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Introduction

Gorham and Stout published the first article with a precise clinical and pathological description of what became the Gorham-Stout Disease (GSD) in 1955 [START_REF] Gorham | Massive osteolysis (acute spontaneous absorption of bone, phantom bone, disappearing bone); its relation to hemangiomatosis[END_REF]. However, even today, this aggressive bony vascular disease is poorly understood and its management remains a challenge. GSD induces progressive osteolysis and disseminated or focal destruction of the bone, especially in the child or young adult. Any part of the skeleton can be involved but the most common site are the ribs, followed by the cranium, clavicle and cervical spine [START_REF] Lala | Gorham-Stout disease and generalized lymphatic anomaly--clinical, radiologic, and histologic differentiation[END_REF]. When it concerns the skull base, the bony defects can entail life-threatening situations mainly due to CSF leaks or cervical instability [START_REF] Adler | Intraosseous CSF fistula in a patient with Gorham disease resulting in intracranial hypotension[END_REF][START_REF] Cushing | Gorham-stout syndrome of the petrous apex causing chronic cerebrospinal fluid leak[END_REF][START_REF] Evans | Lymphangiomatosis of skull manifesting with recurrent meningitis and cerebrospinal fluid otorrhea[END_REF][START_REF] Evrenos | Case Report: Gorham-Stoute Syndrome with Involvement of Majority of Mandible, and Partial Maxillary, Temporal and Zygomatic Bones[END_REF][START_REF] Girn | Gorham's disease of skull base and cervical spine--confusing picture in a two year old[END_REF][START_REF] Hernandez-Marques | Gorham-Stout disease and cerebrospinal fluid otorrhea[END_REF][START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF][START_REF] Iyer | Cerebrospinal fluid rhinorrhoea from massive osteolysis of the skull[END_REF][START_REF] Jea | A rare case of lymphangiomatosis of the craniocervical spine in conjunction with a Chiari I malformation[END_REF][START_REF] Mawk | Successful conservative management of Gorham disease of the skull base and cervical spine[END_REF][START_REF] Morimoto | Gorham-Stout syndrome affecting the temporal bone with cerebrospinal fluid leakage[END_REF][START_REF] Mowry | Gorham-Stout disease of the temporal bone[END_REF][START_REF] Mulvihill | Gorham-Stout disease of the temporal bone involving the temporomandibular joint[END_REF][START_REF] Nazarian | Cranial lymphangiomatosis causing CSF otorrhea and recurrent meningitis: CT features[END_REF][START_REF] Nozawa | Gorham-Stout Disease of the Skull Base With Hearing Loss: Dramatic Recovery and Antiangiogenic Therapy[END_REF][START_REF] Patel | Increased Intracranial Pressure in a Boy with Gorham-Stout Disease[END_REF][START_REF] Suero Molina | Cerebrospinal fluid leakage in Gorham-Stout disease due to dura mater involvement after progression of an osteolytic lesion in the thoracic spine: Case report[END_REF].

To our knowledge, this is the largest published case series of patients with GSD skull base defects. The aim of this study was to better describe the challenges of skull-base defects in GSD and discuss their management.

Methods

We conducted a retrospective study of all consecutive patients with GSD and skull-base defects in two paediatric tertiary care centres. There were no exclusion criteria. All patients had pathology confirmation of the disease.

The patients' medical records were reviewed for clinical, imagery, treatment and follow-up data. Patients were contacted by phone or by e-mail to have the latest status concerning symptoms and ongoing treatment.

As this disease is rare, we decided to include data from previously published case reports to increase our population [START_REF] Héritier | Retrospective French nationwide survey of childhood aggressive vascular anomalies of bone, 1988-2009[END_REF]. Extensive literature search was performed from 1980 to 2018 using PubMed and Google Scholar to find all case reports published in English with description of Gorham Stout skull base locations. Key phrases used in the search included: Gorham Stout, skull base, temporal bone, vertebral, ENT, neurosurgery, vanishing bone. This data was compared to our findings and the larger dataset including the literature and our patients was analysed.

Statistical analysis was made using XLstats (Addinsoft, New York, NY). Continuous data was summarized with means and standard deviation and compared using the nonparametric Mann-Whitney test. Categorical data was summarized with frequency counts and proportions and compared using the chi-square test. A p value < .05 was considered significant.

Ethical considerations

Patients and their parents received oral and written information concerning the study and signed a consent form. The study conforms to the Declaration of Helsinki and was approved by our local ethics committee (Conseil d'Ethique de Necker-Enfants Malades -CENEM -Ref 2018-FS 11). None of the authors have any conflict of interest to declare.

Results

We included 6 patients (5 males, 1 female) who presented GSD with skull base defects and who were treated in our institutions. All but one patient were treated between 2005 and 2017, one patient in 1990. Mean age at diagnosis was 3.5 years (range 0 to 10), including one prenatal ultrasound diagnosis due to discovery of associated cervical lymphangioma.

Pregnancies were all uneventful. The first symptom prompting consultation was bacterial meningitis in two cases, mastoiditis in one, cervical lymphangioma infection and recurrent torticollis in one. Histology confirmed the diagnosis in 5 cases (petrous bone in two cases, calvaria in one case, cervical vertebrae in one case, femur in one case). In one patient (case 5), cervical lymphangioma extended towards the skull base defects and biopsy was not required.

Bone scintigraphy was done only in one case and was normal.

Description of skull base location of GSD can be found in Table 1. In brief, the patients were divided into two groups, according to the main anatomical location, either Naso-Temporal (NT) or Vertebro-Temporal (VT) groups. NT group had lesions of the petrous bone extending anteriorly to the sphenoid and ethmoid bone (Figure 1 and Figure 2), the temporo-mandibular joint (TMJ) and mandible (67% of cases, patients 1, 2, 3 and 5). VT group included lesions of the temporal bone extending posteriorly to the occipital bone and cervical vertebrae (33% of cases, patients 4 and 6 -Figure 3).

Medical history and symptoms are reported in Table 2. In brief, symptoms differed between NT and VT groups. The main issues in the NT group were cerebral-spinal fluid (CSF) leaks (Figure 2), either through the nasal cavity (sphenoid-ethmoid defects) or through the middle ear (petrous defects). The average number of bacterial meningitis was 5 per NT patient (range 3 to 7) and in all four patients, infections were consecutive (two to three over three months).

Streptococcus Pneumoniae was found in eight cases (40%), Streptococcus in two (10%), Haemophilus and Enterococcus both in one (5%), and no germ detected in eight cases (40%).

Two patients presented severe meningitis sequelae (in both cases due to Pneumococca infections), in one case unilateral cophosis and in the other temporal epilepsy and third cranial nerve palsy. None of the patients had facial nerve palsy or hearing loss due to the defects.

In the VT group, no cases of CSF leaks or meningitis were reported. The main issue in this group was cervical instability and medullar compression (Figure 3), resulting in the death of both patients and with a medical history of tetraparesis and recurrent chylothorax in patient 6 (Figure 3). Concerning medical treatment, four patients had pegylated interferon alpha (IFN) therapy during 11 months on average (range 2 to 22 months), associated in two cases with a stabilisation of the lesions. IFN had to be stopped in three of those cases, two due to adverse effects and in one case due to ongoing meningitis. Bisphosphonate treatment (zoledronate or pamidronate) was associated to IFN in three cases, and used alone in another (patient 3, currently stable but treatment had to be stopped due to abnormal osteodensitometry T-score +4). No patient had radiotherapy or rapamycin.

All patients were operated on (mean number of operations per patient 2.2; range 1-3). VT patients both had surgery in an attempt to prevent medullar compression (decompression and corporectomy). NT patients all had surgery to stop CSF leakage. One patient had three endonasal surgeries to close an anterior skull base defect using fat and local grafts (lower turbinate bony graft and naso-septal graft). Three others had petrectomy and middle ear obliteration (of which two patients had secondary endonasal ligature of the Eustachian tube).

In each case, CSF leak stoppage was satisfactory but temporary (no precise duration available, but in each case patients report leakage in the following months). Of the four NT patients, CSF leakage is currently persistent in two patients and has stopped in the other two due to a stabilisation of the GSD lesions.

Follow-up since diagnosis was of 5.2 years (range 1.7 to 11.1) with currently two deaths, two patients with progressive lesions and two patients with stable lesions.

A systematic literature review found 17 case reports from 1979 to 2018 of 17 patients presenting GSD with skull-base defects. Results from the literature were also divided in 8 NT and 7 VT locations (two patients not fitting in these groups included an isolated type I Chiari malformation and TMJ defect). The comparison to our results can be found in Table 3.

Difference between our study and the literature was overall not found to be statistically significant, except for the number of surgical procedures each patient had (2.2 vs 1.3, p = 0.05).

Discussion

We present in this article 6 patients with GSD and skull base defects. Overall, our population was young which corresponds to typical GSD presentation. Most of our cases were males, which was not statistically significant compared to the literature. This is, to our knowledge, the largest case-series of GSD with skull base defects. In the literature review, 17 case-reports were found and compared to our data [START_REF] Adler | Intraosseous CSF fistula in a patient with Gorham disease resulting in intracranial hypotension[END_REF][START_REF] Cushing | Gorham-stout syndrome of the petrous apex causing chronic cerebrospinal fluid leak[END_REF][START_REF] Evans | Lymphangiomatosis of skull manifesting with recurrent meningitis and cerebrospinal fluid otorrhea[END_REF][START_REF] Evrenos | Case Report: Gorham-Stoute Syndrome with Involvement of Majority of Mandible, and Partial Maxillary, Temporal and Zygomatic Bones[END_REF][START_REF] Girn | Gorham's disease of skull base and cervical spine--confusing picture in a two year old[END_REF][START_REF] Hernandez-Marques | Gorham-Stout disease and cerebrospinal fluid otorrhea[END_REF][START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF][START_REF] Iyer | Cerebrospinal fluid rhinorrhoea from massive osteolysis of the skull[END_REF][START_REF] Jea | A rare case of lymphangiomatosis of the craniocervical spine in conjunction with a Chiari I malformation[END_REF][START_REF] Mawk | Successful conservative management of Gorham disease of the skull base and cervical spine[END_REF][START_REF] Morimoto | Gorham-Stout syndrome affecting the temporal bone with cerebrospinal fluid leakage[END_REF][START_REF] Mowry | Gorham-Stout disease of the temporal bone[END_REF][START_REF] Mulvihill | Gorham-Stout disease of the temporal bone involving the temporomandibular joint[END_REF][START_REF] Nazarian | Cranial lymphangiomatosis causing CSF otorrhea and recurrent meningitis: CT features[END_REF][START_REF] Nozawa | Gorham-Stout Disease of the Skull Base With Hearing Loss: Dramatic Recovery and Antiangiogenic Therapy[END_REF][START_REF] Patel | Increased Intracranial Pressure in a Boy with Gorham-Stout Disease[END_REF][START_REF] Suero Molina | Cerebrospinal fluid leakage in Gorham-Stout disease due to dura mater involvement after progression of an osteolytic lesion in the thoracic spine: Case report[END_REF]. Our results were comparable to the literature (except for the number of surgery procedures per patient, which may be due to a recruitment bias as one of our departments is a national reference centre for the disease).

The temporal bone seems to be a central structure involved in skull base GSD. This can be found in all cases described in our study, and in all-but-one cases of the literature (only two authors described skull base GSD without temporal involvement) [START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF]. From this central structure, we distinguished two separate entities, with specific anatomic locations, bony defects, symptoms and surgical managements. The majority of our patients and in the literature had NT lesions with CSF leaks inducing recurrent meningitis. The other group of VT lesions did not have any CSF leak but had a high risk of medullar compression. Both locations are life-threatening and should be the main preoccupation of both ENT and neurosurgeons following these patients. Also, patients with limited disease of the anterior temporal region (TMJ for example), should have a specific surveillance for CSF leak [START_REF] Galiay | Temporomandibular joint anomalies in pediatric craniofacial Gorham-Stout disease[END_REF]. Inversely, TMJ defects and Chiari type I malformations (Figure 3) are frequent lesions and should both systematically be searched for in any patient presenting GSD skull base defects [START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF][START_REF] Jea | A rare case of lymphangiomatosis of the craniocervical spine in conjunction with a Chiari I malformation[END_REF][START_REF] Mulvihill | Gorham-Stout disease of the temporal bone involving the temporomandibular joint[END_REF][START_REF] Liu | Mandibular Gorham-Stout disease: A case report and literature review[END_REF].

It is unclear in our series if the patients with currently stable skull base lesions are so due to general medical treatment or due to a spontaneous stop in GSD progress. However, in NT locations, it seems that surgery to stop CSF leakage is inefficient if the disease is not stabilised as the leakage tends to reappear around the operated site in the skull base. Thus, we would suggest that surgery be considered only in patients with stable lesions to fix residual CSF leaks or in life-threatening situations (for example recurrent or resistant meningitis). In VT locations however, surgical stabilisation of the cervical vertebrae should be a priority to prevent sudden tetraparesis or death. Also in those cases, stabilisation of the disease should be sought medically to prevent new occipital and vertebral defects that endanger the patient (as in our series).

The main medical therapies reported in our case series were bisphosphonates and IFN. Both treatments had, in some patients, to be stopped due to side effects. Both treatments were unsuccessful in at least one case (progress of the disease during treatment) and in cases of stabilisation we lack data to clearly make out any statistical correlation. Patient 5 has started rapamycin treatment, but we do not yet have enough follow-up to comment on the effects.

Authors report many different medical therapies to try and stabilise GSD, but, as in our experience, none are widely accepted. This is of course due to the rarity of the disease and absence of any high-evidence studies but also due to lack of reproducibility of results from one case-report to the other. Radiotherapy has been used in the past but has been widely abandoned in children due to side effects [START_REF] Girn | Gorham's disease of skull base and cervical spine--confusing picture in a two year old[END_REF][START_REF] Jea | A rare case of lymphangiomatosis of the craniocervical spine in conjunction with a Chiari I malformation[END_REF][START_REF] Mawk | Successful conservative management of Gorham disease of the skull base and cervical spine[END_REF][START_REF] Dunbar | Gorham's massive osteolysis: the role of radiation therapy and a review of the literature[END_REF][START_REF] Heyd | Radiation therapy for Gorham-Stout syndrome: results of a national patterns-of-care study and literature review[END_REF]. Bisphosphonates (either pamidronate or zoledronate) have been widely used in our centre and in the literature, as they limit osteoclast activity and zoledronate may have antiangiogenic activity [START_REF] Adler | Intraosseous CSF fistula in a patient with Gorham disease resulting in intracranial hypotension[END_REF][START_REF] Hernandez-Marques | Gorham-Stout disease and cerebrospinal fluid otorrhea[END_REF][START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF][START_REF] Suero Molina | Cerebrospinal fluid leakage in Gorham-Stout disease due to dura mater involvement after progression of an osteolytic lesion in the thoracic spine: Case report[END_REF][START_REF] Avelar | Use of zoledronic acid in the treatment of Gorham's disease[END_REF]. To date, the most promising medical treatment seems to be antiangiogenic therapy and especially IFN and mTOR inhibitor rapamycin which both downregulate VEGF (vascular endothelial growth factor) and decrease GSD angiogenesis. Recent papers report stabilisation and even bone reconstruction after prolonged IFN and rapamycin therapy [START_REF] Adler | Intraosseous CSF fistula in a patient with Gorham disease resulting in intracranial hypotension[END_REF][START_REF] Hernandez-Marques | Gorham-Stout disease and cerebrospinal fluid otorrhea[END_REF][START_REF] Hughes | Disappearing bone disease and Chiari I malformation[END_REF][START_REF] Morimoto | Gorham-Stout syndrome affecting the temporal bone with cerebrospinal fluid leakage[END_REF][START_REF] Nozawa | Gorham-Stout Disease of the Skull Base With Hearing Loss: Dramatic Recovery and Antiangiogenic Therapy[END_REF][START_REF] Suero Molina | Cerebrospinal fluid leakage in Gorham-Stout disease due to dura mater involvement after progression of an osteolytic lesion in the thoracic spine: Case report[END_REF][START_REF] Cramer | Gorham-Stout Disease Successfully Treated With Sirolimus and Zoledronic Acid Therapy[END_REF][START_REF] Lackner | Sirolimus for the treatment of children with various complicated vascular anomalies[END_REF][START_REF] Triana | Sirolimus in the Treatment of Vascular Anomalies[END_REF].

The main difficulty as can be seen in our case-series is the management of side effects which can be numerous especially with IFN. In our experience and regard the literature, there is no evidence to support that treatment strategy or prognosis is any different according to age. The medical therapy in this rare disease must be tailored to the child, taking into account the personal history, the severity (urgent treatment can be required in skull base defects) and side effects.

The main drawback of this article is the small number of patients included. This is directly due to the rarity of the disease and location but induced a lack of statistical power. However, as it has been shown in our literature review, the small number of patients means that prospective and comparative studies will be difficult to conduct. GSD disease is poorly understood and tertiary centres managing patients, especially with life-threatening skull base defects, should share their experience to offer the best tailored strategy.

Conclusion

We report six cases of Gorham-Stout disease with skull base defects. We compared them to case reports in the literature and were able to determine two groups with distinct anatomical locations, specific risks and surgical options. Naso-temporal locations mainly induce CSF leaks and recurrent, potentially debilitating, meningitis. Vertebro-temporal locations can cause cervical vertebrae instability and are at risk of medullar compression and death. In both locations, surgery is required to limit life-threatening situations but was found to be insufficient if the disease was progressing. Thus, general medical treatment (especially antiangiogenic therapy) to stabilise the defects is key if any long-lasting effects are to be expected. Surgery should be limited to last-resort situations.

Ethics: Written informed consent was obtained from all patients. 
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 1 Figure 1: Nasotemporal Gorham-Stout location (Patient 2)

Figure 3 :

 3 Figure 3: Vertebro-temporal Gorham-Stout location (patient 6)

  

  

Table 1 :

 1 Detailed disease location for each patient Naso-temporal locations. ‡ Vertebro-temporal locations. TMJ Temporo-mandibular joint.

	Patient	1 †	2 †	3 †	4 ‡	5 †	6 ‡
	Ethmoid bone	+					
	Sphenoid bone	+	+	+			
	Petrous bone	+	+	+		+	
	Internal Auditory Canal +	+	+			
	Occipital bone	+			+	+	+
	Chiari I malformation	+	+	+	+		+
	TMJ	+	+	+		+	+
	Cervical Vertebrae	C4			C1-C2		C1-C7
	Calvaria	+			+	+	
	Cervical lymphangioma			+	+	+	
	Limbs	+		+	+		
	†						
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