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Abstract
BACKGROUND
[bookmark: OLE_LINK5155][bookmark: OLE_LINK5156]Hemangioblastoma (HB) is a rare tumor, comprising about 2% of all intracranial tumors. Although it is a benign tumor, due to the abundant blood supply and its close relationship with adjacent cerebral blood vessels, surgical resection is difficult and may cause complications such as bleeding. If HB can be correctly diagnosed before surgery, complications can be avoided by methods such as vascular embolism before surgery.

CASE SUMMARY
[bookmark: OLE_LINK5157][bookmark: OLE_LINK5158]A 51-year-old male patient was admitted to our hospital because of blurred vision in his left eye for 2 years. Ophthalmological examination revealed oculus dexter vision acuity of 1.0 and oculus sinister vision acuity of 0.6. His left vision had tubular visual field, while his right vision had a partial defect. Computed tomography and magnetic resonance imaging showed a mass lesion at the left anterior base of the skull, which could have been a meningioma. During the operation, the tumor was found to be located at the entrance of the left optic nerve tube, closely adhering to the left optic nerve and the blood supply was extremely abundant. The tumor was carefully separated and diagnosed as HB postoperatively after pathological examination.

CONCLUSION
A rare HB at the anterior skull base could be distinguished by its imaging features, which is essential to the surgical procedures.
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[bookmark: OLE_LINK4931][bookmark: OLE_LINK4932]Core Tip: Hemangioblastoma (HB) tends to occur in the infratentorial region, especially in the cerebellar hemisphere. Supratentorial HB incidence was only about 3.2%. HB at the anterior skull base is exceedingly rare and needs to be distinguished from other tumors that tend to occur in this region. Magnetic resonance imaging plays a key role in the differential diagnosis of supratentorial HB, allowing its correct diagnosis and guiding the choice of surgical procedure.

INTRODUCTION
Hemangioblastoma (HB) is a rare tumor, comprising about 2% of all intracranial tumors[1]. HB occurs most commonly in the cerebellar hemispheres, followed by the brainstem and spinal cord, and is least common in the supratentorial region[2]. In the supratentorial area, it mostly occurs in the frontal lobe and pituitary stalk[3], whereas in this case, as on rare occasions, HB can occur at the base of the anterior skull. This patient initially presented with a left visual field defect, with computed tomography (CT) and magnetic resonance imaging (MRI) suggesting a left anterior skull base mass. The pathological report revealed HB after surgery. Since the HB blood supply at the base of the anterior skull is abundant and located in regions of critical neural functions, correct preoperative diagnosis is very important to improve surgical safety. 
Here, we provide characteristic imaging findings of anterior skull base HB and distinguish them from other anterior skull base mass holders.

CASE PRESENTATION
Chief complaints
A 51-year-old male patient had blurred vision in his left eye for 2 years, and was not receiving any medication at the time of admission.

History of present illness
The patient undergoes physical examination every year. Four months ago, during physical examination in the local hospital, a head CT revealed a mass-occupying space. The patient came to our hospital for further diagnosis and treatment.
History of past illness
The patient denied history of hepatitis, tuberculosis, hypertension, diabetes, heart disease, or other chronic diseases.

Personal and family history
The patient’s personal and family history was unremarkable.

Physical examination
The ophthalmic examination showed that the patient’s consciousness was clear, both pupils were equal in size, and he was sensitive to light reflex. Cranial nerve examination showed a normal result except that the oculus sinister vision acuity was 0.6, his left eye had tubular constriction, and his right eye had a partial defect.

Imaging examinations
CT showed a quasi-circle-shaped lesion of 24.0 mm in diameter, with a hybrid density focus and a clear boundary, adjacent to some irregular bone, identified in the anterior skull base. MRI revealed a quasi-circular, cystic-solid mixed mass at the anterior skull base. T1-weighted imaging (T1WI) exhibited slightly low and low signals. Gadolinium-enhanced T1WI showed that the solid part was enhanced, and the inside of the mass showed flow void (Figure 1). Imaging diagnosis indicated that the mass in the anterior skull base was benign.

Laboratory examinations
[bookmark: OLE_LINK5165][bookmark: OLE_LINK5166]During the operation, the tumor was located at the entrance of the left optic canal, approximately 20 mm × 20 mm × 25 mm in size. The tumor was reddish-brown, and its texture was soft, with an abundant blood supply. Several thick and malformed blood vessels were observed on the surface of the tumor, which primarily supplied blood to the left ophthalmic artery. Gross pathology revealed a gray-yellow tumor with a diameter of 18 mm. Microscopic pathology demonstrated an abundant capillary network and foamy stromal cells, and the nucleus of these cells exhibited slight atypia (Figure 2). The immunohistochemistry results were as follows: cluster of differentiation 34 (CD34) (+), S-100 (10%-20%+ of tumor cells), inhibin A (-), D2-40 (-), glial fibrillary acidic protein (brain +), cytokeratin (-), CD10 (-), Ki67 (1%+ of tumor cells), epithelial membrane antigen (-), and progesterone receptor (10%-20%+ of tumor cells). The pathological diagnosis was of an HB at the anterior skull base [World Health Organization (WHO) grade I].

FINAL DIAGNOSIS
Supratentorial HB at the anterior skull base.

TREATMENT
Left anterior skull base tumor resection was performed under general anesthesia. During the operation, the artery supplying the tumor was found to be an ophthalmic artery, and was cut and separated from the tumor. Although the tumor tightly adhered to the left optic nerve, the tumor was carefully isolated and completely removed under the microscope. The bilateral internal carotid arteries, optic crissus, right optic nerve, and pituitary stalk were well protected, and the left optic nerve was anatomically preserved.

OUTCOME AND FOLLOW-UP
After surgery, the patient was blind in the left eye, had no sense of light, and was slow to respond to light. One week after the operation, the patient suddenly had a generalized tonic-clonic seizure, which presented with generalized muscle rigidity and clonus, with loss of consciousness and autonomic dysfunction. After symptomatic treatment, there was no recurrence. At the most recent follow-up, the patient also had no further seizures. And, 3 mo after the operation, the patient underwent a head MRI at the local hospital, and the imaging results showed that HB had not recurred.

DISCUSSION
HB is also known as angioreticuloma. In 2021, the WHO categorized HB as grade I “mesenchymal, non-meningothelial tumor.” HB accounts for approximately 2% of all intracranial tumors and 7%-12% of all posterior fossa tumors. HB is divided into sporadic and familial hereditary types, with the latter accounting for approximately 20% of HBs[1]. HB is often diagnosed between 35 years and 45 years of age, and men are more likely to be diagnosed than women[2]. In accordance with the frequency of occurrences of HB at various locations, the descending order is as follows: cerebellar hemisphere, brainstem and spinal cord, and supratentorial area[2]. The clinical symptoms of HB are primarily dependent on the location of the tumor, while the clinical symptoms of supratentorial HB are non-specific and include epilepsy, elevated intracranial pressure, and neurological dysfunction[4]. Histologically, HB comprises two components: the parenchymal vessels at various maturity stages and the interstitial cells in the vascular network[5]. Because HB has abundant blood supply and is located in essential neural functional areas, it is important to improve the safety of the operation to make the correct diagnosis before the operation.
The imaging of HB has shown the existence of solid and cystic types and a mixed type (cystic-solid mixed type). MRI plays a key role in the differential diagnosis of HB[6]. The typical feature of the solid-cystic mixed type is a large cystic part with small tubercles. In this type, the edge of the tumor is smooth, and the diameter of the mural tubercle is normally less than 2 cm, which is also often attached to the pia mater. CT has shown that the cystic part has a homogeneous low density, whereas the tubercle is isodense or of a slightly higher density. T1WI shows a hypointense signal of cystic fluid, which is slightly higher than the intensity of the cerebrospinal fluid, whereas the tubercle displays a slight hyperintense or isointense signal. T2WI shows a homogeneously hyperintense signal of the cystic fluid, while there is a slightly less intense signal of the mural tubercle than that of the cystic fluid. The signal of the mural tubercle is often covered by the hyperintense signal of the cystic fluid. Fluid attenuated inversion recovery shows a hypointense signal of the cystic fluid and a hyperintense signal of the mural tubercle. Enhanced T1WI signal indicates that the mural tubercle is obviously enhanced, but not in the cystic fluid and cyst walls. Flow voids are observed inside or in the vicinity of the tubercle. If there was fresh bleeding from the tumor, T1WI and T2WI would display a hyperintense signal. It is associated with no or mild peritumoral edema[1,7].
For solid-type HB, T1WI displays an isodense signal, and the tumor with its center necrotized could display an isodense and hypointense mixed signal. The enhanced T1WI shows that the solid part is obviously enhanced, and there are earthworm-shaped arteries with flow voids supplying blood to the tumor, around the tumor, and the majority of the peritumoral edema is obvious. A purely cystic tumor is the rarest circumstance, probably because the mural tubercles are too small to be displayed, and the overall tumor exhibits one cystic mass. Infratentorial and supratentorial HBs often differ from each other, as the former are primarily cystic, whereas the latter are cystic-solid mixed, with a few cystic components. The reason for this difference might be that the brain is believed to be less resistant to fluid diffusion than the cerebellum[1,7].
In this case, the HB was in the supratentorial region and at the anterior skull base, which is rather rare. T1WI displayed a slightly hypointense signal on the solid tubercle and a relatively low intensity signal of the cystic component. Enhanced T1WI indicated that the tubercle was enhanced, but not the cystic fluid and wall. The HB in this case was of the cystic-solid mixed type. A flow void was observed in the vicinity of the tumor, which was consistent with the typical imaging features of this type of HB. Because HB is abundant in blood supply, in anatomically conducive circumstances, vascular embolization could be performed to reduce bleeding during the perioperative period and associated complications[3,8]. If this case can be correctly diagnosed as HB before surgery, there may be a more suitable surgical plan, and the patient's prognosis will be better. Therefore, a correct diagnosis of HB before surgery plays a key role in surgery.
It is not difficult to discern the infratentorial HB in light of the typical location and its imaging features; however, it is the view of this article that the circumstance of the HB at the anterior skull base is to be distinguished from the following conditions: (1) Olfactory groove meningioma is a common space-occupying lesion at the anterior skull base and bears imaging features similar to those of meningiomas at other locations, including hyperosteogeny, less cystic degeneration, and the broad base of the tumor connected to the meninges. Most olfactory groove meningiomas exhibit signs of dural tail and cortical buckling[9]; (2) Olfactory neuroblastoma often appears as irregularly shaped lumps, with isodensity on CT and calcification in most cases. This type of tumor is usually located in the front two-thirds of the top of the nasal cavity, with longitudinal growth. It is also dumbbell-shaped with the anterior skull base as its center, and develops in both the nasal and intracranial directions, coupled with bone destruction of the ethmoid plate of the anterior skull base. Bone destruction often occurs in the turbinate, nasal septum, or orbit. T1WI of this tumor displays a slightly hypointense signal relative to the gray matter. In contrast, T2WI exhibits a relatively hypointense signal compared to that of the retained mucus. In addition, T2WI indicates that the edge of the tumor is not clear and that there is an inhomogeneous signal. Cystic degeneration and bleeding have also been reported. Enhanced T1WI displays more than moderate and inhomogeneous enhancement[10]; and (3) Approximately 20% of schwannomas occur in the anterior skull base. In most cases, T2WI findings indicate a hyperintense signal with variable enhancement[9]. Schwannoma is usually found firmly attached to the cribriform plate or olfactory groove and is characterized by poor vascularization. In some patients, cranial nerves are involved, manifesting as thinning and displacement[11].

CONCLUSION
Although HB in the anterior skull base is rare, the aforementioned imaging features should serve as one of the criteria for differential diagnosis. The diagnosis of HB in the anterior skull base is essential for selection of the appropriate surgical procedure.
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Figure Legends
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[bookmark: OLE_LINK5172][bookmark: OLE_LINK5173]Figure 1 Brain computed tomography and magnetic resonance imaging scan findings. A and B: The computed tomography imaging showing a quasi circle-shaped and well-defined 24.0 mm diameter lesion with hybrid density in the anterior skull base; C and D: Sagittal and coronal T1-weighted image showing the lesion has both slightly low and low signal; E and F: Sagittal and coronal gadolinium-enhanced T1-weighted image showing the obviously enhancement of the mural nodule and flow void in the mass lesion.
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Figure 2 Postoperative pathological findings. A: Histopathological examination showing an abundant capillary network and foamy stromal cells, and the nucleus of these cells exhibited slight atypia, hematoxylin and eosin staining (HE), 4 ×; B: HE, 10 ×.
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