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Introduction

Myelomeningocele (MMC) is the most common central nervous system congenital anomaly with a prevalence of 5.97 per 10,000 births in France over the last ten years [START_REF]EUROCAT prevalence chart and tables[END_REF]. This malformation results in life-long morbidity, including sensory and motor neurological deficits, sphincter disorders, and cerebral complications related to the Chiari 2 malformation and the potential associated hydrocephalus. In France, 90 % of MMC are diagnosed by prenatal ultrasound, allowing precise parental counseling before birth [START_REF] De Vigan | Prevalence and prenatal diagnosis of congenital malformations in the Parisian population: twenty years of surveillance by the Paris Registry of congenital malformations[END_REF][START_REF] Beuriat | Changes in the epidemiology of Spina Bifida in France in the last 30 years[END_REF].

Ten years ago, the results of the multicenter prospective randomized Management of Myelomeningocele Study (MOMS) demonstrated that open fetal surgery improves children's prognosis, decreasing the rate of shunting at 12 months of age and increasing the rate of hindbrain herniation reversal and the ability to walk at 30 months of age [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF]. Recently, MOMS investigators published their results on the follow-up of the children and demonstrated that the beneficial effects persist at school age [START_REF] Houtrow | Prenatal Repair of Myelomeningocele and School-age Functional Outcomes[END_REF]. Since the MOM study, fetal MMC repair has become an option for prenatally diagnosed MMC. Fetal surgery for MMC was introduced in France at Trousseau Hospital in 2014 for couples willing to continue the pregnancy (PRIUM study) [START_REF] Friszer | Preliminary results from the French study on prenatal repair for fetal myelomeningoceles (the PRIUM study)[END_REF]. The objective of our study was to review the perinatal outcome of fetal MMC repair and the postnatal outcome until the age of 3 years old in our population. Each patient referred to our center for fetal dysraphism was evaluated in a standardized way by fetal sonography and fetal MRI prior to comprehensive prenatal counseling [START_REF] Friszer | Preliminary results from the French study on prenatal repair for fetal myelomeningoceles (the PRIUM study)[END_REF]. All the ultrasound examinations and fetal MRI were performed by an experienced pediatric radiologist (CG). Prenatal counseling was conducted jointly by a specialist in Maternal Fetal Medicine (MFM) and a pediatric neurosurgeon. A consultation with a psychologist was offered to each couple and all patients were evaluated by an anesthesiologist. After a reflection time, couples were reviewed by the MFM specialist in order to give their final decision. were not considered as exclusion criteria [START_REF] Maurice | New insights in cerebral findings associated with fetal myelomeningocele: a retrospective cohort study in a single tertiary centre[END_REF].

Material and methods

Recruitment and study population

Surgical procedure and postoperative management

Patients were admitted to hospital the day before the surgery for preanaesthetic evaluation. Pre-operative medication consisted in Hydroxyzine dichlorhydrate (1 mg/kg), given one hour before the surgery. After a fasting period of eight hours, the patient was taken to a standard obstetrical operating room. Cephazolin (2 g intravenously) was given preoperatively.

A lumbar epidural catheter was placed before the general anesthesia to allow a multimodal postoperative analgesia. Indomethacin and atosiban were used as perioperative tocolysis.

Indomethacin was given as a 50 mg per rectum (PR) preoperatively, followed by 50 mg PR every six hours for the first 24 hours following surgery, and 25 mg every six hours on the second day. Atosiban was given intravenously (IV) at the beginning of the surgery with a dosage of 18 mg/h during the three first hours, followed by an IV perfusion of 6 mg/h during 43 hours. After a preinduction preoxygenation, induction was performed using a rapid sequence (propofol, succinylcholine). Maintenance of anaesthesia was obtained using inhaled sevoflurane 3% and atracrium 0.5 mg/kg. The opioid used in our center was sufentanil with a dosage of 0.2 mcg/kg. In case of maternal hypotension, neosynephrin and ephedrine were used for preservation of utero-placental flow. A close maternal monitoring was maintained during the surgery including: heart rate, respiratory frequency, O2 saturation, electrocardiogram, body temperature, bispectral index, neuromuscular function monitoring, invasive arterial blood pressure, and measurement of input and output as a sign of volume status.

Gravid uterus was exposed by a Pfannenstiel laparotomy and exteriorized. Fetal position, placenta localization, and umbilical cord insertion were then mapped by ultrasound examination. A hysterotomy of 6 cm was performed as described by Moron et al. (fig. 1) [START_REF] Moron | Perinatal outcomes after open fetal surgery for myelomeningocele repair: a retrospective cohort study[END_REF].

Three Monocryl 0 full-thickness sutures were placed on each side of the future hysterotomy.

Entry was progressively performed, and Allis forceps were positioned on the cut edges of the myometrium in order to expose the amniotic membrane. The membrane was then opened using scissors, under direct visualization. Two vascular forceps were placed on both sides to secure the membrane and the myometrium before the enlargement of the hysterotomy using electrocautery. One Vicryl 0 stitch was positioned at each end of the hysterotomy and a fullthickness Vicryl 0 running suture was performed to encircle the entire incision. A second running suture was performed around uterine opening with Monocryl 4-0 to secure the membrane to the inner portion of the myometrium.

The MMC repair was performed by the neurosurgeons according to a standardized protocol with multilayer closure including neurulation of the placode, under magnification using a Leica surgical microscope, as previously described [START_REF] Friszer | Preliminary results from the French study on prenatal repair for fetal myelomeningoceles (the PRIUM study)[END_REF]. The uterus was closed in two layers.

The first layer consisted in a Vicryl 0 running suture involving the amniotic membrane and the inner portion of the myometrium. Before the last sutures were placed, warmed sterile saline with antibiotics (Vancomycin 500 mg) was used to restore amniotic fluid volume to preoperative level. The second layer consisted in a Vicryl 0 running suture involving the myometrium and the uterine serosa. The uterus was then put back into the abdominal cavity and the laparotomy closed in a standard fashion.

After surgery, patients were transferred to an intensive care unit for the first 72 hours of postoperative care [START_REF] Friszer | Preliminary results from the French study on prenatal repair for fetal myelomeningoceles (the PRIUM study)[END_REF]. The epidural catheter was removed on the third postoperative day.

Patients were then transferred to the high-risk pregnancy obstetrical ward. All patients stayed in hospital five to seven days and were discharged with a prophylactic anticoagulation prescribed for two weeks, an oral analgesic medication if needed, and a maintenance tocolytic therapy (oral nifedipine) prescribed until 36 weeks.

At the time of discharge, patients were encouraged to stay near our center until cesarean delivery at 37 weeks of gestation. When this was impossible for the patients, they returned home, and delivery was scheduled at their local tertiary centers.

Follow-up during pregnancy and delivery management

Patients were monitored weekly with a maternal and fetal clinical examination performed by a midwife at home, and a follow-up was scheduled every two weeks with a MFM specialist in our center. Comprehensive ultrasonography was performed for assessment of amniotic fluid index, cerebral ventricular dimension, hindbrain herniation, biparietal diameter, head circumference, femur length, abdominal circumference and placenta. Corticosteroids were used only in case of preterm rupture of membranes (PPROM) or preterm labor prior to 34 weeks. Each patient was scheduled for elective cesarean delivery at 37 weeks of gestation or earlier for standard obstetrical indications.

Children's follow-up from birth to 3-year-old

At birth, a complete clinical examination was carried out by a neonatologist and a transfontanellar ultrasound examination was performed within the first week. Each child was evaluated at birth, 1 month, 1 and 3 years by a multidisciplinary team including a pediatric neurosurgeon, a specialist in pediatric physical medicine and rehabilitation, and a pediatric orthopedist. All children were evaluated on the basis of standardized physical and neurological examination. The 1-month, 1-year and 3-year evaluations also included a cerebral and spinal cord MRI in order to assess hindbrain herniation, cerebral ventricles size, other cerebral anomalies, syringomyelia and spinal cord anomalies. In case of ventricular dilatation, intermediate cerebral MRI was performed.

The following data were collected at birth: Apgar score at 5 minutes, birth weight [START_REF] Mamelle | Fetal growth from the AUDIPOG study. I. Establishment of reference curves[END_REF], head circumference [START_REF] Mamelle | Fetal growth from the AUDIPOG study. I. Establishment of reference curves[END_REF], appearance of the MMC scar, presence of foot deformities, length of neonatal hospitalization, complications related to prematurity, and cerebral and spinal cord imaging observations. At 1-year-old, the neurologic functional level was recorded as well as the cerebral and spinal cord imaging observations. The following data on urological functions were collected:

presence of urinary incontinence during crying, urinary infections since birth, and renal and urinary tract ultrasound findings. Constipation was defined as a Bristol stool scale type 1 or type 2. The need for surgical or medical therapy including ventriculo-peritoneal shunt, orthopedic surgery, anticholinergic or laxative treatments was also recorded.

At 3-year-old, the same data were recorded. The pediatricians also noted if the child was attending school and additional details on urinary function (need for urinary intermittent catheterization, use of diapers) and bowel function (constipation, existence of anal leakage, need for rectal enemas).

Results

Population

During the study period, a total of 126 patients were referred to our center for a suspicion of fetal MMC (fig. 2). Of these patients, the diagnosis of MMC was revised in 32 cases: 11 cases of Limited Dorsal Myeloschisis (LDM), 20 cases of Mye-LDM and one case of lipomyelomeningocele [START_REF] Friszer | Limited Dorsal Myeloschisis: A Diagnostic Pitfall in the Prenatal Ultrasound of Fetal Dysraphism[END_REF][START_REF] Zerah | An intermediate form of dysraphism: the MyeLDM[END_REF].

In Among the 62 eligible patients, the parents opted for termination of pregnancy in 40 cases (65%). Among the 22 couples who decided to continue the pregnancy, 17 (77%) opted for fetal surgery and 5 (23%) opted for a postnatal conventional repair. Both maternal and fetal characteristics are presented in table 1. In the fetal surgery group, L5/S1 was the most common MMC level (53%) and there was one case of thoracic MMC (6%). One fetal surgery case presented with a diastematomyelia with a right T12 hemi-myelomeningocele and a bone spur extended from T12 to L3.

Fetal surgery

The median gestational age at the time of fetal surgery was 25 +5 weeks (range: 21 +1 -26 +0 weeks). Four patients (24%) had the fetal surgery before 24 weeks. Placental location was anterior in 13 cases (77%). The median total operative time from maternal skin incision to closure was 188 minutes (range: 160 -235 min) with a median neurosurgical operative time of 55 minutes (range: 22 -88 min). In all cases, it was possible to close the defect without using artificial material or relaxing incisions. One mother required a blood transfusion postoperatively (2 units of red packed cells). No other maternal complications were observed during the surgery. There were no cases with maternal pulmonary edema in the peri-operative period. No fetal complication was observed during the surgery.

Maternal and obstetrical outcomes

PPROM occurred in 71% of cases and preterm labor, in 47% (table 2). Among the 12 patients who had a PPROM, five presented a preterm labor. For one patient, a preterm labor associated with a hyperleukocytosis and an increased C-reactive protein led to the suspicion of chorioamnionitis and an emergency cesarean section was performed at 32 +6 weeks. This mother was treated with amoxicillin clavulanate for seven days and did not develop any infection. Her neonate was not infected.

Thirteen patients delivered at Trousseau Hospital and four in their local tertiary center. The median gestational age at delivery was 34 +2 weeks and none of the patients delivered before 30 weeks. The hysterotomy scar was thin in three cases (18%) and no case of hysterotomy scar dehiscence was observed in our cohort.

Neonatal outcomes

There were no cases of intrauterine fetal demise or neonatal demise (table 3). The median birthweight was 2235 g (range: 1680 g -2980 g). The median of hospitalization duration for neonates was 20 days (range: 5 -60) and no severe complications related to prematurity (including grade 3 to 4 intraventricular hemorrhage, severe cerebral parenchyma hemorrhage, periventricular leukomalacia, ulceronecrotizing enterocolitis, and severe bronchodysplasia) were observed.

No cases of MMC scar dehiscence nor Cerebral Spinal Fluid (CSF) leakage were observed at birth. A reversal of the hindbrain herniation was observed in 10 out of the 17 cases (59%) at birth. The five cases with corpus callosum anomalies detected on birth imaging (four cases of splenium agenesis and one case of anterior agenesis) were all diagnosed prenatally [START_REF] Maurice | New insights in cerebral findings associated with fetal myelomeningocele: a retrospective cohort study in a single tertiary centre[END_REF]. Five neonates presented heterotopias on birth imaging including two cases with normal pre-operative fetal MRI at 22 +2 and 23 +2 weeks.

At birth, 12 neonates (71%) presented foot deformities, with seven cases with bilateral clubfoot (prenatal MMC level: L3, L4, L5 and S1), four cases with bilateral talus (MMC level:

L5 and S1) and one case with right clubfoot and left vertical talus (MMC level: L3). Among these 12 cases, 6 had a normal feet examination at the second trimester ultrasound. These 6

cases had a MMC level of L5 or S1. The five neonates with no foot deformity at birth had a MMC level of T12 (case with a diastomatomyelia), L1, L2, and L5 (two cases).

Outcome at 1-year-old

Among the 12 children who are at least 1-year-old at the time of writing, a ventriculoperitoneal shunt was indicated in three cases (25%) at 3, 6, and 9 months respectively because of an increased occipital-frontal circumference associated with clinical signs of intracranial hypertension (table 4). Of the remaining 9 children, 8 had ventricular measurements greater than 15 mm but no clinical symptoms of intracranial hypertension. One child (6%) required surgery to perform a tethered cord release at 9-months of age.

Neurologic functional level at 1-year-old was better than expected according to the anatomic MMC level in 5/12 children (42%) (fig. 3). Two children (17%) underwent Achilles tenotomy and eight (67%) required orthosis. Nine children (75%) presented a urinary incontinence when crying and one child (8%) had a neurogenic bladder requiring an anticholinergic treatment. Three children (25%) had signs of neurologic colon with a Bristol score of 1 or 2. In our center, osmotic laxative treatment is usually initiated at an early age in children with MMC, and 58% of our cohort were receiving osmotic laxatives at 1-year-old.

Outcome at 3-year-old

Eight children in our cohort have reached the age of 3 years old (table 5). There were no other cases of shunt than the three previously described and none of the children required a spinal cord surgery. All children attend school. Six children (75%) had a better neurologic functional level than the one expected according to the anatomic level (fig. 3). Among the eight evaluated children, 6 (75%) were able to walk, including 5 (83%) with orthotics and 1 (17%), independently. The orthotics were ankle-foot orthosis, not requiring upper limb support, for 4 children, and a Hip-Knee-ankle-foot orthosis, requiring upper limb support, for 1 child.

Regarding urinary function, only one child was voiding volitionally. Four children (50%) required urinary intermittent catheterizations and three (38%) were in diapers. Four children (50%) were treated with anticholinergic medication. Regarding bowel function, two children (25%) had normal stools without treatment and one (13%), with osmotic laxatives. Three children (38%) had constipation, and two children (25%) had constipation associated with intermittent anal leakage. Among the eight children, six (75%) were treated with osmotic laxatives and three of them also required daily transanal irrigation.

Discussion

Our study confirms that open fetal surgery enables anatomical repair of the MMC lesion in all cases with a low rate of perinatal and maternal complications since the median gestational age at delivery was 34 +2 weeks, without any cases of severe complications related to prematurity.

Efficiency of open maternal fetal surgery

In our study, reversal of hindbrain herniation was recorded in 59% of cases at birth. This result is close to those of Moldenhauer et al. and Moron et al. [START_REF] Moron | Perinatal outcomes after open fetal surgery for myelomeningocele repair: a retrospective cohort study[END_REF][START_REF] Moldenhauer | Fetal myelomeningocele repair: the post-MOMS experience at the Children's Hospital of Philadelphia[END_REF]. The rate of hindbrain herniation reversal after open fetal surgery varies from 36% to 94% depending on the studies [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Moron | Perinatal outcomes after open fetal surgery for myelomeningocele repair: a retrospective cohort study[END_REF][START_REF] Moldenhauer | Fetal myelomeningocele repair: the post-MOMS experience at the Children's Hospital of Philadelphia[END_REF][START_REF] Zamłyński | Comparison of prenatal and postnatal treatments of spina bifida in Poland: a non-randomized, single-center study[END_REF][START_REF] Möhrlen | Benchmarking against the MOMS Trial: Zurich Results of Open Fetal Surgery for Spina Bifida[END_REF]. Although our results confirm that MMC fetal surgery can provide a hindbrain herniation reversal, it is difficult to conclude on the chances of success since there is a disparity in diagnostic methods of hindbrain herniation (ultrasound vs MRI) and children's age at evaluation, ranging from birth to 4-years-old depending on the studies.

At 12 months of age, we recorded 25% of ventriculo-peritoneal shunt. This low proportion represents another argument to offer fetal surgery to couples who intend to continue the pregnancy. Indeed, as several other groups, we have observed a decrease in the need for ventriculoperitoneal shunts of about 50% between the prenatal surgery group and the postnatal surgery one [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Flanders | Detailed analysis of hydrocephalus and hindbrain herniation after prenatal and postnatal myelomeningocele closure: report from a Single Institution[END_REF]. This result from fetal surgery is important because hydrocephalus and its surgical treatments have a significant impact on the patient's life with extremely frequent complications. Bowman et. al, in a series of 71 patients, report that 95% of them required at least one revision of the shunt, with some patients having up to 10 revision surgeries [START_REF] Bowman | Spina bifida outcome: a 25-year prospective[END_REF].

In our group, the shunt rate was particularly low, but it should be compared to our ratio of shunt in post natal repairs of MMC which is 46% (personal data). It is likely that our indications for CSF derivation are different from those of the other teams. In our study, 89% of the children had a ventriculomegaly greater than 15 mm at the age of 1 year but did not require derivation given their absence of symptoms.

In our cohort, we observed a better neurologic functional level than the one expected according to the anatomic level in 42% of children at 1-year-old, and 75%, at 3-year-old.

Although these results appear to be better than those of the MOM study, they should be interpreted considering the prenatal MMC level [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Farmer | The Management of Myelomeningocele Study: Full Cohort 30-month Pediatric Outcomes[END_REF]. In our population, more than 50% of the fetuses had a MMC level of L5/S1 while 70% of the MOMs population had a MMC level higher than L5 [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Bowman | Spina bifida outcome: a 25-year prospective[END_REF]. However, this improvement of motor function is of importance considering that children with a functional level lower than L2 will potentially be able to ambulate independently, most often with braces support [START_REF] Shurtleff | Myelodysplasia. Problems of longterm survival and social function[END_REF].

Our results show that despite fetal surgery, the vast majority of children with MMC present sphincter disorders. These results regarding the urological outcome of children prenatally operated are consistent with other studies [START_REF] Clayton | Fetal repair of myelomeningocele: current status and urologic implications[END_REF][START_REF] Macedo | In utero myelomeningocoele repair and urological outcomes: the first 100 cases of a prospective analysis. Is there an improvement in bladder function?[END_REF]. Thus, Brock et al., from the MOM study cohort, are the only ones suggesting a potential benefit of prenatal surgery compared to postnatal surgery on volitional voiding and need for clean intermittent catheterizations and anticholinergic medication [START_REF] Brock | Effect of Prenatal Repair of Myelomeningocele on Urological Outcomes at School Age[END_REF]. To our knowledge, no studies have yet investigated the potential benefit of MMC fetal surgery on bowel function.

Finally, the most important benefits provided by fetal surgery are represented by reversing the hindbrain herniation, preventing from the need for a ventriculoperitoneal shunt and improving motor function. However, care must be taken as to how the information about fetal surgery efficiency is disseminated during family counseling and parents should be informed that these benefits are not observed in all cases.

Risks associated with open maternal fetal surgery

In our cohort, we observed a particularly high rate of PPROM (71%), higher than the one observed in the MOM study (46%), despite a similar gestational age at birth (34 +2 weeks vs 34 +1 weeks) [START_REF] Beuriat | Changes in the epidemiology of Spina Bifida in France in the last 30 years[END_REF]. Several hypotheses could be discussed to explain this higher rate of PPROM.

First, the high level of PPROM could be related to a longer operating time. We recorded a longer total duration of surgery and a longer duration of neurosurgery than others [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Moron | Perinatal outcomes after open fetal surgery for myelomeningocele repair: a retrospective cohort study[END_REF][START_REF] Moldenhauer | Fetal myelomeningocele repair: the post-MOMS experience at the Children's Hospital of Philadelphia[END_REF][START_REF] Johnson | The Management of Myelomeningocele Study: obstetrical outcomes and risk factors for obstetrical complications following prenatal surgery[END_REF].

This prolonged operating time is essentially due to the fact that we do not use a uterine stapling device to perform the hysterotomy. We made this choice assuming that the risk of dehiscence of the uterine scar was lower with a manual technique rather than using the stapler. Although the size of our study is limited, no cases of hysterotomy scar dehiscence have been observed.

Our results are in line with the results observed in 237 cases reported by Moron et al., using the same technique to perform hysterotomy [START_REF] Moron | Perinatal outcomes after open fetal surgery for myelomeningocele repair: a retrospective cohort study[END_REF]. Thus, their uterine scar dehiscence rate was 3.8% whereas this rate ranges from 7% to 13% in the six other studies [START_REF] Adzick | A Randomized Trial of Prenatal versus Postnatal Repair of Myelomeningocele[END_REF][START_REF] Moldenhauer | Fetal myelomeningocele repair: the post-MOMS experience at the Children's Hospital of Philadelphia[END_REF][START_REF] Zamłyński | Comparison of prenatal and postnatal treatments of spina bifida in Poland: a non-randomized, single-center study[END_REF][START_REF] Möhrlen | Benchmarking against the MOMS Trial: Zurich Results of Open Fetal Surgery for Spina Bifida[END_REF][START_REF] Johnson | The Management of Myelomeningocele Study: obstetrical outcomes and risk factors for obstetrical complications following prenatal surgery[END_REF][START_REF] Bennett | Reducing perinatal complications and preterm delivery for patients undergoing in utero closure of fetal myelomeningocele: further modifications to the multidisciplinary surgical technique[END_REF]. This complication of open fetal surgery is particularly important, especially since Goodnight et al.

reported a uterine rupture rate of 9.6% in the subsequent pregnancy in a study including 77 pregnancies after open maternal-fetal surgery for MMC using a uterine staple device [START_REF] Bennett | Reducing perinatal complications and preterm delivery for patients undergoing in utero closure of fetal myelomeningocele: further modifications to the multidisciplinary surgical technique[END_REF].

Two studies conducted by the MOM study investigators showed that nulliparity, early gestational age at surgery (< 24 weeks) and chorioamniotic membrane separation after fetal surgery were significant risk factors for subsequent development of PPROM [START_REF] Johnson | The Management of Myelomeningocele Study: obstetrical outcomes and risk factors for obstetrical complications following prenatal surgery[END_REF][START_REF] Soni | Chorioamniotic membrane separation and preterm premature rupture of membranes complicating in utero myelomeningocele repair[END_REF]. The relatively small size of our cohort did not allow us to make this analysis. However, we recorded a low proportion of nulliparous women (24%) and a low proportion of patients operated at early gestational ages.

Fetoscopy is one of the approaches considered to reduce maternal morbidity [START_REF] Kabagambe | Fetal Surgery for Myelomeningocele: A Systematic Review and Meta-Analysis of Outcomes in Fetoscopic versus Open Repair[END_REF][START_REF] Cortes | Proceedings of the First Annual Meeting of the International Fetoscopic Myelomeningocele Repair Consortium[END_REF]. This technique may also allow vaginal delivery and will probably limit the risks for subsequent pregnancies [START_REF] Kohn | Management of Labor and Delivery After Fetoscopic Repair of an Open Neural Tube Defect[END_REF]. 

Characteristics of the French population

One of the major limitations of our study is the small size of our cohort. However, this reflects the sociological characteristics of French population illustrated by a higher rate of termination of pregnancy in case of prenatal diagnosis of MMC. However, in our French national reference center we observed that 77.3% of the couples who decide to pursue the pregnancy intend to have fetal surgery. We consider as unethical not to propose fetal MMC repair in these cases. On the other hand, one might question the relevance of the presence of more than one center in France for about five cases of fengctal MMC repair per year. Joyeux 

Perspectives of fetal MMC surgery

Two challenges remain to be addressed: reducing the maternal risks and improving the effectiveness of surgery on the children's prognosis. Fetoscopy may represent a promising approach to reduce the maternal risks, allowing vaginal delivery and reducing the risk of uterine scar dehiscence and uterine rupture in subsequent pregnancies [START_REF] Soni | Chorioamniotic membrane separation and preterm premature rupture of membranes complicating in utero myelomeningocele repair[END_REF][START_REF] Kabagambe | Fetal Surgery for Myelomeningocele: A Systematic Review and Meta-Analysis of Outcomes in Fetoscopic versus Open Repair[END_REF]. With regards to children's prognosis, the results from the MOM study children follow-up at school age are very encouraging but showed that 71% are not able to walk without orthotics and 62% are compelled to perform clean intermittent catheterization [START_REF] Houtrow | Prenatal Repair of Myelomeningocele and School-age Functional Outcomes[END_REF][START_REF] Brock | Effect of Prenatal Repair of Myelomeningocele on Urological Outcomes at School Age[END_REF]. Fetal surgery is probably performed at an overly advanced gestational age, when the spinal cord has already been irreversibly damaged [START_REF] Miled | Severe and progressive neuronal loss in myelomeningocele begins before 16 weeks of pregnancy[END_REF]. An earlier intervention would seem to be difficult given the timing of prenatal diagnosis, the fetal fragility at earlier gestational age, and the increased risk of PPROM before 24 weeks. It therefore seems necessary to develop adjuvant therapies to improve spinal cord repair at the time of fetal surgery. Stem cell therapy is one of the relevant options and a few teams around the world already have particularly encouraging results in animal models of MMC [START_REF] Dugas | Cell therapy for prenatal repair of myelomeningocele: A systematic review[END_REF]. 

  cohort study reviewed the outcome for patients with open fetal surgery for myelomeningocele repair between July 2014 and June 2020 in our tertiary university maternalfetal medicine center. Consent was obtained from the parents and the study was approved by our Institutional Review Board (approval 13048, Clinical Trial registration NCT01983345) for the 10 first cases. Since 2018, open fetal surgery is offered as conventional care. Maternal demographics, prenatal diagnostic criteria, fetal surgery, delivery, neonates and children outcomes were documented prospectively in our fetal MMC repair database.

  et al. demonstrated in a recent study that the number of fetal MMC cases operated correlates with the outcome of the MMC fetal closure[START_REF] Joyeux | Learning curves of open and endoscopic fetal spina bifida closure: a systematic review and meta-analysis[END_REF].
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 123 Figure 1. Photograph of the hysterotomy

  

  

  our cohort, 32 patients were excluded from the fetal surgery program due to: prenatal

	diagnosis of MMC after 26 weeks (n=7), severe fetal kyphosis (n=7), other associated
	anomalies unrelated to MMC (n=3), twin gestation (n=3), high risk for preterm delivery (n=2),
	MMC with a S2 upper level (n=4), BMI > 35 (n=2), placenta praevia (n=1), history of severe
	preeclampsia (n=1), maternal contraindication for surgery (maternal Ehlers Danlos syndrome,
	n=1), and fetal potential contraindication for anesthesia (paternal history of malignant
	hyperthermia, n=1).

Table 2 .

 2 Maternal and obstetrical outcomes

	PPROM < 37 weeks

PPROM: Preterm Premature Rupture Of Membranes
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