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Abstract

:

Background: The craniovertebral junction is a complex region, connecting the occiput, the atlas, the axis, and the containing vital neural and vascular structures. There is a great variability in diseases involving the craniovertebral junction, of different nature, each rare in frequency. Methods: We conducted a retrospective chart review of the patients diagnosed with extremely rare pathologies of the craniovertebral junction that we have operated in the last 5 years. Results: After excluding the relatively more frequent pathologies, we identified nine cases of rare craniovertebral junction pathologies. Six were operated using an endoscopic endonasal approach, two using a far lateral transcranial approach, and one underwent a C1 hemilaminectomy. Conclusions: Diagnosis and management of the rare pathologies of the craniovertebral junction are challenging. A multidisciplinary approach is recommended for the proper management of these patients.
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1. Introduction


The craniovertebral junction (CVJ) is a sticking point, connecting different anatomical compartments. Superiorly, it is delimited by the clivus in the anterior part and by the occipital bone, and inferiorly by the C1–C2 complex. It is situated at the midpoint of the skull base (SB), acting as a dividing line between structures inside the cranium and the regions of the face and neck [1].



It is also the region where the brain and the spinal cord are contiguous. It is surrounded by noble and vital structures, like cranial nerves and vessels such as the internal carotid artery and internal jugular vein. It represents the deepest point of the SB; therefore, it was clinically impossible to explore the CVJ before the advent of CT and MRI imaging, and impossible to surgically approach this area properly before the use of microscopes and endoscopes. Due to the difficult position, the anatomical and pathological knowledge of this area was gained quite recently.



The CVJ presents the characteristics of the border zone also for the pathologies that arise here, requiring the multidisciplinary expertise of otorhinolaryngologists, neurosurgeons, neuroradiologists, pathologists, radiotherapists, and oncologists to undertake the appropriate treatment. Comprehending the anatomy of this area is crucial for grasping various pathological conditions and preparing for surgical interventions. The craniovertebral junction (CVJ) is affected by a wide range of diseases, each of them infrequent and diverse in nature. This diversity adds to the complexity of managing such cases, making it even more demanding. In this article, we present a compilation of nine exceptionally rare pathologies that we have encountered and managed in the craniovertebral junction region over the past 5 years. These cases represent unique and challenging clinical scenarios that required specialized care and multidisciplinary collaboration. By sharing our experiences with these rare conditions, we aim to contribute to the existing knowledge and foster better understanding and management of such complex cases in the medical community. Our hope is that this article will serve as a valuable resource for clinicians and researchers dealing with rare craniovertebral junction pathologies and ultimately improve patient outcomes.




2. Materials and Methods


According to Goel and colleagues, the most “common” pathologies in this region include intradural meningiomas, neurofibromas, lung or breast metastatic tumors, chordomas, chondrosarcomas, and nasopharyngeal carcinoma. [2]. We retrospectively reviewed all the records of patients with rare pathologies of the CVJ region—all except those mentioned above—referred to the Neurosurgery Unit of the Fondazione IRCCS Policlinico San Matteo-Pavia from January 2017 to December 2021.



We collected and reviewed for each patient all the clinical and pathological reports and imaging studies available.



We acquired informed consent from both the patient and the parents of participants below 18 years of age to utilize their personal data for scientific purposes. Moreover, since our study involved non-experimental data and adhered to standard clinical methods outlined in the literature, it did not necessitate any specific authorizations from our Ethics Committee.




3. Results


In total, 9 patients (5 males and 4 females, mean age 52, range 7–78 years old) were included in this study.



In six patients, the lesions were approached using an endoscopic endonasal technique (6/9–67%), while in three patients, the far lateral transcranial approach was the preferred choice (33%).



Table 1 provides a concise overview of the key patient characteristics, technical data, and histopathological findings.



3.1. Case 1—Clival Osteoradionecrosis


A 36-year-old man presented at the Emergency Department (ED) with symptoms of disorientation, drowsiness, headache, fever, and watery discharge from the nose. Four years earlier, he had undergone radical neck dissection and chemoradiotherapy to treat an undifferentiated nasopharyngeal carcinoma. Due to a relapse of the disease in the clivus and sphenoidal bone, a second-line stereotactic radiotherapy was performed two years later. Upon examination with nasal endoscopy, necrotic bone was discovered in the clival region, specifically in the paramedian area of the nasopharynx, along with active cerebrospinal fluid rhinorrhea. A CT scan revealed a significant tension pneumocephalus, with erosion observed in the infero-posterior parts of the sphenoidal sinus, and a potential case of radionecrosis in the clivus (Figure 1A). The patient underwent an endoscopic endonasal repair of the clival fistula using a pedunculated nasoseptal flap (Figure 1B). Pathological examination results indicated radionecrosis with signs of infiltration by undifferentiated non-keratinizing squamocellular carcinoma. Follow-up CT and MRI scans of the brain showed progressive absorption of the pneumocephalus without any signs of infection. The patient was then presented at the tumor board to determine the next course of oncological treatments. Unfortunately, the patient succumbed to the disease after three years.




3.2. Case 2—Ecchordosis Physaliphora


A 69-year-old woman with cephalea and aqueous rhinorrhea underwent a cerebral MRI scan with the finding of a clival lesion with bony erosion (Figure 2A). An endoscopic endonasal transsphenoidal approach to the clival area was performed to remove the lesion, with an SB repair using the three-layer technique. The pathological examination revealed ecchordosis physaliphora. The postoperative MRI showed a complete removal of the lesion, and the patients underwent clinical/radiological follow-up (Figure 2B).




3.3. Case 3—Hepatocellular Carcinoma Metastasis


A 79-year-old man with a history of HCV-related cirrhosis presented with progressive diplopia due to a VI cranial nerve impairment. An MRI scan revealed an expansive process in the clival region encompassing the right carotid siphon and infiltrating the ipsilateral cavernous sinus (Figure 3). The patient underwent a minimally invasive endoscopic endonasal transsphenoidal approach to the clival region. The aim of this procedure was to perform a biopsy, debulk the affected area, and achieve decompression of the cavernous sinus. The morphologic and immunohistochemical examination suggested a clival localization of a carcinoma of hepatic origin. The total body CT scan revealed multiple metastatic localizations and the patient underwent tumor board evaluation and scheduled for palliate chemotherapy and died after three months.




3.4. Case 4—Capillary Hemangioma


A 77-year-old woman underwent cerebral MRI for cognitive impairment. The images showed a clival expanding lesion, involving the left cavernous sinus (Figure 4). The patient underwent a transsphenoidal biopsy using the endoscopic technique and the pathological examination revealed a capillary hemangioma. The patient tolerated the biopsy well and no further surgical intervention was required. The follow-up at 5 years showed no progression and the patient remained asymptomatic for the lesion.




3.5. Case 5—Embryonal Rhabdomyosarcoma


A 7-year-old boy presented with VI and VII right cranial nerve palsy, unresponsive to corticosteroid therapy. CT and MRI were performed with the evidence of right otomastoiditis with SB erosion and replacement with the enhancing lesion enveloping the intrapetrous carotid artery, the acoustic-facial bundle, the VI cranial nerve, the jugular bulb, and the trigeminal nerve. The patient underwent a trans clival biopsy with the pathological finding of an embryonal rhabdomyosarcoma. The patient underwent chemo-radiotherapy treatment and, at the time of writing, is on maintenance chemotherapy.




3.6. Case 6—Cholesterol Granuloma


A 46-year-old man presented with symptoms of headache and photophobia. An MRI scan revealed a growing lesion in the spheno-clival region, but there were no indications of infiltration into surrounding structures. A basal CT scan showed osteolysis of the posterior sphenoidal wall. To address the issue, an endoscopic transsphenoidal approach was employed to access the posterior sphenoidal wall. During the procedure, the lesion, which exhibited a cystic appearance, was drained. No sign of CSF leak was found. The patient was dismissed after two days without complications. The pathological examination revealed a cholesterol granuloma. No further treatment was necessary, and the patient is now on follow-up.




3.7. Case 7—Extradural Meningioma


A 36-year-old female suffered from intense cervical pain. MRI disclosed the presence of a voluminous mass replacing the left condyle and eroding part of the lower clivus (Figure 5A). The mass was completely extradural and showed mixed contrast enhancement due to the presence of multiple cysts intermingled with a more parenchymatous tissue. Due to the unusual imaging features, a transsphenoidal biopsy was first performed. Histology revealed a meningioma. Hence, the patient underwent a left far lateral approach with complete resection of the mass. An occipito-cervical instrumentation was then placed to stabilize the CVJ (Figure 5B). Postoperatively, the patient showed left hypoglossal nerve palsy and rhinolalia, which resolved completely after two months. The last MRI follow-up at 5 years showed no relapse (Figure 5C).




3.8. Case 8—Ganglion Cyst


A 75-year-old male was admitted to the ED following a car accident. A plane CT scan showed a retro-odontoid mass. The MRI demonstrated an intradural, in-homogeneously contrast-enhanced cystic mass arising from the dura mater behind the odontoid (Figure 6). The T2 sequences showed a hyperintense signal. The mass compressed and displaced the spinal cord. Clinical examination showed slight right upper limb weakness. Due to the compression and the need to obtain diagnosis, the patient underwent a C1 right hemilaminectomy with complete resection of the mass. Histology confirmed a ganglion cyst. At the 3 years follow-up, the patient was asymptomatic with no signs of relapse.




3.9. Case 9—Histiocytic Sarcoma


A 47-year-old female suffering from neck pain lasting approximately for five months underwent a CT and subsequently a contrast-enhanced MRI, which detected a mass infiltrating and destroying the left occipital condyle as well as the lateral mass of C1 and the arch (Figure 7). The tumor had a necrotic core surrounded by an intense contrast enhancement. The CT scan demonstrated erosion of the occipital condyle, the articular facet of C1, and of the ipsilateral posterior arch of C1. The vertebral artery was in close contact with the mass and pushed backward. Surgery was proposed with the aim to resect the tumor and stabilizing the CVJ. A left far lateral approach was performed with an uneventful postoperative evolution and the patient was discharged ten days after. The histology demonstrated a histiocytic sarcoma. The patient was then admitted to chemo and radiotherapy, ongoing at the time of writing.





4. Discussion


The CVJ, defined as the transition point between the cranium and the upper cervical spine, is considered the most complex region of the axial skeleton [3].



It can be affected by congenital malformation, inflammatory, traumatic, degenerative, and neoplastic disease.



Besides the congenital anomalies that may involve the occiput, the atlas, or the axis, the CVJ is the possible location of various acquired conditions. Among the inflammatory and degenerative pathologies, rheumatoid arthritis is the most common one, followed by psoriasis and osteoarthritis.



Tumors affecting the CVJ are infrequent and can pose challenges in diagnosis due to the wide array of symptoms they may manifest. Often, medical professionals may overlook this region while considering potential diagnoses [2]. Among the tumors that preferentially develop at the CVJ, meningiomas are the most commonly encountered benign tumors in this area, followed by neurofibromas. Metastatic tumors, particularly originating from the lung and breast, are more common than primary tumors. Malignant neoplasms that can arise in this region include chordomas, chondrosarcomas, and nasopharyngeal carcinoma.



Searching in the literature, there are only few records of the effects of radiotherapy on the SB and the CVJ in particular. We found 11 cases of delayed cerebrospinal fluid (CSF) leak and 9 cases of SB osteoradionecrosis (ORN) after radiotherapy and proton therapy [4,5,6,7,8,9,10].



Certain authors have hypothesized that delayed cerebrospinal fluid (CSF) leaks following radiotherapy could be attributed to radiation-induced weakening or necrosis of the mucosal membrane [5]. Radiation therapy (RT) not only affects tumor cells but also damages healthy cells, including those in the vascular endothelium. This leads to a combination of conditions known as the triad of hypoxia, hypocellularity, and hypovascularity [11]. As the natural cycle of collagen tissue regeneration continues, the damaged tissue becomes unable to repair itself. While RT can cause osteoradionecrosis (ORN) in any bone, bones with inherently limited blood supply, like the mandible, tend to be more vulnerable. Bones of the skull base, including the temporal bone, basisphenoid–basiocciput, ethmoid, and maxillary facial bones, are also potential targets for ORN. Certain risk factors, such as Type II diabetes mellitus, smoking, and vascular diseases, may contribute to the development of ORN. Among head and neck malignancies, RT for nasopharyngeal carcinoma is a significant factor responsible for the occurrence of ORN. On the other hand, some researchers have suggested a potential link between CSF leaks after stereotactic radiosurgery and empty sella syndrome [6,9]. Usually, ORN has a delayed and subtle presentation, and it must be distinguished from recurrent disease or radiation-induced malignancies [12]. In our case report, the pathological examination revealed ORN with malignancy recurrency and the patient underwent oncological treatment.



Ecchordosis physaliphora (EP) is a congenital and benign lesion characterized by nodules of gelatinous tissue, believed to be ectopic remnants of the notochord along the craniospinal axis. It is most commonly found at the clivus and sacrum levels. To suspect EP, radiological findings should be considered, with typical features being hypointensity in T1-weighted and hyperintensity in T2-weighted MRI scans. Crucially, EP does not show contrast enhancement after the administration of gadolinium. CT images may reveal an osseous pedicle or stalk-like projection connecting the EP lesion to the dorsal aspect of the clivus, which can be an incidental finding. Regarding location, EP is mainly observed along the midline and intradurally, but it can be found in various combinations of the extradural, subdural, and subarachnoid spaces. Due to its variable presentation and location, careful evaluation of imaging findings is essential for the accurate diagnosis of ecchordosis physaliphora. Symptomatic EP is an exceptionally uncommon lesion that originates from residual notochordal remnants. It can occur at various points along the craniospinal axis, but its most frequent location is on the dorsal surface of the clivus. Typically, EP follows a benign and slow-growing course, often requiring only radiological monitoring. However, in rare instances, it can manifest with clinical symptoms, necessitating therapeutic intervention. Up to now, the literature has documented only 40 cases of symptomatic EP that underwent surgical treatment [13,14,15,16,17,18]. The complete removal of the lesion and the SB repair allowed the complete resolution of the symptoms in our patient.



SB and CVJ are possible sites of metastasis from lung, breast, and prostate cancer. The most common primary sites for metastases to the skull base include the prostate, kidney, liver (hepatocellular carcinoma), thyroid, gastrointestinal tract (adenocarcinoma), breast, lung, melanoma, and lymphoma. Typical clinical presentations in patients with skull base metastases include isolated sixth nerve palsy, diplopia, multiple nerve palsies, or headache. Unfortunately, patients with skull base metastases tend to have a poor prognosis, with a median survival of approximately 10 months. On imaging, metastases may appear as low-signal areas on T2-weighted MRI, which can potentially help differentiate them from other skull base tumors like chordomas and chondrosarcomas. This imaging characteristic is useful for narrowing down the differential diagnosis and guiding further investigations and treatment decisions.



Hepatocellular carcinoma (HCC) is a highly aggressive tumor, and the majority of patients experience a rapid decline, succumbing to the disease within a few months of being diagnosed. Because of its aggressive nature, distant metastases to the central nervous system (CNS) and skull base (SB) are exceedingly uncommon. Reviewing the literature, only 15 cases of HCC with SB involvement had been reported [19,20,21,22,23,24,25,26,27,28,29,30]. Due to the aggressiveness and the multiple metastatic localizations, our patient died after a few months of our intervention.



Capillary hemangioma (CH) is a benign vascular tumor that differs from venous and cavernous types of hemangioma from the histopathological findings of tightly coordinated capillary-like canals [31]. CHs may arise within the head and neck region, predominantly targeting the skin and mucosa surfaces of female infants, such as the nasal cavity and the tongue [32]. CHs affecting the SB are rarely reported. Searching in the literature, only seven cases of skull base CH are described, mainly in the pediatric population [33,34,35,36,37]. For symptomatic capillary hemangiomas, total resection is the gold standard. In the case of asymptomatic lesions, as the case we reported, once a definite histological evaluation is obtained, the literature regarding the optimal management is limited. Our patient underwent a radiological follow-up and, in 5 years, is still asymptomatic, and images showed no progression.



Rhabdomyosarcoma (RMS) is an aggressive and uncommon high-grade malignant tumor, characterized by small round blue cells resembling skeletal muscle [38]. It constitutes about 3 to 5% of all childhood malignancies and is the most prevalent soft-tissue sarcoma in children. The embryonal subtype is the most common histological variant, accounting for around 70% of RMS cases [38]. In childhood, RMS often occurs in the head and neck region, making up approximately 40% of cases. Among head and neck RMSs, about 40% to 50% affect parameningeal sites such as the nasal cavity, paranasal sinuses, nasopharynx, middle ear, mastoid region, pterygopalatine fossa, and infratemporal fossa [39]. The paranasal sinuses are the most frequently affected site, followed by the nasopharynx, nasal cavity, and external nose [40,41]. RMSs arising in the temporal bone and petrous apex are particularly rare, with only 9 and 2 reported cases, respectively [42,43,44]. Definitive standardized treatment sequences for RMS are controversial. Various combinations of surgery, radiotherapy, and chemotherapy are described. The patient in our case series responded to a bimodal therapy and is, at the time of writing, on maintenance chemotherapy.



Cholesterol granulomas (CG) are chronic inflammatory lesions mainly found in the apex of the petrous part of the temporal bone. These are non-cancerous, tumor-like formations characterized by a cystic cavity filled with fluid containing cholesterol crystals, red blood cells, their breakdown products, multinucleated giant cells, and hemosiderin. These elements are encased by a fibrous capsule [45,46].



To date, 27 cases of sellar and 2 cases of clival CG have been reported [47,48,49]. The exact origin of cholesterol granulomas remains uncertain and is likely to be diverse. One hypothesis suggests that these granulomas could potentially arise as a degenerative form of Rathke’s cleft cysts. However, the understanding of the underlying mechanisms and definitive etiology of cholesterol granulomas requires further investigation and research [49]. On CT scans, cholesterol granulomas appear as smoothly marginated, expansile lesions with the same density as brain tissue and do not enhance with contrast. Differentiating cholesterol granulomas from petrous bone cholesteatomas on MRI is usually feasible since cholesterol granulomas typically exhibit a characteristic hyperintense signal on T1-weighted MRI images. This imaging feature aids in distinguishing them from other similar lesions. Treatment consists in drainage of the CH, and, as in the case described, after the surgical approach, no further interventions are required.



Primary extradural meningiomas (PEMs) are uncommon tumors. The pathogenesis of PEMs is not fully understood, and several hypotheses have been proposed. One possibility is that they originate from the nerve root segment where the arachnoid (the delicate membrane covering the brain and spinal cord) contacts the dura mater (the tough outer layer of the meninges). Another hypothesis suggests that PEMs might arise from aberrant arachnoid islets located in the epidural space. Alternatively, they may develop from the external surface of the dura mater and extend into the extradural space. Further research is needed to gain a deeper understanding of the exact mechanisms responsible for the development of PEMs [50,51]. A review of the literature showed only 11 cases of PEMs in the spheno-occipital region [51]. Meningioma is a surgically treated disease.



The optimal treatment for meningiomas is total resection with wide margins. In our case, the far lateral approach allowed the complete resection with no recurrence at the 5 years follow-up.



Ganglion cysts (GCs) are cystic formations that can be either single or multilocular. They form due to the degeneration and cystic softening of the connective tissue found in joint capsules and tendon sheaths. This degenerative process can occur as a result of either degenerative disease or trauma to the affected area [52]. Generally, GCs originate from the wrist and knuckles, but occasionally they occur in the spinal canal mainly in lumbar and sacral vertebrae. Odontoid localization is extremely rare, with about 50 cases reported so far [53,54]. For diagnosis and spinal decompression, surgery is mandatory. In our case, the complete resection through hemilaminectomy resulted in good postoperative neurological recovery and the patient was asymptomatic with no signs of relapse.



Histiocytic sarcoma (HS) is an extremely uncommon malignancy originating from hematopoietic cells, exhibiting both morphologic and immunophenotypic evidence of histiocytic differentiation [55]. This rare cancer predominantly occurs in lymph nodes, and its incidence in extranodal sites, such as the gastrointestinal tract, spleen, and soft tissues, is relatively low [56]. Involvement of the primary skull base is exceedingly rare, and to date, only one case of HS in the craniovertebral junction (CVJ), specifically the spheno-clival region, has been reported [57]. HS is an invasive tumor that has shown poor response to treatments, and there is currently no widely accepted effective therapy available for this condition [58].



In the literature, most reported cases of histiocytic sarcoma have undergone some combination of surgical intervention, radiation therapy, and/or chemotherapy as part of their treatment regimen. The specific treatment approach may vary depending on factors such as the tumor’s location, size, stage, and the patient’s overall health. However, given the rarity of HS and the limited data available, there is no standardized treatment protocol, and management decisions are often made on a case-by-case basis [58]. Treatment for our patient consisted of surgery followed by concurrent chemoradiation, ongoing at the time of writing.



As far as the surgical approaches to CVJ are concerned, the access to this region is still challenging due to its characteristics. Historically considered as a nobody’s land, the CVJ with its combination of noble and vital structures requires experienced surgeons and dedicated surgical instruments. The interdisciplinary alliance between otorhinolaryngologists and neurosurgeons is crucial to properly address CVJ pathologies [59].



Various surgical approaches have been proposed for the management of lesions in different regions of the craniovertebral junction (CVJ). The choice of approach depends on the specific location of the lesion [2,60].



For lesions on the ventral aspect of the CVJ, several approaches have been utilized, including the endoscopic endonasal approach (EEA), transoral approach (TOA), and submandibular approach (SMA) [60].



Lesions on the anterolateral aspect of the CVJ can be accessed through the posterior suboccipital approach (SOA) and the postero-lateral or far lateral approach (FLA). Extradural lesions in the same region may be addressed using an anterolateral or extreme lateral approach (ELA) [60]. Each of these surgical approaches provides access to different areas of the CVJ, allowing surgeons to tailor their approach based on the characteristics and location of the lesion. Finally, anterior odontoidectomy and ventral decompression of the craniocervical junction can be achieved through three different operative corridors: the transoral, endonasal, and transcervical approaches. Over the last decade, there has been increased interest in the endoscopic endonasal transclival transodontoid approach to the craniovertebral junction. This approach offers a minimally invasive surgical alternative, especially in cases of irreducible basilar invagination located above the palatine line or lower-lying, thanks to angled endoscopes and instrumentation. By avoiding the oral cavity, the endonasal route has the advantage of reducing complications such as tongue swelling, prolonged intubation, velopharyngeal insufficiency, and dysphagia, leading to a faster postoperative recovery.



When planning surgery, various factors must be considered, including the specific location of the clivus involved (superior, middle, or inferior part), the histology of the pathology, its lateral extension, and the structures involved. Additionally, the patient’s anatomy, previous treatments, need for follow-up therapies, and comorbidities should be taken into account. Therefore, the surgical approach should be tailored to each patient’s individual needs rather than chosen arbitrarily. Using multiple surgical corridors around the relevant anatomy allows the surgeon to avoid dissection passing through the plane of cranial nerves, which optimizes the resection and reduces morbidity. This patient-centered approach, combined with a comprehensive evaluation of various factors, ensures a more successful and tailored surgical outcome for each individual case.



The present paper confirms that due to the anatomic complexities of this region and the concrete possibility of unusual pathologies, not only is the cooperation between otorhinolaryngologists and neurosurgeons mandatory, but so is the presence of the multidisciplinary expertise of neuroradiologists, pathologists, radiotherapists, and oncologists to set up the appropriate treatment.



Besides some of the most common diseases of the CVJ, there are rare pathologies for which there are not many reports in the literature, and our experience, which cannot be exhaustive, may be useful to provide a perspective.




5. Conclusions


The CVJ can be the host of rare pathologies and, due to the presence of bony, muscular, vascular, and neural structures in narrow spaces, the approach to this area is a complex challenge. The multidisciplinary coworking is fundamental to offer the patient the best treatment.



The results obtained from this study cohort represent the collective experience of our institution, showcasing the collaborative efforts of our multidisciplinary team in managing patients undergoing craniovertebral junction (CVJ) surgery. The successful outcomes and insights gained from this approach highlight the importance of teamwork and coordinated efforts in providing optimal care for these patients.
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Figure 1. Sagittal preoperative CT scan showing a massive tension pneumocephalus with erosion of infero-posterior parts of sphenoidal sinus and possible radionecrosis of the clivus (A). Intraoperative view of the necrotic clival bone (B). 
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Figure 2. Preoperative T1-weighted axial MRI scan showing the clival lesion (A). Postoperative MRI (B). 






Figure 2. Preoperative T1-weighted axial MRI scan showing the clival lesion (A). Postoperative MRI (B).



[image: Surgeries 04 00042 g002]







[image: Surgeries 04 00042 g003] 





Figure 3. T1-weighted axial MRI scan showing the expansive process in the clival region encompassing the right carotid siphon and infiltrating the ipsilateral cavernous sinus. 
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Figure 4. Contrast-enhanced T1-weighted axial MRI scan: the capillary hemangioma extends to the clivus and the left cavernous sinus, with intense homogeneous signal lesion enhancement. 
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Figure 5. Preoperative axial contrast-enhanced T1-weighted MRI scan showing an extradural voluminous mass with mixed contrast enhancement replacing the left condyle and eroding part of the lower clivus (A). Postoperative CT 3D reconstruction (B). Five years postoperative axial T1 RMI with contrast enhancement, showing the complete removal of the lesion (C). 
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