IIEF scores (Medispec, mean difference 4.14, p<0.01 vs Storz,
	mean	difference	2.7,	p<0.01)

results : 48% of patients non-responder to PDE5i had a positive response with improvements in all IIEF-EF, SEP2, SEP3 and EHS scores. After the 12-month follow-up, 91.7% of responders maintained their responses. However, these studies had limitations such as the poor number of patients (respectively 58 and 50 patients) and the absence of placebo control nore doubleblindness. De facto, concluding on the effectiveness of this protocol seems difficult. However, a meta analysis by Man and Li

[START_REF] Man | Low-intensity Extracorporeal Shock Wave Therapy for Erectile Dysfunction: A Systematic Review and Meta-analysis[END_REF] 

showed that lower energy density (0.

  , LiESWT can improve ED by the time and attention given to the patient. This placebo effect has been clearly demonstrated by Clavijo et al. meta analysis with an improvement of 0.5 to 5.6 points of IIEF-

	EF	in	the	placebo	group,	depending	on	the	studies	(18).

[START_REF] Giuliano | Erectile dysfunction[END_REF] 

The lifestyle and dietary changes proposed by the physician (stopping smoking, weight reduction, consuming a healthy diet, reducing alcohol consumption, practicing sport, etc) have been shown effective in ameliorating ED, especially in patients with obesity or metabolic syndrome. Healthy men with mild-to-moderate ED should be educated in lifestyle modifications to improve their erection as a first-line treatment. LiESWT has been proposed as a treatment option in healthy patients with mild-to-moderate ED if lifestyle changes did not improve erectile function
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The effectiveness of Low intensity Shockwave therapy for the treatment of Erectile Dysfunction : a prospective double-blinded randomized controlled multicenter study

Table 3 : Description of ED and treatment at inclusion

IIEF-IS

The variation between M0 and M4 of the IIEF-IS score is not significantly different between the 2 arms (p=0.724).

The variation between M0 and M8 of the IIEF-IS score is lower by 1.34 in the placebo group than in the treated group but this difference is not significant (p=0.284).

The treatment arm has no significant effect on the evolution of the IIEF-IS score overall (p=0.571 for the arm and p=0.713 for its interaction with time). 

IIEF-OS

The variation between M0 and M4 of the IIEF-OS score is not significantly different between the 2 arms (p=0.348).

The variation between M0 and M8 of the IIEF-OS score is 0.86 lower in arm B than in arm A but this difference is not significant, with however a tendency to be (p=0.095).

The evolution of the IIEF-OS score is significantly different between the 2 arms (p=0.004 for the interaction between the arm and time). The curves overlap before M0, then the score is higher in arm B between M0 and M6, before the trend is reversed at M8 and M17. The difference between the 2 arms is not significant at any visit. A trend is observed at M17 (p=0.089).

Figure 8 : IIEF-OS evolution

EHS

The variation in the EHS score is significantly lower by 0.71 in the placebo arm than in the treated arm between M0 and M4 (p =0.009) and 0.95 higher in placebo group than in treated group between M0 and M8, but this difference is not statistically significant although it tends to be (p=0.077).

The EHS score tends to be higher overall (all times combined) in the treated arm than in the placebo arm (p=0.053), but the evolution over time is not significantly different between the 2 arms (p=0.421 for the arm versus time interaction). The difference between the 2 arms is significant at M17 (p=0.017) and tends to be so at M2 (p=0.085).

Figure 12 : EHS evolution

GAQ

After adjusting for age, the IIEF-EF score at M0 and the center, the odds ratio of the treatment arm in the response to GAQ assessed at M4 is estimated at 0.26 with a 95% CI of (0.07, 0.94) and is significantly different from 1 (p=0.046).

At M8 it is estimated at 0.75 with a 95% CI of (0.33, 1.66) and is not significantly different from 1 (p=0.480).

The treatment arm has no significant effect on the evolution of the proportion of patients responding "Yes" to the GAQ questionnaire (p=0.157 for the arm and p=0.653 for its interaction with time). The categorical improvement between M0 and M2 (LiESWT or sham) is significantly lower than between M-2 and M-1 (PDE5i). Thus, LiESWT wasn't different from placebo at 1 month and improved fewer patients than PDE5i.

IMPROVEMENT OF ERECTILE FUNCTION AFTER PDE5i VERSUS AFTER LiESWT

It is important to remember that in both groups, some patients took PDE5i during this period (Arm A : 4 (5.5%) and Arm B : 6 (8.2%)).

Table 10 : Time to onset (in months) from M0 and duration of adverse events (in days)

Figure 14 : Evolution of pain after a session

The pain is significantly lower by 0.34 in the placebo group than in the treated group (p<0.001) and its evolution is significantly different between the 2 arms (p=0.008 for the interaction between time and arm).

DISCUSSION

Low Intensity shock waves delivered with an electromagnetic shockwave linear transducer (Renova®, Direx), using a standard protocol, did not show a better improvement of erectile function than placebo in men suffering from ED, as the variation of IIEF-EF three months after the session of treatment wasn't statistically different between groups. Overall, except for the IIEF-SD score at M14 (p = 0.047) and the EHS score at M17 (p = 0.017), no other measure showed a significant improvement (neither SEP 2, SEP 3, IIEF-OF, IIEF-IS, IIEF-OS). Comparing single to double energy dose regimens, 4 or 8 weeks of shock waves treatment, showed no difference (in Arm A: + 0.4 IIEF-EF (SD 9.7), p=0.760).

Comparison of LiESWT and daily Tadalafil 5mg in the same patients showed a significant benefit for PDE5i, since significant categorical improvement was obtained in 20.5% after LiESWT and 53.8% after Tadalafil (p<0.001).

LiESWT was well tolerated as there were no major side effects reported.

LiESWT : EFFECTIVE?

LiESWT was introduced as a noninvasive treatment modality for ED by Vardi et al. in 2010 (12).

In this first report the authors screened 20 men with vasculogenic ED who had IIEF-EF scores between 5 and 19 (average : 13.5) and abnormal nocturnal penile tumescence parameters.

Shockwave therapy comprised two treatment sessions per week for 3 weeks, which were repeated after a 3 weeks no-treatment interval. At 1 month follow-up, significant increases in IIEF-EF scores were recorded in all men (13.5+/-4.1 to 20.9 +/-5.8 ; p<0.001) ; these remained unchanged at 6 months. Moreover, significant increases in the duration of erection and penile rigidity were demonstrated. Ten men did not require any PDE5i therapy after 6 months of follow-up. No adverse events were noted during follow-up. The first randomized controlled trial was then published in 2012 (13) by the same team, confirming their findings. These good results aroused enthusiasm and many other studies followed, upholding the effectiveness of the technique. For exemple, in Lu et al. [START_REF] Lu | Low-intensity Extracorporeal Shock Wave Treatment Improves Erectile Function: A Systematic Review and Meta-analysis[END_REF] meta analysis, the range of improvement in the IIEF was from 5.3 to 7.6 points for the LiESWT group, which is above MCID.

ANNEX ANNEX 1 : EF VALIDATED MEASURES

Erectile function evaluation includes the IIEF, SEP2, SEP3, GAQ and EHS questionnaires [START_REF] Droupy | Sexuality and prostate cancer[END_REF].

These validated questionnaires are widely used in clinical trials of treatment for ED. 

ANNEX 2 : PHYSIOPATHOLOGY

There are many proposed theories, sometimes contradictory, for the mechanism of action underlying shockwave therapy [START_REF] Raheem | Novel Treatments of Erectile Dysfunction: Review of the Current Literature[END_REF].

When LiESWT is applied to an organ, it carries an energy that can be focused to affect a distant selected anatomical region. This energy is applied to the tissues by intricated mecanisms : direct shear stress (by shockwaves themselves), popping of the cavitation bubbles generated by negative pressure producing secondary energy waves called microjets and thermodynamic effects [START_REF] Li | Low-intensity extracorporeal shock wave therapy for male chronic pelvic pain syndrome: a systematic review and meta-analysis[END_REF].

Microtrauma, through the process of mechanotransduction, induces a cascade of biological intracellular reactions. Multiple overlapping and crosstalking signaling pathways are activated, ultimately allowing tissue regeneration.

LiESWT may improve ED via 5 main mechanisms, working in synergy : circulation improvement, stem cell recruitment and activation, immune regulation, fibrosis reduction and nerve repair.

It is suggested that the microcirculation observations are short-term effects, and the long-term positive results are maintained through the antiinflammatory action.

Circulation improvement

In endothelial cells, shockwaves activate signaling of transmembrane proteins such as caveolin-1 and beta-1-integrin. These membrane proteins, acting as mechanosensors, lead to upregulation of VEGF and eNOS expression. In a patient with vasculogenic ED, the benefits of such a potential mechanism are readily apparent. Vardi et al. demonstrated that increased IIEF-EF scores after LiESWT strongly correlate with an objective improvement of penile hemodynamics [START_REF] Ortac | The impact of extracorporeal shock wave therapy for the treatment of young patients with vasculogenic mild erectile dysfunction: A prospective randomized single-blind, sham controlled study[END_REF].

Vasodilatation and NO

LiESWT may result in enhanced NO production by up-regulation of eNOS and nNOS, as well as cGMP, leading to dilation of pre-existing vessels. This could explain why some patients report improved erectile function within 1 or 2 days of their first shockwave session.

Figure 16 : Erection physiology at the cellular level

Angiogenesis

Studies have reported up-regulation of angiogenic growth factors (such as VEGF-A, its receptor VEGFR-2, angiopoietin …) after LiESWT within 24 hours, with protective anti-atherosclerotic effects on existing endothelial cells but also neovascularization increasing tissue perfusion. The peak expression of the neovascularization response occurs 4 weeks after treatment (12).

Stem cell recruitment and activation

Shockwave therapy has also been postulated to stimulate the recruitment and activation of stem cells, via the SDF-1 signaling pathway. Resident and newly recruited progenitor cells are activated and may assist in damaged erectile tissue repair.

Immune regulation

In many studies, a reduced inflammatory response was observed after LiESWT, with fewer inflammatory cells and less interstitial edema. LiESWT may reduce inflammation, with down-

CONCLUSION GENERALE

Notre protocole de TOCEFI ne paraît pas efficace dans le traitement de la dysfonction érectile. Discussion : Les études disponibles dans la littérature mettent en évidence une importante hétérogénéité des résultats par l'utilisation de machines et de protocoles parfois très différents.

Le bénéfice qui peut être attendu de la TOCEFI paraît modeste et comporte un effet placebo significatif. D'autres protocoles restent à étudier (changement de fréquence, d'intensité, du nombre de séances…).

Conclusion :

Ce protocole de TOCEFI ne semble pas efficace dans le traitement de la DE.
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