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Purpose.

The purposes of this study were to estimate the prevalence of Rathke cleft cysts (RCC) in a pediatric population on brain MRI, to describe their appearance, and to estimate interobserver agreement in the detection of RCC.

Material and method. The brain MRI examinations of 460 children were retrospectively reviewed by two radiologists for the presence of RCC. There were 223 boys and 237 girls with a mean age of 8.8 ± 4.3 (standard deviation [SD]) years (range: 0.1 -14.9 years). When present, RCC were analyzed with respect to internal contain and further classified as serous RCC (i.e., high signal on T2-weighted sequences and iso or low signal on T1-weighted sequences) or mucosal RCC (i.e., low signal on T2-weighted sequences and high or iso signal on T1-weighted sequences). Cohen's Kappa coefficient was used to estimate interobserver agreement between the interpretations performed by the two radiologists for the presence of RCC.

Results.

A total of 14 children had a RCC present on brain MRI, yielding a prevalence of 3.04 % (14/460); of these, 3/14 RCCs (21%) were of serous type and 11/14 (79%) were of mucosal type. Interobserver agreement for the presence of RCC was strong (Kappa = 0.85; 95% CI: 0.70; 0.99).

Conclusion.

The results of our study suggest that the prevalence of RCCs in children is greater than previously described.

Introduction

Rathke cleft cysts (RCCs) are benign cystic lesions of the sellar region that develop from epithelial remnants of the Rathke pouch formed during embryonic development [START_REF] Bonneville | Rathke's cleft cyst[END_REF][START_REF] Byun | MR imaging findings of Rathke's cleft cysts: significance of intracystic nodules[END_REF]. Rathke pouch is formed from an outgrowth of the stomodeum (or primitive oral cavity) during the 3 rd or 4 th week of embryonic development [START_REF] Bonneville | Rathke's cleft cyst[END_REF]. The stomodeum moves in a craniocaudal direction and forms the cranio-pharyngeal canal, whose proximal part subsequently closes. The distal part widens and becomes the Rathke pouch, which comes into contact with the infundibular process from the neural tube. Together, the whole entity forms the pituitary gland. The anterior wall of Rathke pouch becomes the anterior lobe of the pituitary gland, and the posterior wall becomes the pars intermedia [START_REF] Byun | MR imaging findings of Rathke's cleft cysts: significance of intracystic nodules[END_REF][START_REF] Saeki | Rathke's cleft cyst with large frontal extension: unusual shape and pathomechanism of its formation[END_REF]. The lumen between the two walls closes during normal embryonic development, but may persist as an epithelium-lined slit with mucus and ciliated cells, constituting an RCC. Forty p. cent of RCCs are intra-pituitary and small lesions that develop on the midline seam because of their embryological origin [START_REF] Osborn | Intracranial cysts: radiologic-pathologic correlation and imaging approach[END_REF]. Rarely, RCCs develop in the suprasellar region and sphenoidal sinuses [START_REF] Saleem | Lesions of the hypothalamus: MR imaging diagnostic features[END_REF]. They may then be symptomatic, causing vision changes, headaches, and endocrine disorders [START_REF] Oh | Clinical and radiological findings of incidental Rathke's cleft cysts in children and adolescents[END_REF]. With a prevalence of 3.9%, intrasellar RCCs are considered the most common incidentalomas on brain magnetic resonance imaging (MRI) in adult [START_REF] Reneman | Incidental head and neck findings on MRI in young healthy volunteers: prevalence and clinical implications[END_REF], but their prevalence is estimated to be lower in children [START_REF] Takanashi | Pituitary cysts in childhood evaluated by MR imaging[END_REF]. However, only one study has analyzed the prevalence of RCCs in children under the age of 15 years and has estimated it at 1.2% [START_REF] Takanashi | Pituitary cysts in childhood evaluated by MR imaging[END_REF]. Because RCCs are embryological remnants it may be assumed that their prevalence should decrease gradually with age. MRI, particularly suitable for the study of the sellar region thanks to thin slices and fast sequences, is increasingly used, which has improved the detection of small pituitary lesions [START_REF] Mnif | MRI in the diagnosis of Rathke's cleft cyst[END_REF][START_REF] Jemal | Fluid-fluid level in postpartum pituitary microadenoma necrosis on MRI[END_REF]. It is possible that the prevalence of RCCs in children was previously underestimated, partly because of less effective imaging modalities and partly because of the small number of patients in the single published study to date [START_REF] Takanashi | Pituitary cysts in childhood evaluated by MR imaging[END_REF].

The purposes of this study were to estimate the prevalence of RCC in a pediatric population on brain MRI, to describe their appearance, and to estimate interobserver agreement in the detection of RCC.

Materials and methods

Patients

This single-center, retrospective, observational study was approved by our institutional review board and the need for written informed consent was waived. The three authors (F.C., B.S. and S.A.) of this study had access to the study data.

The inclusion criteria were: patients with an age ≤ 15 years who had undergone MRI including the sellar region in our institution between January 31 st , 2016 and January 31 st , 2018, and an MRI protocol including T1-and T2-weighted spin echo (SE) MRI sequences obtained in the sagittal plane.

We excluded patients with suspected pituitary pathology due to endocrine symptomatology (retarded growth, delayed puberty, diabetes insipidus) that could be ascribed to intrasellar injury. Patients with incomplete MRI protocol and patients whose MRI images had artifacts (patient movement, presence of dental material) that could prevent the detection of pituitary lesions and/or render interpretation impossible were also excluded from the study. The radiological information system DxImage (version 4.9.4.9) was used to obtain the list of patients with an age ≤ 15 years who had undergone MRI examination of the sellar region in our institution between January 31 st , 2016 and January 31 st , 2018. A total of 1618 children with an age ≤ 15 years at the time of the MRI of the sellar region were initially retrieved. Figure 1 shows patients inclusion into the study.

The final study population included 460 children meeting the inclusion criteria.

There were 223 boys and 237 girls with a mean age of 8.8 ± 4.3 (standard deviation [SD]) years (range: 0.1 -14.9 years).

MRI protocols

All patients had MRI of the sellar region with the following protocols: T1-weighted SE MRI sequences in the sagittal plane with a slice thickness of 2.5-or 3-mm with inter-slice spacing of 0.3 mm, and T2-weighted SE MRI sequences in the sagittal plane with a slice thickness of 2-mm and inter-slice spacing of 0.2 mm. Imaging was performed using two MRI units (3 Tesla Magnetom Skyra ® and 1.5 Tesla Magnetom Aera ® , Siemens Halthineers). MRI protocols and imaging parameters are described in Table 1.

Image analysis

MRI examinations were independently and blindly interpreted by two radiologists using the display console of a picture archiving and communication system (Carestream Health version 12.1.5.1156). One had 3 years of experience in general radiology (B. S.) and the other was a senior radiologist specialized in neuroradiology and pituitary imaging with 20 years of experience (F. C.), Disagreements in image interpretation were resolved using a consensus reading session of which results were used as the standard of reference.

Images were first reviewed with respect to the presence of RCC. The primary endpoint was the presence on MRI examination of a strictly intra-pituitary cystic lesion whose localization and MRI signal were consistent with RCC.

The secondary study endpoints were: (i), RCC appearance on MRI including signal intensity and dimensions (i.e., anteroposterior diameter parallel to the bi-callous plane and maximum height on the midline seam). The type of RCC was defined according to the signal intensity on T1-and T2-weighted images. Serous RCC was considered when the RCC displayed high signal on T2-weighted sequences and low signal or isosignal on T1-weighted sequences indicating a low-viscosity liquid, with a signal similar to that of cerebrospinal fluid (CSF). Mucosal RCC was considered when the RCC displayed low signal on T2-weighted sequences and high signal or isosignal on T1-weighted sequences indicating thick mucus, rich in protein and mucopolysaccharides [START_REF] Kucharczyk | Rathke cleft cysts: CT, MR imaging, and pathologic features[END_REF]; (ii), interobserver agreement for the presence of RCC.

Statistical analysis

Statistical analysis was conducted using SAS version 9.4. software.

Quantitative variables were expressed as means ± standard deviations (SD) and ranges.

Qualitative variables were expressed as raw numbers, proportions and percentages.

Differences in prevalence of RCC between patients who had MRI at 1.5 T and those who had MRI at 3-T was searched for using the Chi square (χ 2 ) test. Significance was set at P < 0.05.

Cohen Kappa coefficient was used to estimate interobserver agreement between the interpretations performed by the two radiologists for the presence of RCC. The results of Cohen Kappa test were interpreted using the following scale: Kappa ≤ 0.20, none; 0.21 ≤ Kappa ≤ 0.39, minimal; 0.40 ≤ Kappa ≤ 0.59, weak; 0.60 ≤ Kappa ≤ 0.79, moderate; 0.80 ≤ Kappa ≤ 0.90, strong; Kappa > 0.90, almost perfect agreement) [START_REF] Mchugh | Interrater reliability: the kappa statistic[END_REF].

Results

The clinical and demographic characteristics along with indications for MRI examinations of the 460 patients included in this study are presented in Table 2. A total of 14 intrasellar RCCs were identified (14/460, 3.04 %) among the 460 patients studied. The mean age of patients with RCC was 8.6 ± 3.8 (SD) years (range: 0.3 -14.1 years). The sex ratio was 1 (7 males/ 7 females). Ten RCCs (10/14; 71%) were diagnosed on MR images obtained with the 3 T unit and 4 (4/14; 29%) on MR images obtained with the 1.5 T unit. No differences in the prevalence of RCC were found between patients who had MRI at 1.5 T (4/126; 3.2 %) and those who had MRI at 3-T (10/334; 3%) (P = 0.9199).

Three RCCs (3/14; 21 %) were serous (Fig. 2) and showed a signal similar to that of the CSF. Eleven RCCs (11/14; 79 %) were mucosal (Fig. 3) and showed a signal assumably related to higher mucopolysaccharide content (i. e., low signal on T2-weighted sequences and high signal or isosignal on T1-weighted sequences). A 14-year-old patient also had a posterior pituitary cyst (Fig. 4), with a high signal on T2-weighted sequences and a low signal on T1-weighted sequences, similar to that of the CSF.

The mean anteroposterior diameter of RCCs was 2.6 ± 1.4 (SD) mm (range: 1 to 5.5 mm). The mean height of the cysts was 4.5 ± 1.7 (SD) mm (range: 1.9 -7.6 mm).

The indications for MRI in the 14 patients with RCC included benign tumoral pathology in one patient (right frontal meningioma), neurological manifestations (headache, sensory-motor deficit, epilepsy) in 6 patients, trauma in 5 patients, and other pathologies for two patients (alteration of the general condition and exophthalmia; one patient each). The clinical characteristics and MRI findings of the 14 patients with RCC are detailed in Table 3.

Of the 460 patients included, only 4 interobserver disagreements were noted concerning the absence or presence of an RCC. Among these 4 discordant results, the more experienced radiologist was considered to be right after consensus reading for 3 patients. In two patients, the least experienced radiologist failed to identify RCCs that were present and considered as two false-negative findings for this observer. In one patient, the least experienced radiologist retained a diagnosis of RCC that was not considered present using the standard of reference and thus considered as a false-positive finding for this observer.

Concerning the forth disagreement, the more experienced radiologist identified an RCC that was not retained by the least experienced radiologist. After consensus reading between the two radiologists, final result for this patient was the absence of RCC. Interobserver agreement for the presence of RCC was strong (Kappa = 0.85; 95% CI: 0.70; 0.99).

Discussion

In our study, the prevalence of intrasellar RCCs incidentally discovered in children of 15 years or less was 3.04 %, which is higher than the 1.2% reported in the literature [START_REF] Takanashi | Pituitary cysts in childhood evaluated by MR imaging[END_REF]. It is important to know how to recognize RCCs, whose incidental discovery on MRI of the sellar region is not so rare. Improved knowledge of the characteristic features of RCC may help to avoid imprecise terms such as "incidentaloma" in radiological reports.

A key point in the diagnosis of RCC is that this abnormality give little or no mass effect [START_REF] Hama | Changes in the epithelium of Rathke cleft cyst associated with inflammation[END_REF]. It would appear that the prevalence of RCC in children is actually close to that in adults, since we observed a prevalence of 3.04 % in the children in our study, compared to approximately 4% in adults in the literature [START_REF] Reneman | Incidental head and neck findings on MRI in young healthy volunteers: prevalence and clinical implications[END_REF]. However, the children in our cohort were not asymptomatic, while the reported prevalence of RCCs in young adults was established in healthy subjects [START_REF] Reneman | Incidental head and neck findings on MRI in young healthy volunteers: prevalence and clinical implications[END_REF]. This may hinder the comparison between the two studies, but we excluded children with pathologies likely to be of pituitary origin to maximize the proportion of incidental discoveries and improve our estimate of the true incidence. In any case, our findings do not support our hypothesis that the prevalence of RCCs should be higher in children than in adults because of the embryological origin. In fact, the results of our study suggest that the prevalence of RCCs seems to be relatively similar between children and adults. From an embryological point of view, the presence of RCC is related to the delayed or incomplete closure of the distal part of the cranio-pharyngeal canal during embryogenesis or early childhood [START_REF] Reneman | Incidental head and neck findings on MRI in young healthy volunteers: prevalence and clinical implications[END_REF]. This is why our working hypothesis was that the prevalence of RCCs decreases with age. Indeed, RCCs appear during embryonic development, then persist or disappear in a delayed manner, but in any case, do not appear postnatally.

Two factors suggest that the prevalence of RCCs is nonetheless underestimated in children. First, RCCs are thin-walled mono-cellular cysts that possess secretory activity, so they may vary in size over the life course [START_REF] Choi | Pituitary adenoma, craniopharyngioma, and Rathke cleft cyst involving both intrasellar and suprasellar regions: differentiation using MRI[END_REF]. This variation in size can influence the detection of RCC with MRI. Second, RCCs in children are small lesions; for example, we did not detect any RCCs larger than 8 mm in our study. It is therefore possible very small RCCs in a pediatric sellar region go undetected with the MRI sequences performed. Indeed, it is sometimes difficult to perform suitable MRI sequences in children to investigate the sellar region. These are long sequences requiring absolute immobility for several minutes to obtain a result without artifacts, to enable accurate investigation of the pediatric pituitary gland. In our study, 50 examinations were excluded due to artifacts rendering accurate analysis of the pediatric sellar region difficult, even with T1-weighted SE sequences. Three-dimensional T1weighted sequences, often performed in pediatric patients since they enable the study of major brain structures in all three planes, are not appropriate for the study of small sella turcica in children, due to susceptibility artifacts related to the bone-air interface. Furthermore, the prevalence of RCCs detected on MRI in adults and children combined is also significantly lower than the 13-33% reported in autopsy series [START_REF] Osborn | Intracranial cysts: radiologic-pathologic correlation and imaging approach[END_REF][START_REF] Kucharczyk | Rathke cleft cysts: CT, MR imaging, and pathologic features[END_REF][START_REF] Trifanescu | Rathke's cleft cysts[END_REF][START_REF] Meyrignac | 3D TOF MR angiography to depict pituitary bright spot and to detect posterior pituitary lobe cyst: original description at 3T MR imaging[END_REF]. This highlights the poor sensitivity of MRI for the detection of RCC. Strictly intrasellar RCCs do not deform the contours of the pituitary gland [START_REF] Meyrignac | 3D TOF MR angiography to depict pituitary bright spot and to detect posterior pituitary lobe cyst: original description at 3T MR imaging[END_REF], thus explaining the difficulty of their detection on MRI. A potential explanation for the difference between our results and those of a previous study, might be the improved overall MR image quality over time. Indeed, the previous study reviewed MRI examinations performed between 1994 and 2004, with inferior images quality compared to current image quality. Takanashi et al. also included a smaller number of subjects over a longer period, due to slow recruitment and more difficult access to MRI at the time, which may have led to inconsistent image quality [START_REF] Takanashi | Pituitary cysts in childhood evaluated by MR imaging[END_REF].

It is important for physicians to be aware of the main differential diagnoses of RCCs in children, as the management and follow-up strategies may be different. The main differential diagnoses include craniopharyngioma, pituitary microadenoma and some anatomical variations such as posterior pituitary cyst and inferior intercavernous sinus.

Craniopharyngioma is a locally aggressive epithelial tumor that also derives from a remnant of Rathke pouch [START_REF] Trifanescu | Rathke's cleft cysts[END_REF], and frequently recurs due to the difficulty of achieving completing excision. Craniopharyngioma may present a cystic component with characteristics similar to those of RCC on imaging, but are often larger, rather suprasellar and partially calcified [START_REF] Teramoto | Incidental pituitary lesions in 1000 unselected autopsy specimens[END_REF].

Pituitary microadenomas may be small, intrasellar, and generally well limited [START_REF] Bonneville | T1 signal hyperintensity in the sellar region: spectrum of findings[END_REF]. The presence of a hemorrhagic component with high signal on T1-weighted MRI may render difficult the differential diagnosis with mucosal-type RCC, which can show high signal on T1-weighted MR images. Some anatomical variations may also be differential diagnosis of RCCs. First, posterior pituitary cyst is a cystic intrasellar structure with a fluid signal, presenting low signal on T1-weighted images and high signal on T2-weighted MR images. It is sometimes circled by a high signal ring on T1-weighted MR images and is much more posterior than RCC [START_REF] Johnsen | MR imaging of the sellar and juxtasellar regions[END_REF]. Second, lower intracavernous sinus is a venous structure joining the two cavernous sinuses, which is more often seen in children than in adults [START_REF] Bonneville | When the pituitary swells up a little[END_REF]. T2-weighted coronal sequences, showing a typical band-like appearance doubling the sellar floor, and injection of contrast can help to differentiate them from RCCs.

This study has some limitations, notably the single-center, retrospective design.

A prospective, comparative study of adults and children in a larger population, with standardized MRI sequences, would yield a better estimate of the prevalence of RCCs in each group. Moreover, to standardize image quality, MRI examinations should ideally be performed on the same equipment. Although we did not find differences in the prevalence of RCC between patients who had MRI at 1.5 T (4/126; 3.2 %) and those who had MRI at 3-T (10/334; 3%) further studies are warranted to determine whether the visibility of RCC is affected by the field strength.

In conclusion, the incidental discovery of asymptomatic RCCs is not so rare and prevalence in children under 15 years seems to be similar to that observed in adults. It is important for physicians to recognize RCC in order to avoid misdiagnosis (such as pituitary microadenoma or craniopharyngioma) and unnecessary further MRI follow-up. The discovery of a small RCC measuring less than 3 mm in a child does not require systematic MRI followup in the absence of clinical symptoms. However, follow-up with targeted MRI examination should be performed for RCC causing clinical symptoms due large size or suprasellar extension, or for RCC at risk of optic chiasm compression. 

FIGURES LEGENDS

Figure 1 .

 1 Figure 1. Flowchart shows patient selection process based on inclusion and exclusion criteria. MRI = magnetic resonance imaging; RCC = Rathke cleft cyst.

Figure 2 .

 2 Figure 2. A 13-year-old girl with an intra-pituitary Rathke cleft cyst (RCC) of serous-type who underwent MRI at 3Tesla. a, on T2-weighted MR image (TR/TE = 5570/107 ms) in the sagittal plane, the RCC (arrow) displays high signal. b, on T1-weighted MR image (TR/TE = 450/11 ms) in the sagittal plane, the RCC (arrow) displays low signal.

Figure 3 .

 3 Figure 3. A 5-year-old girl with an intra-pituitary Rathke cleft cyst (RCC) of mucosal-type who underwent MRI at 3 Tesla. The RCC (arrow) displays low signal on T2-weighted (TR/TE = 4460/107 ms) MR image in the sagittal plane.

Figure 4 .

 4 Figure 4. A 14 year-old boy with coexisting intra-pituitary Rathke cleft cyst (RCC) of mucosaltype and posterior pituitary cyst, who underwent MRI at 3 Tesla. The RCC (arrow) displays low signal and the posterior pituitary cyst (arrowhead) displays high signal on T2-weighted (TR/TE = 4460/107 ms) MR image in the sagittal plane.

  

  

  

Table 1 .

 1 MRI protocols and imaging parameters.

Table 2 .

 2 Clinical and demographic characteristics of 460 included patients.

Table 3 .

 3 Patient characteristics and MRI findings in 14 patients with Rathke's cleft cyst.

	Field strength (T)	3		1.5	
	Weighting*	T1	T2	T1	T2
	Imaging plane	Sagittal	Sagittal	Sagittal	Sagittal
	Slice thickness (mm)	2.5 or 3	2	2.5 or 3	2
	Interslice spacing (mm) 0.3	0.2	0.3	0.2
	TR (ms)	450 to 700	4460 to 5570	380 to 550	3000 to 5390
	TE (ms)	11	107	11	82 to 87
	Matrix size (mm)	320 x 320	512 x 512	256 x 256	384 x 384
	Field of view (mm)	180 or 230	220 or 230	180 or 230	230

*All MRI sequences were obtained using a spin echo sequence TR = repetition time; TE = echo time.
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Characteristic

Sex