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	  Abstract

												
												Epidermoid cysts are benign indolent lesions that account for around 1% of all primary brain tumours. Embryologically, they are thought to arise from entrapped ectodermal elements during neural tube closure. They often display classic magnetic resonance imaging (MRI) characteristics compared to atypical 'white epidermoids' which display reversed MRI signal intensities. In this article, we describe a 55-year-old lady who presented with progressively worsening headaches and was subsequently found to have simultaneous intradiploic and intracerebral atypical 'white epidermoid' cysts. She underwent craniotomy and excision of the epidermoid lesions. Intraoperatively, there was no apparent communication between the two lesions. We discuss the possible embryological origins and the imaging features as well as the surgical considerations of these atypical epidermoid lesions, including a review of the literature.
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Introduction


Epidermoid cysts are benign, slow-growing lesions that account for about 1% of all primary brain tumours. They commonly occur in the cerebellopontine angle (40-50%) and parasellar regions [1,2]. Intraparenchymal or intradiploic epidermoid cysts are rare, accounting for < 5% of all intracranial epidermoid cysts [3]. Embryologically, epidermoid cysts are thought to arise from entrapped ectodermal elements during neural tube closure.



Epidermoid cysts typically appear on magnetic resonance imaging (MRI) as T1 iso- to hypointense and T2 hyperintense lesions, withthin peripheral enhancement in approximately 25% of cases [4]. Moreover, they classically show abnormal restricted diffusion with T2 shine-through [5], a feature that helps distinguish it from arachnoid cysts. However, a rare entity known as 'white epidermoid' can display reversed MRI signals with T1 hyper- and T2 hypo-intensities, and rarely, restricted diffusion [6,7]. Here, we report a case of a patient with two discrete epidermoid cysts with no apparent connection between them, both displaying unusual imaging and macroscopic features.


Case Report


A right-handed 55-year-old Chinese lady with a background of hyperlipidemia, bilateral cataracts and previous appendicectomy presented to the hospital with two months of progressively worsening headaches, and three weeks of short-term memory loss and personality change. She had no prior history of trauma. She also complained of long-standing blurred vision but did not experience any seizures nor any limb weakness or numbness. On examination, she was alert and oriented, and fundoscopic examination showed no papilloedema. The cranial nerves examination was unremarkable, and there was no evidence of any motor or sensory deficits in the extremities.



Computed tomography (CT) scan of the brain at the emergency department showed a markedly hyperdense right frontotemporal intradiploic lesion with scalloping of the overlying skull vault and orbital roof, as well as a large right intraparenchymal lesion just adjacent to the Sylvian fissure (Figure 1). Subsequent MRI revealed two large discrete masses containing varying proteinaceous content (Figure 2). The anterior extra-axial lesion measured 6.8 × 4.4 × 4.2 cm, occupying the right anterior and middle cranial fossae, and expanding the greater wing of the right sphenoid bone. It was hyperintense on T1-weighted imaging, hypointense on T2-weighted imaging with susceptibility changes secondary to internal calcifications. The posterior lesion measured 5.1 × 4.6 × 5.8 cm and demonstrated isointensity on T2-weighted and hyperintensity on T1-weighted sequences. Located in the right extra-axial temporal region and posterior to the Sylvian fissure, the lesion resulted in radial displacement of the underlying brain parenchyma. Both lesions did not show any post-contrast enhancement nor restricted diffusion. There was significant mass effect on the right frontotemporal lobes with mild perilesional oedema and leftward midline shift. There was effacement of the right lateral ventricle, with subfalcine and transtentorial herniations.


 

	
	
	Figure 1: Axial non-contrast computed tomography (CT) head images (A-E) show a markedly hyperdense intradiploic lesion (arrow heads) scalloping the outer and inner tables of the right fronto temporal skull vault (D-E). There is a large hyperdense intraparenchymal lesion in the right frontal and temporal lobes (red arrows, in B and C). There is close contact between the intradiploic and intraparenchymal lesions (red arrows, D and E) with focal calcification at the junction between them (red arrow, A). The lesions cause significant mass effect with leftward shift of the midline structures and effacement of the right lateral ventricle. Coronal non-contrast CT head image (F) shows thinning of the inner table of the right frontal skull vault including the right anterior cranial fossa and the orbital roof (curved arrow).   View Figure 1 
	




     
 

	
	
	Figure 2: Axial non-contrast T1-weighted (A and B); FLAIR (C); T2-weighted (D and E) magnetic resonance (MR) images demonstrate intrinsic T1 hyperintense masses: A right frontotemporal intradiploic lesion (arrowhead) and a posteriorly-situated frontotemporal intraparenchymal lesion (red arrow). The intradiploic lesion shows marked T2 hypointensity while the intraparenchymal component shows mild T2 hypointensity (red arrows). The lesion causes significant mass effect with leftward shift of the midline structures and effacement of the right lateral ventricle. Sagittal T1-weighted post-contrast image (F) shows the two non-enhancing lesions closely abutting each other with focal calcification at the junction of contact (elbow connector arrow); Similar contact between the two components of the lesion are seen on the axial images (elbow connector arrow, A, C and E).  View Figure 2 
	




    

The patient was started on dexamethasone and antiepileptics, and planned for elective craniotomy and resection of both intracranial lesions. However, a day before the planned surgery, she became acutely drowsy and was only able to localize pain with bilaterally brisk pupils (Glasgow Coma Scale of E3V2M5). An urgent repeat CT brain performed showed stable findings without any acute infarction, haemorrhage or increase in mass effect. In view of the clinical deterioration, she subsequently underwent emergency right craniotomy and excision of both lesions. A right frontotemporal craniotomy was performed. Upon lifting the bone flap, dark green, pasty, semi-solidified extradural contents partially contained within a thin transparent capsule were seen to be arising from within the bony matrix of the sphenoid ridge and temporal bone (Figure 3). There was also hyperostosis of the sphenoid ridge along with abnormal osseous growth along the floor of the anterior cranial fossa. After removal of these contents, a C-shaped durotomy was made based on the sphenoid ridge. An intradural extra-axial lesion was noted within the right Sylvian fissure, containing pale yellowish-green, chalky fluid and white keratin pearls within a transparent capsule (Figure 4). The contents were gently aspirated to avoid spillage. The temporal portion of the cyst capsule was removed but the rest was firmly adherent to the underlying pial vessels and brain parenchyma, hence subtotal resection of the cyst was performed. Intraoperatively, the dura was intact between the two lesions indicating two anatomically separate lesions.


 

	
	
	Figure 3: Intraoperative image of the extradural lesion, showing greyish-green gelatinous and pasty contents within the diploic space of the sphenoid bone with a thinned out sphenoid ridge (yellow triangle).  View Figure 3 
	




 
 

	
	
	Figure 4: Intraoperative image after performing a C-shaped durotomy based temporally. The cystic lesion straddled the Sylvian fissure and contained viscous yellowish-green fluid and white keratin material within a thin transparent capsule.
   View Figure 4 
	




  

The patient improved neurologically and recovered well postoperatively with resolution of her headaches. Post-operative MRI showed satisfactory excision of both lesions with improvement of mass effect (Figure 5). Histology of the pasty extradural contents revealed cyst contents comprising abundant proteinaceous material admixed with anucleate keratin and cholesterol clefts (Figure 6). The intradural component demonstrated portions of an epidermoid cyst lined by benign stratified squamous keratinizing epithelium accompanied by cyst contents comprising keratin flakes and proteinaceous material, without associated adnexal structures (Figure 7a). Adjacent areas demonstrated brain parenchyma with gliosis and a xanthogranulomatous inflammatory response to ruptured cyst contents (Figure 7b).


 

	
	
	Figure 5: Postoperative contrasted T1-weighted (A); T2-weighted (B). MR images, demonstrating satisfactory excision of both large cystic lesions with a small amount of blood products in the surgical cavity with associated post-surgical changes. There is also improvement in the leftward midline shift with re-expansion of the right lateral ventricle.  View Figure 5 
	




  
 

	
	
	Figure 6: Extradural cyst contents featuring abundant proteinaceous material admixed with anucleate keratin and cholesterol clefts (H&E, original magnification ×100).
   View Figure 6 
	




 
 

	
	
	Figure 7: (a) Intradural component demonstrating an epidermoid cyst lined by benign stratified squamous keratinizing epithelium accompanied by cyst contents comprising keratin flakes and proteinaceous material (H&E, original magnification ×40); (b) Epidermoid cyst lined by benign stratified squamous keratinizing epithelium and adjacent brain parenchyma exhibiting gliosis and xanthogranulomatous inflammatory response to ruptured cyst contents (H&E, original magnification ×100).  View Figure 7 
	




  
Discussion


Epidermoid cysts often possess a discrete thin outer capsule and a keratinised stratified squamous epithelial layer with inner cystic contents containing keratin pearls, cholesterol, tissue debris and proteinaceous fluid [8]. Proposed embryogenetic theories centre on the entrapment of ectodermal contents during various stages of neural tube closure. Intraparenchymal epidermoid cysts are purported to arise when the entrapment occurs before the primary cerebral vesicle is formed during the third week of embryogenesis, while intradiploic lesions occur when the entrapment occurs after neural tube closure [9-11]. However, the exact pathogenesis remains unclear.



The first case of intradiploic epidermoid cyst was reported by Harvey Cushing in 1922 [12]. Since then, multiple case reports have emerged [4,5,13,14-18], describing this rare entity that commonly presents as slowly enlarging scalp lumps. Our patient presented with insidious symptoms of raised intracranial pressure and was found to have two concomitant 'white epidermoid' cysts, one intradiplopic and the other intracerebral. Interestingly, both lesions were of different consistencies, with the former being mostly semi-solid and granular, while the latter was fluid in consistency.



In 2008, Ichimura, et al. reported a case with a dumbbell-shaped intracranial epidermoid cyst with extradural and intradural components that displayed typical MRI features. Intraoperatively, they found that the two components were contiguous via a dural defect [10]. Although there was contact between the intradiploic and intradural epidermoid cysts in our patient's scans, both the lesions were markedly different in terms of the CT and MRI features (Figure 2). Also, we did not identify any dural defect or direct communication between the intradiploic and intradural epidermoid lesions during surgery.



We propose that the lack of communication between the two epidermoid lesions could be due to a few theories. First, the entrapment of the ectodermal cells may have occurred within both the diploe and the Sylvian fissure along common radial lines of migration. It is known that embryologically, the anterior portion of the skull including the sphenoid bone constitutes the neurocranium which arises from neural crest cells [11]. The pre-migratory neural crest cells form the neural plate borders which separate non-neuroectodermal tissue from the neural plates. When the neural plates and neural crest cells from both sides converge, the non-neuroectodermal tissue could have been trapped within the fusion points of the neural plate and neural crest cell layers [1]. The two concomitant lesions seen in our patient could have therefore arisen from this entrapment process, albeit at different stages of neural tube closure. This theory may support the formation of the two discrete epidermoid lesions with varying proteinaceous contents in our patient's case. Alternatively, both epidermoid lesions could have been originally connected via a dural defect with subsequent healing or fibrosis as a result of inflammatory reactions from the cystic contents. Consequently, the intradiploic epidermoid cyst underwent cycles of calcification and resorption, resulting in a paste-like, semi-solid contents found intraoperatively. Conversely, the walled-off and discrete intracerebral epidermoid component persisted as thick viscous fluid contents, explaining the different consistencies of the two epidermoid cysts. Iatrogenic or traumatic ectodermal cell implantation leading to two discrete epidermoid cysts is a less likely postulation given that our patient had no prior history of traumatic head injury or invasive intracranial procedures.



The radiological features of the 'white epidermoid' (intrinsic CT hyperdensity and T1 hyper- and T2 hypo-intensities on MRI) have been postulated by some authors to be related to its high protein content which can be secondary to recurrent inflammatory reactions incited by chemicals within the cyst content [3,9]. This appearance corresponded to an intraoperative observation of thick viscous 'toffee-like' contents that required removal by a 'spatula'. Similar observations have been reported by other authors [15].



One of the complications related to 'white epidermoids' was chemical irritation or aseptic meningitis due to seepage or spillage of cyst contents into the subarachnoid space [15]. This could have been the cause of our patient's acute neurological deterioration as repeat imaging did not show any change in the size of both lesions or the amount of mass effect. Moreover, histology also showed evidence of xanthogranulomatous inflammation of the adjacent brain parenchyma in response to ruptured cyst contents.



In the largest series of atypical epidermoids, Ren, et al. [19] described neovascularisation from inflammation as a cause of intracranial haemorrhage that could potentially perpetuate the inflammatory process. This process could also explain the reason for the adherence of the epidermoid cyst wall to the surrounding structures, making it difficult to achieve complete resection. In this paper, we also performed a literature review on reports and series looking at epidermoid cysts with atypical imaging features (Table 1). We found that gross total resection (GTR) was achieved in 19 out of 33 (57.6%) cases. The rest had subtotal resection (STR) as the cyst capsule was found to be adherent. This GTR rate is comparable to that reported in a 2019 systematic review [20], which looked at the extent of resection in 691 patients with epidermoid tumours. In that review, 293 (42%) underwent subtotal resection (STR) and 398 (58%) received GTR. Of note, STR was associated with 7 times higher risk of recurrence compared to GTR [20]. Despite this, aggressive dissection may not be advisable [21], especially since epidermoid cysts are deemed to have a slow linear growth rate similar to epithelial cells, with one generation per month [22].


 

	
	
	Table 1: Characteristics of cases reported in literature with atypical appearance of epidermoid cysts on MRI. View Table 1
	




 
Conclusion


We have described an interesting case of a symptomatic patient with simultaneous occurrence of two large and discrete intracranial 'white epidermoid' cysts, one intradiploic and the other intracerebral. To our knowledge, there has not been any report in the literature of multifocal large 'white epidermoid' cysts. Theories based on the embryological origin of these epidermoid cysts may explain the concomitant occurrence of these lesions. We suggest that in patients with seemingly discrete lesions displaying atypical imaging features of epidermoid cysts, one should consider 'white epidermoid' tumours in the differential diagnoses. It is imperative to be aware of the complications and recurrence risks of these relatively benign lesions. Further research into the pathophysiology and their respectability as well as the long-term recurrence rates of these atypical epidermoid cysts would be useful to guide patient treatment and follow-up surveillance.
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