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Robot-assisted laparoscopic auto-graft of patchwork ovarian cortex in two steps
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The main difficulty of ovarian tissue autograft (OTA) is to preserve as many follicles as possible because the ovarian tissue undergoes warm ischemia during grafting until revascularisation, resulting in significant follicular loss. We describe a two-stage grafting technique to stimulate new vascularisation in order to enhance the revascularization process to reduce the ischemic injuries. Furthermore we performed ovarian patchwork in the laboratory and then grafting with robotic laparoscopy to facilitate surgery and increase precision. This technique is used in the DATOR study with promising results, such as a 40% delivery rate.

Introduction

Ovarian tissue autograft (OTA) after cryopreservation is currently the only technique allowing natural restoration of fertility and ovarian endocrine function. The main indication of OTA is the premature ovarian failure and infertility induced by cancer treatments. Chemotherapy using alkylating agents and radiation therapy targeting the pelvis or the abdomen are responsible for the main side-effects on fertility. Ovarian tissue cryopreservation is independent from ovarian stimulation and can therefore be implemented without delay [START_REF] Donnez | Livebirth after orthotopic transplantation of cryopreserved ovarian tissue[END_REF]. OTA is indicated for both pre-teen girls and young women with premature ovarian insufficiency after gonadotoxic drug therapy (mostly alkylating agents) or radiation, in order to restore ovarian function and fertility. Lymphoma is the main indication. Today, it is the only technique available to preserve fertility in pre-teen girls or in case treatment is urgent or still, when hormone therapy is contraindicated. In all other cases, it is possible to offer oocyte or embryo cryopreservation. OTA offers the extra advantage of allowing natural conception So far, more than 130 babies have been born thanks to ovarian tissue transplantation [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF] since the first OTA performed by Oktay et al. in 2000 [3].

The main difficulty of OTA is to preserve as many follicles as possible because the ovarian tissue undergoes warm ischemia during grafting until revascularisation, resulting in significant follicular loss. Decreasing initial warm ischemia time until neoangiogenesis occurs is one of the keys to success. Some factors promoting neoangiognesis can be produced by the grafted ovary. Therefore, headway is being made with the idea that the graft itself stimulates the development of its own neovascularization. To stimulate neovascularization and overcome the initial ischaemic damage that depletes the oocyte pool, Israely et al. have transplanted ovaries into angiogenic granulation tissue created during wound healing [START_REF] Israely | Reducing ischaemic damage in rodent ovarian xenografts transplanted into granulation tissue[END_REF]. This method improved graft vascularization and follicular survival. Functional blood vessels were detected within the grafts as early as 2 days after transplantation. In 1994 and 2007, Dissen [START_REF] Dissen | Immature rat ovaries become revascularized rapidly after autotransplantation and show a gonadotropin-dependent increase in angiogenic factor gene expression[END_REF] and Long [START_REF] Long | Time course of revascularization in human ovarian tissue after heterotopic transplantation in NOD-SCID mice[END_REF], respectively demonstrated that vascular endothelial growth factor (VEGF) production in grafts peaks between 3 and 7 days after the graft. VEGF is expressed early, followed by increased concentration of micro-vessels. Moreover, graft tissue treated with VEGF isoform could display better graft perfusion and primordial follicle preservation [START_REF] Labied | Isoform 111 of vascular endothelial growth factor (VEGF111) improves angiogenesis of ovarian tissue xenotransplantation[END_REF][START_REF] Fransolet | Influence of mouse strain on ovarian tissue recovery after engraftment with angiogenic factor[END_REF]. On the basis of these data, we decided to adopt a two-stage grafting technique to stimulate new vascularisation in order to enhance the revascularization process to reduce the ischemic injuries: a first graft to induce the local production of neoangiogenesis factors, followed by the actual graft carried out three days later, during the peak local production of angiogenesis factors. Furthermore, the manipulation and suture of ovarian strips can be difficult during laparoscopy. So, we performed ovarian patchwork in the laboratory and then grafting with robotic laparoscopy to facilitate surgery and increase precision. This technique developed by Dr Piver is used in the DATOR study [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF] with promising results, such as a 40% delivery rate .

Our aim is to describe this surgical procedure with robotic assistance.

Surgical procedure

Our grafting protocol is as follows; once the patient has informed us of her wish to conceive, we check that she is in remission before obtaining the consent from both oncology and reproductive staff.

The pretransplantation work-up is the same as that in the DATOR study [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF]. Patients receive hormone replacement therapy (HRT) to decrease their FSH levels. We supplement them in vitamin E for its antioxydant effect. Fragments are then analysed to rule out infection or residual disease before scheduling two-stage ovarian grafting. Also, a microscopic follicular density measurement is made on framents after thawing to check the presence of primordial follicles.

On Day 1, only one square centimeter of ovarian cortical tissue is thawed and cut into millimeter pieces in a washing liquid by the Center for Reproductive Medicine (diméthylsulfoxyde (DMSO)). Thawing is initially at room temperature during 30 seconds and then in an incubator at 37 ° for 5 minutes. The fragments are placed in DMSO. The procedure is repeated 4 times (twice for 5 minutes each and then twice for 10 minutes each). Ovarian strips are brought to the operating room in sterile condition on wet ice.

During a first laparoscopy intervention, skin incisions are positioned so as to be compatible with robotassisted surgery. First, we check the uterus cavity and the fallopian tubes' permeability.

We perform a gentle fenestration in the peritoneum of the posterior layer of the left and right broad ligaments. These peritoneal windows are close to uterine vessels. Ten 1-to -2-millimeter pieces are placed in the right and left peritoneal windows (PW) near the uterine vessels without sutures (Figure 1). To obtain the ovarian patchwork, the ovary fragments are sewn together in the lab while the robotic procedure is going on. Around 10 ovarian fragments are patched together with 8-0 PDS suture under an operative microscope. The residual medulla is removed from the fragments. During suturing, the strips are kept in a growth medium (Figure 2). Meanwhile, the robot-assisted laparoscopy procedure begins. We use a 4-arm Da Vinci SI robot with median docking between the patient's legs. Through the 4 th arm, orthostatic instruments can expose the pelvic area.

To protect the ovarian tissue from the valve of the cannula, the patch is inserted into the reducer and then through the cannula into the pelvis.

Three patches are grafted first on the left PW and then on the right PW with 8-0 PDS sutures. Only a few sutures are needed (Figure 3). To reduce time of ischemia of the cortical ovary, thawing and preparation of each patch are performed at different times. The first patch is obtained and brought during the docking procedure of the robot. The second patch is again obtained and brought during the graft procedure in the right PW. Lastly the third patch is obtained and brought during the graft procedure in the left PW.

The left remaining ovary is bivalved using curved scissors without cauterization to expose the medulla. We irrigate with heparinized saline to avoid hematoma formation. One patch is placed on the medulla with 6-0 PDS sutures. We add a running non-absorbable thread to improve contact and congruence between ovarian stoma and medulla (Figure 4). The first laparoscopy is an outpatient procedure. As for the robotic surgery, it is a conventional hospitalization for 2 days.

Discussion

OTA is still in the research stage, but it has already proved its effectiveness regarding the possibility of procreation and the absence of serious complications during pregnancies and for unborn children [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF][START_REF] Jensen | 86 successful births and 9 ongoing pregnancies worldwide in women transplanted with frozen-thawed ovarian tissue: focus on birth and perinatal outcome in 40 of these children[END_REF]. The multicenter DATOR study is of paramount importance for patients as it proves the technique ovarian cortex autograft to be feasible, efficient and reproducible , notably with our surgical method [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF]. The DATOR study, which uses the technique in two steps, started in 2013. Its current results include 34 grafts, 11 patients with pregnancies, 14 births with 66% of spontaneous pregnancies [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF].

It is necessary to wait for the final results of the DATOR test, but these results are promising, showing the effectiveness of the grafting technique in two steps. The two-step grafting technique is based on the fact that oocytes have been shown to be very sensitive to warm ischemia and that the time to revascularize the ovarian graft could take several days [START_REF] Oktay | First pregnancies, live birth, and in vitro fertilization outcomes after transplantation of frozen-banked ovarian tissue with a human extracellular matrix scaffold using robot-assisted minimally invasive surgery[END_REF]. The creation of a peritoneal window stimulates neoangiogenesis and therefore prepares a vascular bed for the graft. We therefore believe that the length of warm ischemia will be shorter. This technique was first described by Donnez et al. using laparoscopy [START_REF] Donnez | Livebirth after orthotopic transplantation of cryopreserved ovarian tissue[END_REF]. Other authors have attempted to decrease the duration of warm ischemia by stimulating neoangiogenesis either by the use of an alloderm matrix [START_REF] Oktay | First pregnancies, live birth, and in vitro fertilization outcomes after transplantation of frozen-banked ovarian tissue with a human extracellular matrix scaffold using robot-assisted minimally invasive surgery[END_REF], a chorioallantoic membrane [START_REF] Martinez-Madrid | Chick embryo chorioallantoic membrane (CAM) model: a useful tool to study short-term transplantation of cryopreserved human ovarian tissue[END_REF] or by the use of growth factors (plasma rich in platelets) [START_REF] Callejo | Live birth in a woman without ovaries after autograft of frozen-thawed ovarian tissue combined with growth factors[END_REF]. Moreover, VEGF could improve graft survival in experimental studies when added to host or graft treatment as melatonin and vitamin E (free-radical scavengers with an antioxidant activity spectrum and anti-apoptotic function) and hyalluran-rich biological glue (an important component of the extracellular matrix in the reproductive tract) [START_REF] Friedman | Possible improvements in human ovarian grafting by various host and graft treatments[END_REF].

The use of ovarian fragment patches has many advantages. In fact, it reduces the number of sutures in the abdomen, decreases the risk of injury to and ischemia of the graft, decreases bleeding and allows the surgeon to prepare an ovarian fragment adjusted to PW size.

Apart from the peritoneal window, it is possible to use a second procedure. As described by Meirow et al., the graft could be performed inside the ovary. In that case, the fragments of ovarian cortex are directly transplanted under the ovarian cortex, after incision of albuginea. It is possible only if patients keep their ovaries [START_REF] Meirow | Pregnancy after transplantation of cryopreserved ovarian tissue in a patient with ovarian failure after chemotherapy[END_REF]. Results seem to be similar with the two techniques [START_REF] Arfi | How do I…an intraovarian ovarian cortex transplant by laparoscopy[END_REF]. The advantages of the ovary as a transplantation site are the homotopic nature, easy localization and visualization with scans or US imaging. Besides, they can be removed easily if necessary. But the risk of bleeding increases. To improve the outcomes, we used both sites of graft (peritoneal and ovary).

Robot-assisted surgery use has expanded in reproductive surgery and has demonstrated its interest compared to laparotomy and laparoscopy [START_REF] Jayakumaran | Robotic-assisted laparoscopy in reproductive surgery: a contemporary review[END_REF]. Although it is possible for skilled laparoscopic surgeons to perform this kind of surgery without robotic assistance [START_REF] Donnez | Livebirth after orthotopic transplantation of cryopreserved ovarian tissue[END_REF], a robot has some advantages. It allows better vision with zoom lenses and a 3-dimensional view. Dexterity is increased. Furthermore, ovarian tissue grafting is close to microsurgery. A robot could facilitate the suturing of ovarian fragments with thinner thread and more precise and less traumatic sutures. Robot-assisted surgery also helps to reduce time from the removal of the tissue from the growth medium to its transplantation site [START_REF] Oktay | Robot-assisted orthotopic and heterotopic ovarian tissue transplantation techniques: surgical advances since our first success in 2000[END_REF]. This technique is probably more reproducible and may shorten the step learning curve.

In conclusion, the first results of the DATOR study seem to confirm the feasibility and effectiveness of the two-step grafting methods [START_REF] Pretalli | Development of Ovarian Tissue Autograft to Restore Ovarian Function: Protocol for a French Multicenter Cohort Study[END_REF]. However, there are currently no studies that have compared the one-step and the two-step method to define the better technique in terms of graft lifespan, oocyte quality, and pregnancy and birth rate. Long-term results could partially answer the question.
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 4 Figure 4 : Ovarian patch placed on medulla of the remaining ovary