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INTRODUCTION

Idiopathic intracranial hypertension (IIH), also known as Pseudotumor cerebri, is a disorder characterized by increased intracranial pressure (ICP) without an identifiable secondary cause [START_REF] Hainline | Current concepts in pseudotumor cerebri[END_REF] . The most common presenting symptom of IIH in almost all patients is chronic headache. Other symptoms include pulsatile tinnitus, transient visual obscurations, diplopia and visual loss that may be complete in severe cases [START_REF] Friedman | The pseudotumor cerebri syndrome[END_REF] . IIH primarily affects obese women of childbearing age with an estimated incidence of 12-20 per 100.000 compared to 0.5 to 2 per 100.000 in the general population [START_REF] Peralta | An update of idiopathic intracranial hypertension[END_REF] . Furthermore, the incidence of IIH has been shown to increase in parallel with the global obesity epidemic [START_REF] Kilgore | Re-evaluating the Incidence of Idiopathic Intracranial Hypertension in an Era of Increasing Obesity[END_REF] . Although pathogenesis is still unclear, obesity and recent weight gain have been recognized as major risk factors for IIH. One leading theory that explains the link between obesity and raised ICP in IIH is the decrease of cerebrospinal fluid (CSF) absorption due to elevated cerebral venous pressure which is in turn the result of increased cardiac and pleural pressures secondary to obesity-related increased intra-abdominal pressure [START_REF] Banik | Obesity and the role of nonsurgical and surgical weight reduction in idiopathic intracranial hypertension[END_REF] .

Weight loss is advised for all obese IIH patients and remains an essential part of their treatment [START_REF] Biousse | Update on the pathophysiology and management of idiopathic intracranial hypertension[END_REF] . Cohort studies demonstrated that weight loss after low energy diet was significantly associated with decreased ICP [START_REF] Sinclair | Low energy diet and intracranial pressure in women with idiopathic intracranial hypertension: prospective cohort study[END_REF] , improvement of symptomatology and papilledema [START_REF] Sinclair | Low energy diet and intracranial pressure in women with idiopathic intracranial hypertension: prospective cohort study[END_REF][START_REF] Kupersmith | Effects of weight loss on the course of idiopathic intracranial hypertension in women[END_REF] and stopping of systemic therapy [START_REF] Wong | Idiopathic intracranial hypertension: the association between weight loss and the requirement for systemic treatment[END_REF] . In contrast, weight regain was associated with recurrence of signs and symptoms [START_REF] Sinclair | Low energy diet and intracranial pressure in women with idiopathic intracranial hypertension: prospective cohort study[END_REF][START_REF] Ko | Weight gain and recurrence in idiopathic intracranial hypertension: a case-control study[END_REF] . Long term weight control is difficult to achieve with dietary modifications and exercise promotion alone, making thus IIH outcomes suboptimal [START_REF] Manfield | Bariatric Surgery or Non-surgical Weight Loss for Idiopathic Intracranial Hypertension? A Systematic Review and Comparison of Meta-analyses[END_REF] .

Bariatric surgery has been proposed as an effective treatment for IIH, providing greater and sustained weight loss compared to other weight reducing modalities [START_REF] Manfield | Bariatric Surgery or Non-surgical Weight Loss for Idiopathic Intracranial Hypertension? A Systematic Review and Comparison of Meta-analyses[END_REF] . It is now established as the most effective treatment for morbid obesity and other obesity-associated comorbidities, with laparoscopic sleeve gastrectomy (LSG) being the most frequently performed procedure worldwide [START_REF] Angrisani | IFSO Worldwide Survey 2016: Primary, Endoluminal, and Revisional Procedures[END_REF] . Although the earliest case reports on IIH improvement after open bariatric gastric exclusion surgeries were published in 1986 and 1987 [START_REF] Noggle | Rapidly advancing pseudotumor cerebri associated with morbid obesity: an indication for gastric exclusion[END_REF][START_REF] Amaral | Reversal of benign intracranial hypertension by surgically induced weight loss[END_REF] , data on recent bariatric procedures effects for IIH patients are still very limited. A recent systematic review of the literature on bariatric surgery for treatment of IIH has included 17 papers (6 series and 11 case reports) [START_REF] Handley | Bariatric surgery as a treatment for idiopathic intracranial hypertension: a systematic review[END_REF] . Fifty-four of the 67 IIH patients treated with bariatric surgery underwent gastric bypass, while LSG was performed in only 6 patients reported in 1 study (reference not found in Pubmed, abstract in IFSO 2013 congress) and 1 case report [START_REF] Handley | Bariatric surgery as a treatment for idiopathic intracranial hypertension: a systematic review[END_REF][START_REF] Um | Laparoscopic vertical sleeve gastrectomy for the treatment of pseudotumor cerebri[END_REF] .

Considering the scarce existing data on LSG for the treatment of IIH, the aim of this study was to evaluate the safety and effectiveness of LSG regarding weight loss, comorbidities evolution and IIH-specific symptoms remission in IIH severely obese patients of two specialized bariatric surgery centers. According to the French guidelines [START_REF] Has | Obesite: prise en charge chirurgicale chez l'adulte[END_REF] , bariatric surgery eligibility criteria were: (i) failure to achieve weight loss despite lifestyle and behavioral modifications and an intensive follow-up during at least 6 months in a specialized center for obesity; (ii) body mass index (BMI) > 40 kg/m 2 or > 35 kg/m 2 with at least one of the following comorbidities: diabetes, arterial hypertension, obstructive sleep apnea syndrome (OSAS), incapacitating joint disorders, non-alcoholic steatohepatitis (NASH); (iii) a strong and comprehensive motivation for surgery of the patient and his family tested by repeated interviews and questionnaires. Psychological distress and mild depression were not considered criteria of exclusion.

METHODS

Apart IIH, comorbidities assessed were: i) arterial hypertension: systolic blood pressure 140 mmHg or more and/or diastolic blood pressure ≥90 mm Hg or if patients were on antihypertensive drug therapy; ii) type II diabetes: fasting plasma glucose ≥126 mg/dL or 2-hour plasma glucose ≥200 mg/dL during oral glucose tolerance test or patients were on antidiabetic drug with or without insulin therapy; iii) obstructive sleep apnea syndrome (OSAS): when continuous positive airway pressure (CPAP) was employed after polysomnography assessment; iv) dyslipidemia: fasting high-density lipoprotein <50 mg/dL for women, <40 mg/dL for men, and/or triglycerides >150 mg/dL and/or low-density lipoprotein >100 mg/dL or the use of statins; v) arthralgia: clinical and radiological findings; vi) gastroesophageal reflux disease (GERD) : need for proton pump inhibitor agents (PPI) and/or esophagitis diagnosed by endoscopy and/or abnormal manometry (patients with severe GERD, i.e. preexisting symptomatic GERD despite PPI medication, do not undergo LSG in our department but laparoscopic Roux-en-Y gastric bypass).

The indication for LSG was validated during a multidisciplinary staff meeting one month prior to surgery. Prior written informed consent was obtained from the patients before surgery.

Operative technique

The surgical techniques used to perform LSG in the two centers were very similar, except for abdominal access. In one center LSG was performed using a single-incision approach, with a multi-port single-access device (QuadPort+, Olympus Medical, Nagano, Japan or Octoport, Landanger, Chaumont, France) introduced through a 2 to 4 cm transversal incision, located four fingers below the costal margin and two fingers left of the midline, as previously described [START_REF] Pourcher | Routine single-port sleeve gastrectomy: a study of 60 consecutive patients[END_REF] . In the other center, conventional LSG using four trocars was used (one umbilical 10mm-port for the camera, two 10mmoperating ports and one 5mm-port for exposition or liver retraction). Greater curvature dissection was performed using a thermofusion device (Ligasure, Medtronic, Boulogne-Billancourt, France or Thunderbeat ® , Olympus, Rungis, France). Transection of the stomach was done using a 60-mm endoscopic stapler (Endo-GIA Tri-Staple with purple cartridge, Medtronic Boulogne-Billancourt, France or Echelon Flex Powered with gold cartridge, Ethicon, Issy-Les-Moulineaux, France) after placement of a 36-French orogastric calibration tube. Bioabsorbable staple line reinforcement of the staple line was used (Seamguard ® , Gore, Paris, France); reinforcement with sutures or glue and staple-line leakage tests were not performed. Hemostasis of the mucosa on the staple line was performed when needed using bipolar coagulation. Drainage was not routinely used and was carried out only in cases of particularly difficult or complicated gastric dissection.

Follow-up

Postoperative care was offered under appropriate clinical monitoring. A blood count was performed the day after surgery. Patients were allowed free liquid intake on the day of surgery or postoperative day 2, and then placed on a semiliquid diet, gradually allowing solid intake during the first 3 weeks after operation. Discharge at home was allowed when oral diet was considered well tolerated and satisfactory. Postoperative prescriptions included thromboprophylaxis with low molecular weight heparin for 15 days, analgesic and proton pump inhibitor for 1 month.

Patients took part in a standard 5-year follow-up program consisting of 4 visits to the outpatient clinic during the first postoperative year and an annual consultation for the next 4 years. Complete metabolic screening was performed at 3 months and 1 year, and upper gastrointestinal series at 3 months. Weight loss and remission of comorbidities were evaluated. The postoperative course of comorbidities was defined as follows: i) remission: no symptoms/without any medication; ii) improvement: less symptoms and/or less medical treatment/medication; iii) unchanged: same symptoms and equivalent therapy; iv) worsened: more symptoms or increase of therapy.

Follow up relating specifically to IIH was done with repeat neuroophthalmologic examinations during regular neurology and ophthalmology appointments. Repeat CSF pressure measurements were not systematically obtained. 

Data collection and statistical analysis

Perioperative results

Intraoperative and postoperative results are shown in Table 2. All LSGs were completed laparoscopically with no need for conversion to open surgery. Median duration of surgery was 51 minutes (range: 32-80 minutes), with minimal median estimated blood loss (20 ml, range: 20-100 ml) and no need for transfusion. One complication was recorded: a patient developed unilateral pleural effusion that necessitated respiratory kinesiotherapy in the surgical ward. Median length of hospital stay was 4 days (range: 1-5 days). No mortality was recorded.

Weight loss outcomes and comorbidities evolution

At the time of analysis, all patients had reached at least 1 year after LSG and were considered for evaluation (Table 3). Postoperative follow-up ranged from 12 to 48 months (median: 19 months). No patients were lost to follow-up at one year (100% follow-up rate) and seven patients reached the post-operative two-year time-point (100% follow-up rate). One year after surgery, median BMI decreased significantly to 27.7 kg/m² (range: 20.8-30.8 kg/m²; p=0.003) with a mean %EWL of 87.4% (mean %TWL of 37.3%). For the 7 patients reaching the two years after surgery time-point, median BMI decreased significantly to 26.6 kg/m² (range: 21.6-31.6 kg/m²; p < 0.05) with a mean %EWL of 88.1% (mean %TWL of 40%). All comorbidities were improved at one-year follow-up (as well as two-year follow-up for 7 patients), with arthralgia showing statistically significant remission (Table 3). Occurrence of trocar-site hernia was not observed postoperatively, assessed by clinical examination during surgical consultation as well as CT-scan performed in case of hernia suspicion.

Postoperative outcomes related to IIH

Evaluation of postoperative outcomes related to IIH at one year post-LSG are shown in Table 4. Fourteen patients (93.3%) reported complete remission of their headaches (p < 0.001). One patient had low severity occasional headaches, considered as migraine headaches by her neurologist. Pulsatile tinnitus, visual symptoms and epistaxis resolved in 8 out of 8 (p = 0.013), 13 out of 13 patients (p < 0.001) and 1 out of 1 patients (p=1.00), respectively. All 15 patients had no papilledema on ophthalmologic examination (p < 0.001). Seven patients with initial visual field impairment had normal visual field and one patient had visual field improvement. Visual acuity was normalized in 4 out of 6 patients and improved in the 2 other. Only one patient was in need for IIH medication one year after LSG (p < 0.001). To date, no patients required decompressing lumbar puncture after surgery. Two years after LSG, IIH outcomes for the seven patients that reached this time point 270 remained unchanged (complete resolution of headaches, absence of pulsatile tinnitus and visual symptoms, absence of epistaxis, absence of papilledema, one patient in need of medication).

DISCUSSION

The original diagnostic criteria for IIH were first described by Dandy [START_REF] Dandy | Intracranial Pressure without Brain Tumor: Diagnosis and Treatment[END_REF] and have been modified over the years. The latest version of the criteria was published in 2013 by Friedman et al. [START_REF] Friedman | Revised diagnostic criteria for the pseudotumor cerebri syndrome in adults and children[END_REF] . All patients in our cohort met those criteria since they all had papilledema, normal brain imaging without hydrocephalus or presence of a mass or structural lesions, normal neurological examination except for cranial nerves exam (visual field defects, tinnitus, diplopia) and elevated opening CSF pressure (> 25 cmH2O in adults) with normal fluid composition. They had been all initially investigated and followed by specialist neurologists and/or ophthalmologists before diagnosis of IIH was established.

Obesity prevalence among IIH patients ranges from 70.5 to 94 % [START_REF] Rowe | The relationship between obesity and idiopathic intracranial hypertension[END_REF][START_REF] Wall | Idiopathic intracranial hypertension and the idiopathic intracranial hypertension treatment trial[END_REF] .

Obesity plays a major role in the development of IIH but cannot explain all IIH pathophysiology since 6 -30% of IIH patients are not obese and IIH is not frequent among severely obese patients. In addition to the increased intrabdominal pressure in central obesity that leads to decreased CSF resorption through increased thoracic and central venous pressures, two other obesity-related factors are hypothesized risk factors for increased ICP.

First, the hypercoagulable state associated with obesity may cause occult cerebral venous sinus micro-thrombosis leading to increased cerebral venous pressure and reduced CSF absorption. Second, the endocrinologically active secretions from adipose tissue are proposed to increase CSF secretion [START_REF] Manfield | Bariatric Surgery or Non-surgical Weight Loss for Idiopathic Intracranial Hypertension? A Systematic Review and Comparison of Meta-analyses[END_REF] . Therefore, targeting obesity had always been an essential part of the management of IIH and conservative weight loss strategies are traditionally advocated for all overweight IIH patients [START_REF] Banik | Obesity and the role of nonsurgical and surgical weight reduction in idiopathic intracranial hypertension[END_REF] . In our cohort, all patients were administered a low-calorie diet by their treating specialists during the initial medical treatment period, with partial improvement of their condition for some of them.

Conventional treatments of IIH range from medical therapies to surgical procedures and are directed at lowering ICP to relieve symptoms and prevent blindness [START_REF] Piper | Interventions for idiopathic intracranial hypertension[END_REF] . The mainstay of medical therapy is acetazolamide, a carbonic anhydrase inhibitor that reduces CSF secretion, which was used preoperatively for all patients in this series. Corticosteroids can rapidly decrease ICP but are not suitable for chronic use because of their undesirable side effects in IIH (weight gain and fluid retention) and the possible rebound of intracranial hypertension as the dose is tapered.

Topiramate is useful for headache prevention and often produces weight loss that is a desirable side effect in most IIH patients [START_REF] Friedman | The pseudotumor cerebri syndrome[END_REF] . It was used in association with acetazolamide in one patient of our cohort. Serial decompressing lumbar punctures, required in four of our patients, are not routinely recommended because they are painful and technically difficult to perform on obese individuals. They are occasionally used to control exacerbation of symptoms. In patients with rapid or progressive visual deterioration, despite optimal medical therapy, surgical options such as CSF diversion procedures and optic nerve sheath fenestration (ONSF) should be considered [START_REF] Peralta | An update of idiopathic intracranial hypertension[END_REF] . However, CSF shunting procedures are limited by high failure and revision rates [START_REF] Committee | Effect of acetazolamide on visual function in patients with idiopathic intracranial hypertension and mild visual loss: the idiopathic intracranial hypertension treatment trial[END_REF][START_REF] Mcgirt | Cerebrospinal fluid shunt placement for pseudotumor cerebri-associated intractable headache: predictors of treatment response and an analysis of long-term outcomes[END_REF] . While all medical and surgical conventional treatments of IIH directly target the elevated ICP, weight loss is the only part of the management that addresses the etiology in obese IIH patients. Thus, optimizing and maintaining weight loss leads to better and sustainable IIH outcomes. Bariatric surgery is the best available treatment to achieve sufficient and sustainable weight loss and has been proposed as an alternate treatment for severely obese IIH patients, whilst also improving other metabolic comorbidities and reducing cancer risk [START_REF] Schauer | Bariatric Surgery and the Risk of Cancer in a Large Multisite Cohort[END_REF][START_REF] Stroud | Association between weight loss and serum biomarkers with risk of incident cancer in the Longitudinal Assessment of Bariatric Surgery cohort[END_REF] . There is small amount of data supporting bariatric surgery for the treatment of IIH limited to few observational studies and case reports. The results of this study suggest that LSG is safe in severely obese patients with IIH and can be performed with low morbidity resulting in weight loss, comorbidities remission and improvement or remission of IIH-related symptoms that is clinically and statistically significant. The role of weight loss and bariatric surgery (LSG in our case) for the treatment of IIH is emphasized, in accordance with previously published data. However, to draw safe conclusions on the real impact of bariatric surgery (and LSG) for the treatment of IIH, further data with larger numbers of patients would be helpful to confirm our very favorable experience.

The hereby presented study has several limitations that should be underlined. First, even though this is one of the largest series on severely obese IIH patients undergoing LSG, the total number of patients is small and these results should be confirmed by larger cohorts. Second, despite the use of a prospective electronic database, our analysis is exposed to inherent classical bias due to its retrospective bicentric nature. Third, the lack of a control group. Fourth, there are no postoperative ICP measurements since patients did not suffer anymore from IIH symptomatology. 

  Data from all consecutive patients who underwent LSG in two specialized bariatric surgery centers between August 2010 and May 2019 were prospectively collected after informed consent by patients and institutional review board approval. Records of severely obese patients suffering from IIH were retrospectively analyzed. IIH patients were referred to bariatric surgery units by neurology or ophthalmology specialists after standard investigations, including brain computed tomography and/or magnetic resonance imaging (MRI) as well as regular follow up. A lumbar puncture was performed by the referring neurologist for CSF opening pressures and all patients underwent ophthalmologic examination for evidence of papilledema and visual field defects. Diagnosis of IIH was based on the following criteria: suggestive symptoms (severe persistent headaches, pulsatile tinnitus or visual impairment), normal neurological examination, negative brain imaging study, presence of papilledema or visual field defects and CSF opening pressure > 25 cm H2O with normal fluid composition. Every patient underwent rigorous pre-operative evaluation by a multidisciplinary team consisting of a gastroenterologist, a nutritionist, an anesthesiologist and a surgeon. Standard investigations were carried out during preoperative follow-up, including esophagogastroduodenoscopy, upper gastrointestinal series, abdominal ultrasonography, polysomnography, and endocrinologic and nutritional evaluations. Psychological evaluation was performed for all patients, with referral to a psychiatrist if necessary.

11 RESULTS

 11 Data were prospectively gathered in our electronic database. Data of interest were patient general and IIH characteristics, postoperative course, IIH outcomes, weight loss outcomes and comorbidities evolution. Surgery-related mortality was considered death of any cause occurring within the first 30 postoperative days. Staple-line leakage was regarded as a complication when an intra-abdominal abscess, requiring drainage or antibiotic treatment, was found on a CT-scan or during relaparoscopy. Postoperative bleeding was scored as a complication when medical management, blood transfusion or reintervention was required. For weight loss and comorbidity evaluation, only patients with at least 1-year follow-up were included. Percentage of excess weight loss (EWL) was calculated using the formula: %EWL= [weight loss (kg) / excess weight (kg)] x 100. Excess weight was based on the patient's ideal weight with a BMI of 25 kg/m 2 . Quantitative variables are expressed as Between January 2016 and May 2019, 15 severely obese patients with IIH underwent LSG. All patients were female with a median age of 31 years (range: 22-53 years). Median preoperative weight and body mass index (BMI) were 112 kg (range: 92-132 kg) and 42.1 kg/m² (range: 36.7-53.5 kg/m²),respectively. Among the 15 patients, one had undergone previous abdominal surgery (cholecystectomy). Evaluation of major comorbidities at preoperative screening revealed no associated co-morbidities in 7 patients and for the other 8 patients: diabetes (n=1), arterial hypertension (n=2), OSAS (n=6), NASH/dyslipidemia (n=5), severe joint pain (n=7) and GERD (n=2) (Table1).Preoperative characteristics related to IIH are shown inTable 4. Fourteen patients (93.3%) had daily headaches at the time of IIH diagnosis. Thirteen patients (86.6%) presented visual symptoms: 8 presented transient visual obscurations, 4 suffered persistent and progressive visual loss and 1 patient presented with diplopia. Pulsatile tinnitus was present in 8 patients (53.3%). One patient (6.6%) presented multiple episodes of epistaxis. Eleven patients had negative initial neuroimaging study and 4 patients had MRI changes typical of increased ICP without identifiable secondary cause. Median initial CSF opening pressure was 31 cmH2O (range: 25-50 cmH2O). Initial ophthalmologic assessment showed bilateral papilledema in all 15 patients. Eight of 13 patients with visual symptoms had visual field defects and six patients had decreased visual acuity (4 bilateral and 2 unilateral). All patients were on medications for IIH (Acetazolamide), one of whom on dual therapy (Acetazolamide + Topiramate) at the time of referral. Four patients required repeated decompressing lumbar punctures to improve their visual loss, one of whom required a ventriculoperitoneal shunt placement. Median time between diagnosis of IIH and surgery was 29 months (range: 6-96 months).

  Finally, only 7 out of 15 patients reached the two-year postoperative time point at the time of analysis, providing therefore partial long-term data of sustained impact of LSG on IIH. CONCLUSION This study promotes the important role of LSG and weight loss for the treatment of IIH in severely obese patients. Weight loss is associated with a marked improvement or remission of IIH-related symptomatology and discontinuation or decreased needs for IIH-medication. This treatment option should be considered in selected IIH patients with severe obesity, especially when all conventional therapies have been exhausted. Considering the multifactorial character of IIH, careful patient selection after adequate risk versus benefit evaluation by an expert multidisciplinary team (including neurology and/or ophthalmology experts) is essential. Further well-designed randomized studies in specialized bariatric centers are necessary to draw safe conclusions on the long-term role of LSG for the treatment of IIH.

TABLE 1 . Characteristics of patients (n = 15)

 1 

	Age (years), median (range)	31 [22-53]
	Gender (F/M)	15 / 0
	Weight (kg), median [range]	112 [92-132]
	BMI (kg/m²), median [range]	42.1 [36.7-53.5]
	Comorbidities	
	Diabetes, n (%)	1 (6.6)
	Arterial hypertension, n (%)	2 (13.3)
	NASH / dyslipidemia, n (%)	5 (33.3)
	OSAS, n (%)	6 (40)
	Arthralgia, n (%)	7 (46.6)
	GERD, n (%)	2 (13.3)
	Previous abdominal surgery (non-bariatric)	1 (6.6)
	BMI = body mass index; NASH = nonalcoholic steatohepatitis; OSAS =
	obstructive sleep apnea syndrome; GERD = gastroesophageal reflux
	syndrome.	

TABLE 2 . Intraoperative and postoperative results (n = 15).
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	Conversion to laparotomy, n (%)	0
	Operative time (min), median [range]	51 [32-80]
	Intraoperative blood loss (ml), median [range]	20 [20-100]
	Transfusion, n (%)	0
	Postoperative complications, n (%)	1 (6.6)
	Pulmonary	1 (6.6)
	Length of hospital stay (days), median [range]	4 [1 -5]
	Mortality, n (%)	0

TABLE 3 . Weight loss and comorbidities evolution at 1 year (n = 15).
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	At screening	At one year	p*

TABLE 4 . IIH preoperative data and postoperative outcomes (n = 15).
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	At screening	At one year	p*