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Abstract
Cerebellar hemangioblastomas remain surgically challenging because of the narrow, deep surgical
corridors and tumor hypervascularity. Various surgical approaches are used according to the location, but
optimal approaches have not been established. We propose a system of surgical approaches based on
the venous drainage systems to facilitate surgical planning and achieve acceptable neurological
outcomes. Cerebellar hemangioblastomas were divided into �vefour types based on the main drainage
systems: suboccipital hemangioblastomas draining to the transverse sinus (TS) or torcular, tentorial
hemangioblastomas draining to the tentorial and straight sinus, petrosal hemangioblastomas draining to
the superior petrosal sinus (SPS),, and quadrigeminal hemangioblastomas draining to the galenic
system, and tonsillar hemangioblastomas draining to the TS or torcular in conjunction with jugular bulb
or SPS. Microsurgical approaches and patient outcome were retrospectively reviewed according to this
classi�cation. This study included 17 patients who underwent 21 operations for resection of 19 cerebellar
hemangioblastomas, classi�ed into 911 suboccipital, 4 tentorial, 2 petrosal, and 2 quadrigeminal, and 2
tonsillar. Standard suboccipital craniotomies were utilized for suboccipital hemangioblastomas, the
occipital transtentorial approach (OTA) and supracerebellar infratentorial approach for tentorial
hemangioblastomas, the retrosigmoid approach for petrosal hemangioblastomas, and OTA for
quadrigeminal hemangioblastomas, and midline suboccipital approach for tonsillar
hemangioblastomashemangioblastomass. Gross total resection was achieved in all patients except one.
Two patients with large hemangioblastomas (tonsillarsuboccipital and quadrigeminal) required second-
stage operation which �nally achieved gross total removal. No single approach had a signi�cantly higher
incidence of postoperative neurological de�cits. Selection of the optimum surgical approach for
cerebellar hemangioblastomas was successful based on the main drainage systems. Understanding of
tumor growth and extension with respect to the venous drainage system is critical to select the
appropriate surgical approach.

Introduction
Central nervous system (CNS) hemangioblastoma is a relatively rare intracranial neoplasm accounting
for 1.5-2.5% of CNS tumors, and can occur as a sporadic entity as well as in patients with von Hippel-
Lindau (VHL) disease, an autosomal dominant inherited disorder.[10,14] CNS hemangioblastomas are
benign, highly vascularized tumors classi�ed as grade I according to the World Health Organization
classi�cation. Despite the benign histological features of the tumor, mass effect resulting from tumor
progression, peritumoral cyst formation, and expanding peritumoral edema may cause morbidity and
mortality.[34] Surgery is curative and the treatment of choice in most patients with clinical symptoms.
The goal of surgery is complete removal of the lesion to prevent perioperative hemorrhage and to
preserve surrounding neurovascular functions.

CNS hemangioblastomas occur most frequently in the cerebellum followed by other speci�c CNS
locations such as the retina, spinal cord, and brainstem.[6,13,34] Various surgical approaches for
cerebellar hemangioblastoma are adopted according to tumor location.[1,7-11,15,20,21,33] Cerebellar
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hemangioblastomas present unique operative challenges, despite current advances in
microneurosurgical techniques, such as the narrow and deep surgical corridor in the posterior fossa,
inability to debulk the tumor mass due to hypervascularity, di�culty in early access to the feeding artery
behind the tumor, and interference by large tortuous draining veins during the resection.[8-10,19,21]
Consequently, selection of the optimal surgical approach and operative planning is quite important to
access the pial surface and achieve panoramic exposure of the circumferential entire margin of the lesion
for early management of the cortical feeding artery and identi�cation of the main draining system.
However, the optimal surgical approach to cerebellar hemangioblastomas has not been systematically
established and comprehensively speci�ed because of the rarity of these lesions.

The current study tried to systematize our surgical approach and evaluated our surgical results for 19
cerebellar hemangioblastomas according to a classi�cation of the cerebellar surface into �ve different
regions based on the venous drainage system. We found that these subtypes offer intuitive appreciation
of their anatomy and surgical management and are useful in describing the surgical results.

Materials & Methods
Patient Population

Nineteen consecutive patients underwent a total of 24 operations for resection of 22 cerebellar
hemangioblastomas at the University of Miyazaki between January 2007 and March 2020. Three
recurrent hemangioblastomas in 2 patients were excluded because the drainage veins could not be
determined due to the previous surgery, so �nally 17 patients who underwent a total of 21 operations for
19 cerebellar hemangioblastomas were evaluated. Medullary and spinal hemangioblastomas were not
included in this study. The diagnosis of VHL disease was made according to the clinical criteria. Clinical
data pertaining to patient demographics, neurological status, operative record, and clinical outcome were
obtained by retrospective chart review. All available baseline medical data were assessed, including
medical records, neuroimaging studies, intraoperative photographs, and videos.

All patients underwent 3.0 T magnetic resonance (MR) imaging (contrast-enhanced T1-weighted and
�uid-attenuated inversion recovery [FLAIR] images), and three-dimensional computed tomography
angiography to evaluate the tumor location, maximum tumor diameter, course of the feeding artery, and
draining veins. Maximum tumor and/or cyst diameter were measured and classi�ed into small (<25 mm)
and large (≥25 mm) tumors. Intraoperative �ndings were systematically reviewed on the operative
records and videos. Extent of resection was determined by retrospective review of the postoperative MR
images obtained within 3 days after surgery. Histological diagnosis was made according to the criteria of
the World Health Organization classi�cation.[4,14] Detailed neurological assessments were performed by
neurosurgical residents and the senior neurosurgeon, preoperatively and postoperatively. Neurological
outcome was assessed with the modi�ed Rankin Scale (mRS). Good and pooroutcomes were de�nedas
�nal mRS ≤2 and mRS >2. Neurological improvement and deterioration were de�ned as decrease and
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increase in mRS score, respectively. Sixteen hemangioblastomas with 14 patients were followed up for at
least 5 months with serial clinical and MR imaging examinations at 6- or 12-month intervals.

Classi�cation of Cerebellar Hemangioblastomas

Cerebellar hemangioblastomas were organized into the following �ve groups according to their drainage
venous system (Fig. 1).

Suboccipital Hemangioblastoma

Suboccipital hemangioblastoma is located on the suboccipital and tonsillar surface and drains toward
the inferior vermian veins, inferior hemispheric veins, or both, which empty into the transverse sinus or
torcular.

Tentorial Hemangioblastoma

Tentorial hemangioblastoma faces the tentorial surface and is located in the extreme narrow space along
the supracerebellar-infratentorial plane. Venous drainage is through the superior hemispheric veins, which
empty into the straight sinus or tentorial sinus.

Petrosal Hemangioblastoma

Petrosal hemangioblastoma faces the corner of the petrosal surface and tentorium, and drained by the
petrosal veins, which empty into the superior petrosal sinus (SPS).

Quadrigeminal Hemangioblastoma

Quadrigeminal hemangioblastoma is located on the anteromedial cerebellar surface facing the
quadrigeminal cistern, and drained by the precentral cerebellar vein or superior vermian vein, which
belong to the galenic system that drains into the vein of Galen.

Tonsillar Hemangioblastoma

Tonsillar hemangioblastoma is located on the tonsillar surface and drains toward the super�cial venous
system which empties into the transverse sinus or torcular, in conjunction with the deep venous drainage
system emptying into the jugular bulb or SPS.

Microsurgical Technique

The same fundamental surgical technique is used for resection of all hemangioblastomas after
craniotomy with the selected surgical approach for different tumor locations. Dural incision is made to
gain access to the exposed tumor-pial border, surrounding feeding arteries, and draining veins. The tumor-
pial interface is sharply dissected and feeding arteries are sharply interrupted, followed by deep
circumferential dissection at the tumor-cerebellar tissue interface. The draining veins and major draining
venous systems, which are often prominent in the surgical �eld and obstruct the resection, should be
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meticulously dissected and preserved until the end of the surgery. Tumor shrinkage by step-wise bipolar
coagulation of the tumor capsule provides better visualization of the deep tumor-cerebellar interface.
Care should be taken to preserve venous drainers of some hemangioblastomas during dissection of the
deep tumor-cerebellar interface. Finally, en-bloc resection can be achieved after coagulation and ligation
of the draining veins. For lesions associated with peritumoral cysts, the entire cyst wall is left and
carefully inspected after tumor removal. External ventricular drainage is placed to manage
hydrocephalus and reduce raised intracranial pressure.

Preoperative Embolization

Standard transfemoral angiographic technique was used to obtain global angiographic images in 15
patients to evaluate the vascular structures. Preoperative liquid embolization procedures were performed
under local anesthesia for 8 hemangioblastomas within 24 hours before surgery. After careful evaluation
of the superselective angiography using �ow-directed microcatheters of the safely accessible, most
peripheral feeding arteries supplying the tumor, embolization of strictly selected arterial feeders was
performed using N-butyl-2-cyanoacrylate (NBCA) adjusted to adequate concentrations to avoid occlusion
of the drainers.

Results
Patient Demographics

This study included 17 patients who underwent a total of 21 operations for resection of 19 cerebellar
hemangioblastomas at our institution, 10 men and 7 women aged 23-86 years (mean age 53.6 ± 20.8
years) at initial surgery. Eight patients had sporadic etiology and 9 met the clinical criteria for the
diagnosis of VHL disease. Demographic and baseline clinical data were available for all patients (Table
1). Most patients (10 of 17) presented with cerebellar ataxia. Five patients presented with headache. One
patient presented with facial numbness. One patient had progressive disturbance of consciousness due
to acute hydrocephalus. The clinical characteristics of 19 hemangioblastomas are shown in Table 2.
Mean maximum diameter was 33.7 ± 12.9 mm. Fifteen hemangioblastomas (78.9%) were classi�ed as
large. Eleven patients had solitary and 8 had multiple lesions. Peritumoral cysts and intratumoral cysts
were associated with 8 and 2 hemangioblastomas, respectively. The other 9 tumors had solid
morphology. Thirteen hemangioblastomas (68.4%) were associated with obstructive hydrocephalus.
Eighteen of the 19 hemangioblastomas (94.7%) were associated with peritumoral edema. Extensive and
local peritumoral edema was demonstrated on FLAIR sequences in 12 and 6 hemangioblastomas,
respectively. One suboccipital hemangioblastoma with large peritumoral cyst was not associated with
peritumoral edema.

Classi�cation of Cerebellar Hemangioblastomas and Clinical Outcomes

Characteristics and surgical approaches selected for the different subtypes are shown in Table 3.
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Suboccipital Hemangioblastomas

This study included 9 (47.4%) suboccipital hemangioblastomas, which drained to the torcula and
transverse sinuses from the inferior vermian veins (3 of 11, 27.3%), inferior hemispheric veins (5 of 11,
63.6%), or both (1 of 11, 9.1%). Suboccipital hemangioblastomas are the most common and located on
the suboccipital surface (Fig. 2), which is the most accessible and so could be removed through standard
suboccipital craniotomies according to the tumor size. These craniotomies provide panoramic exposure
of the entire margin of the lesions, which allows early identi�cation and control of the feeding arteries
supplied by cortical branches from the superior cerebellar artery (SCA) from superiorly, posterior inferior
cerebellar artery (PICA) from inferiorly, and anterior inferior cerebellar artery (AICA) from the lateral
margin. These craniotomies also allow meticulous dissection under direct visualization and preservation
of the draining veins until the end stage of resection. Gross total removal was achieved in 9 of 10
patients. Small unexpected residual tumor was observed on postoperative MR imaging of one
suboccipital hemangioblastoma with large intratumoral cyst. No permanent neurological complications
occurred. All patients with suboccipital hemangioblastomas improved and remained stable.

Tentorial Hemangioblastomas

This study included 4 tentorial hemangioblastomas (21.1%), which originated on the tentorial surface
and extended along the extremely narrow space of the supracerebellar-infratentorial plane (Fig. 3).
Venous drainage passed through the superior hemispheric veins, which directly drained to the straight
sinus in all tumors. Tentorial hemangioblastomas were supplied by SCA feeders from the anterior margin
of the lesion and PICA feeders from the posterior and AICA feeders from the anterolateral margins. In this
series, three tentorial hemangioblastomas (75%) located in the midline were resected through the
occipital transtentorial approach (OTA) to gain access to the entire tumor-pial margin along the superior
cerebellar surface. This approach requires careful consideration during tentorial incision to avoid
potentially devastating hemorrhage from the tentorial sinus and to protect the main drainers. One
tentorial hemangioblastoma with lateral extension was resected using the supracerebellar infratentorial
approach (SCITA) for direct access to the posterior tumor surface. The suboccipital craniotomy was
extended superiorly above the transverse sinus to elevate the tentorium and inferiorly to the foramen
magnum. In this approach, preoperative embolization of the SCA feeders was bene�cial because of the
deep perforator supply from the SCA behind the tumor. Gross total removal was achieved in all four
patients. Transient homonymous hemianopsia was noted in the 3 patients after the OTA, but no
permanent neurological de�cits occurred. All patients with tentorial hemangioblastomas improved after
surgery.

Petrosal Hemangioblastomas

This study included 2 petrosal hemangioblastomas (10.5%), located in the lateral portion of the
cerebellum facing the corner between the petrous bone and tentorium (Fig. 4). The main feeder to these
lesions was SCA dominant and collaborated with the AICA and PICA. Venous drainage mainly coursed to
the petrosal sinus through the petrosal veins and superior hemispheric veins. Petrosal
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hemangioblastomas were resected through retrosigmoid craniotomy with exposure of the transverse-
sigmoid junction to gain access to the petrosal surface and SPS. This approach can access a wide space
for early evacuation of hematoma and relaxation of swollen cerebellum in patients with postembolic
hemorrhage. The lesion was then dissected circumferentially and totally removed. Gross total removal
was achieved in both patients, but new neurological de�cits developed and mRS also worsened in one
patient with postembolic hemorrhage.

Quadrigeminal Hemangioblastomas

This study included 2 quadrigeminal hemangioblastomas (10.5%), which drained through the galenic
system via the precentral cerebellar veins or superior vermian veins (Fig. 5). Feeding arteries were mainly
supplied by cortical branches from the SCA supplemented by the PICA inferiorly and AICA laterally.
Quadrigeminal hemangioblastomas are most challenging because of the deep location in the superior
vermis and anteromedial region of the superior cerebellum facing the quadrigeminal plate, but can be
accessed through the OTA. This approach provides good exposure of the tumor-pial interface and allows
meticulous dissection of this interface and early control of the feeding arteries under direct visualization
of the galenic system. Complete tumor resection was achieved in both lesions and con�rmed on
postoperative MR imaging. One quadrigeminal hemangioblastoma larger than 35 mm underwent second-
stage surgery to complete resection through the OTA on both sides (Fig 5). Permanent unilateral
homonymous hemianopsia was observed in the latter patient. Improvement or stabilization of mRS was
observed in both patients.

Tonsillar hemangioblastoma

This study included 2 tonsillar hemangioblastomas (10.5%), which originated on the tonsil with
super�cial drainage through the torcular or transverse sinus (Fig. 6). Deep drainage into the jugular bulb
or SPS was also found. Feeding arteries were mainly supplied by cortical branches from the PICA
supplemented by the AICA laterally and SCA superiorly. Tonsillar hemangioblastoma was classi�ed into a
different category from suboccipital hemangioblastoma because the deeper location with deep drainage
makes the surgical procedure more challenging. The entire posterior surface was hidden by the cerebellar
hemisphere and the anterior surface was adjacent to the medulla oblongata and lateral recess of the
fourth ventricle. Tonsillar hemangioblastoma can be resected through midline suboccipital craniotomy
including the posterior edge of the foramen magnum with or without C1 laminectomy. This approach can
maintain the dissection plane of the tumor-cerebellar interface under direct visualization of the brainstem,
main trunk of PICA, and super�cial drainer, but careful attention should be given to any deep drainage
vessel on the bottom of the lesion. One tonsillar hemangioblastoma larger than 40 mm required second-
stage surgery for complete resection (Fig. 6).

Surgical Results and Outcomes

Complete resection was achieved in 18 of 19 hemangioblastomas (94.7%) using our proposed surgical
approaches (Table 3). None of the draining veins were sacri�ced until the �nal stage of resection.
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Intraoperative placement of ventricular drains for cerebrospinal �uid diversion was required in 14 of 21
surgeries. Preoperative hydrocephalus resolved without ventriculoperitoneal shunt placement in all
patients after surgical resection. No major complications were related to the procedures. No single
approach had a signi�cantly higher incidence of postoperative neurological de�cits. One patient with VHL
disease underwent 2 operations for 3 different lesions. Two patients with large solid hemangioblastomas
(tonsillar and quadrigeminal) underwent two-staged surgery through the same surgical approach 2 weeks
apart. Transient homonymous hemianopsia was observed in 4 of 6 patients after surgery using the OTA,
but these symptoms improved within a few weeks. One patient with quadrigeminal hemangioblastoma
experienced transient trochlear nerve palsy, which was resolved within several weeks. One patient with
large quadrigeminal hemangioblastoma had persistent unilateral homonymous hemianopsia. Two
patients who presented without clinical signs and symptoms before surgery remained asymptomatic.
Three patients with preoperative mRS score of 4 improved to score of 3 in 2 patients and score of 4
remained in one patient. Finally, 13 of 17 patients had excellent and good outcomes (mRS score of 0-2).
Improvement or stability of symptom and condition relative to preoperative condition was observed in 16
of 17 patients, whereas 1 patient with the petrosal type had poor outcome caused by postembolic
hemorrhage. This patient underwent emergency craniotomy using the retrosigmoid approach to remove
intratumoral massive hemorrhage 2 hours after embolization. No recurrence has been observed among
the 16 resected hemangioblastomas at the last follow-up visit with mean follow-up period of 38.1 ± 22.5
months (range, 5-72). Further surgery was required for another lesion in two patients with VHL because of
tumor enlargement during the follow-up period.

Discussion
Classi�cations of Cerebellar Hemangioblastomas Based on the Venous Drainage System

The present study proposed an anatomical classi�cation of cerebellar hemangioblastomas based on the
venous drainage system. Identi�cation of the exact origin of the tumor is essential for optimum selection
of the surgical approach for cerebellar hemangioblastomas, but determination on only preoperative MR
images may be di�cult due to deformation of the cerebellar surface by the tumor, peritumoral cyst, and
perifocal edema, especially with larger tumors. Our classi�cation found a strikingly limited subset of a
unique drainage system relative to the tumor origin in all hemangioblastomas. This unique drainage
system consisted of peculiar large inherent veins located at the origin of the cerebellar
hemangioblastoma and forming the main drainage passing into speci�c dural venous sinuses. Such a
drainage system passing through a single large draining vein into one of the venous sinuses is similar to
the patterns found in arteriovenous malformations (AVMs).[35,36]

Cerebellar hemangioblastomas arise at various sites in the cerebellum with characteristic vascular
architectures. The main histopathological feature of hemangioblastomas is the presence of two main
components consisting of neoplastic stromal cells and abundant vascular cells.[14] Recent studies
demonstrated that these stromal cells represent the cytologic equivalent of embryonal hemangioblasts,
which are common progenitor cells with differentiation potential into endothelial cells and hematopoietic
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stem cells.[6,31,32] Precirculatory vascular plexuses derived from hemangioblastic cell islands eventually
establish communication through the arterial and venous systems.[35] The nature of the active process
remains unknown, but such an embryonal vascular plexus might connect to the regional draining veins
emptying into the adjacent venous sinuses.

The classi�cation of the cerebellar veins is based on three cortical surfaces, containing the superior
hemispheric and superior vermian veins from the tentorial surface, inferior hemispheric and inferior
vermian veins from the suboccipital surface, and petrosal veins from the petrosal surface. These
super�cial cerebellar veins terminate as bridging veins collecting into three major venous systems, the
galenic, petrosal, and tentorial venous systems. The super�cial veins of the galenic group include the
precentral cerebellar veins, the superior vermian vein, and the anterior group of the superior hemispheric
vein, that drain the anterior part of the tentorial surface. The petrosal draining group includes the
super�cial veins that drain the lateral part of the cerebellar hemisphere, collecting into the SPSs. The
tentorial draining group includes the super�cial veins draining the suboccipital surface and the posterior
part of the tentorial surface, which collect into the straight and the transverse sinuses and the torcula,
either directly or through a tentorial sinus. The cerebellar tonsil has two unique but different drainage
systems. The super�cial venous system includes the superior and inferior retrotonsillar veins which join
to form the inferior vermian vein, emptying into the transverse sinuses and the torcula. The deep venous
system including the supratonsillar veins drains into the vein of the cerebellomedullary �ssure
anastomosing with the vein of the inferior cerebellar peduncle, which directly drains into the jugular bulb
or into the SPS via the vein of the middle cerebellar peduncle.[22,23] Accordingly, we proposed the
anatomical classi�cation of cerebellar hemangioblastomas based on the venous drainage system, and
indicated the appropriate surgical approach. In our series, suboccipital and tentorial hemangioblastomas
were associated with the tentorial draining group from the suboccipital surface and the posterior part of
the tentorial surface, respectively. Petrosal and quadrigeminal hemangioblastomas were associated with
the petrosal draining group and the galenic group, respectively. Tonsillar hemangioblastoma was
separately categorized from the suboccipital type because of the association with a deep venous
drainage system.

Surgery for hemangioblastomas is regarded as di�cult due to their AVM-like characteristics.[15,21]
Venous drainage and eloquence are key components of the Spetzler-Martin grading system, but these
factors are not a reliable indicator of surgical risks of cerebellar AVM because of the speci�c anatomical
properties of the cerebellum. Tumor location and supplementary grading system are important for
predicting outcomes after cerebellar AVM resection.[24] However, the most recent data from multicenter
retrospective analysis indicated a signi�cantly greater risk for poor outcomes in patients with deep
venous drainage into the galenic system,[18] which is an excellent indicator of cerebral AVM depth in the
Spetzler-Martin grading system.[28] Cerebellar AVMs can be classi�ed into 5 subtypes, vermian,
suboccipital, tentorial, petrosal, and tonsillar according to their location.[24] This anatomical
classi�cation might be adapted to cerebellar hemangioblastomas, because the drainage system might
consist of unique large venous drainage similar to cerebellar AVMs.[35,36]
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Selection of the Surgical Approach

Safe resection of hemangioblastomas requires careful selection of the surgical approach to achieve
panoramic exposure which allows early identi�cation of the major feeding arteries and single main
draining vein, and direct visualization of any small feeding arteries around the entire pial border,
especially for large, solid tumor with deep location. Posterior fossa hemangioblastomas can be divided
into four types according to their location and feeding arteries. Type I is found in the cerebellar
hemisphere and vermis fed by the SCA, PICA, and AICA, type II in the cerebellar tonsil fed by the AICA,
PICA, and meningeal branches, type III in the fourth ventricle and brain stem fed by the PICA, and type IV
in the superior vermis fed by the SCA and meningeal branches. The suboccipital ipsilateral approach,
modi�ed far-lateral approach, suboccipital midline approach, and suboccipital supracerebellar approach
are applied to tumor types I, II, III and IV, respectively.[5,33] In our experience, the anatomy of the arterial
blood supply is not important to select the surgical approach because most large, solid
hemangioblastomas receive multiple arterial blood supplies around the entire tumor-pial border or tumor-
neural tissue interface from the SCA, AICA, and PICA, regardless of tumor origin and location in the
cerebellum. Selection of surgical approach according to venous drainage system is important because
this characteristic exclusively re�ects the tumor origin.

Suboccipital hemangioblastomas were most common type (47.4%) in this study. Cerebellar
hemangioblastomas predominantly located in posterior half of the cerebellum.[8] Suboccipital
hemangioblastoma is most accessible and can be excised through standard suboccipital craniotomy
matching the tumor size and location. Tentorial hemangioblastomas were second most common type
(21.1%) in this study, and could be resected through the OTA or SCITA to gain access to the entire tumor-
pial margin on the superior cerebellar surface. Quadrigeminal hemangioblastomas were found in 10.5%
of cases in this study. This type of hemangioblastoma is the most challenging because of the deepest
location in the superior vermis and anteromedial region of the superior cerebellum facing the
quadrigeminal plate, accessed through the OTA.

The preferred surgical approach to the upper, anterior part of the cerebellum is still controversial. The OTA
and SCITA are the most commonly used among the various reported surgical approaches[5,7-
9,11,20,24,26,27,33] and the subtemporal transtentorial approach is used for some limited cases.[2,3] We
performed the OTA for 3 tentorial and 2 quadrigeminal hemangioblastomas with midline location, and
the SCITA for one tentorial hemangioblastomas with lateral extension. We preferentially used the OTA for
tentorial and quadrigeminal hemangioblastomas, because of the excellent, panoramic exposure of the
entire tumor-pial border on the superior cerebellar surface, early management of the SCA, and direct
visualization of the draining veins into the straight sinus or galenic system throughout surgery. Injury of
venous drainage system is important to avoid during incision of the tentorium. In this study, the cerebellar
hemispheric veins drained directly into the straight sinus, and no lesions had direct drainage into the
tentorial sinus, but the OTA may not be feasible in such cases. Risk of retraction injury of the occipital
lobe can be reduced by using gravity dependent and/or intermittent retraction. The SCITA was applied for
tumors with tentorial sinus drainage or lateral extension of more than 35 mm and contralateral extension
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of more than 17 mm from the midline, which is the limit of the OTA.[11] Petrosal hemangioblastoma was
found in 10.5% of cases in this study, but may also include the rarely reported so-called cerebellopontine
angle hemangioblastoma, so little information is available about the details of the venous drainage
system. We treated petrosal hemangioblastomas through retrosigmoid craniotomies with exposure of the
transverse-sigmoid junction to gain access to the petrosal surface and SPS, as previously reported.
[1,15,21,24] Tonsillar hemangioblastomas were found in 10.5% of cases in this study. Midline
suboccipital craniotomy including the posterior lip of the foramen magnum as well as the posterior arch
of C1 could provide wide exposure of the dissection plane and allow access to the deep drainage system
at the bottom of the tumor adjacent to the lateral recess of the fourth ventricle.

Clinical Outcome

This study showed that improvement or stable symptoms and condition relative to preoperative �ndings
were observed in 94.1% of patients and hydrocephalus was resolved in all cases. A previous study
demonstrated that stable or improved conditions were found immediately after 88% of tumor resections
and hydrocephalus resolved in 94% of patients after selective tumor resection.[8] One patient in our series
had poor outcome, who experienced intratumoral hemorrhage immediately after the preoperative liquid
embolization with NBCA. This procedure is useful and important for reduction of arterial blood supply
and intraoperative bleeding,[16,17,29,30] but formidable, severe embolic complications have been
reported due to the unique properties of the posterior fossa.[25] Surgery after preoperative liquid
embolization on the same day is safe and effective for solid cerebellar hemangioblastoma.[12] The
timing of surgery and optimal indication should be considered to prevent any complication due to tumor
swelling, intratumoral hemorrhage, or adjacent cerebellar infarction after preoperative embolization. No
major complications occurred related to the surgical procedures and no single approach had a
signi�cantly higher incidence of postoperative neurological de�cits. Therefore, no patient had
experienced recurrence of the resected lesions at the last follow-up visit. Our classi�cation based on the
venous drainage system might be bene�cial and helpful to select the optimal surgical approach for
cerebellar hemangioblastomas, especially larger tumor with extensive perifocal edema.

Limitation
Potential limitations of this study include the relatively small number of patients who were not randomly
assigned prospectively to each study group.

Conclusions
Surgical removal of cerebellar hemangioblastomas remains extremely challenging due to their
characteristics. Careful consideration of the optimal surgical approach is quite important for en-bloc
gross total resection with sparing of the surrounding neurovascular structures. Division of the cerebellar
surface into �ve different regions based on the venous drainage system will help the surgeon to select the
ideal surgical approach and guide surgical decision making for cerebellar hemangioblastomas.
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Tables
Table 1. Demographics of 17 patients with cerebellar hemangioblastomas

Characteristic Value

Age, mean ± SD (range), yrs 53.6 ± 20.8 (23-86)

Sex  

Male 10

Female 7

Diagnosis  

VHL 9

Sporadic 8

Initial symptom  

Cerebellar ataxia 10

Headache 5

Facial numbness 1

Disturbance of consciousness 1

Asymptomatic 3

SD = standard deviation.

 

Table 2. Characteristics of 19 cerebellar hemangioblastomas
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Characteristics Value

Morphologic types, n (%)  

Solid 9 (47.4)

Peritumoral cyst 8 (42.1)

Intratumoral cyst 2 (10.5)

Size  

Maximum diameter, mean ± SD, mm 33.7 ± 12.9

Large ≥25 mm, n (%) 15 (78.9)

Small <25 mm, n (%)  4 (21.1)

Lesion, n (%)  

Solitary 11 (57.9)

Multiple  8 (42.1)

Hydrocephalus, n (%)  

Yes 13 (68.4)

No  6 (31.6)

Peritumoral edema, n (%)  

Extensive 12 (63.2)

Local  6 (31.6)

No 1 (5.3)

Preoperative embolization, n (%)  

Yes  8 (42.1)

No 11 (57.9)

Mean follow-up, mean ± SD, months 38.1 ± 22.5

 

 

Table 3. Characteristics of �ve subtypes of cerebellar hemangioblastomas
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 Suboccipital Tentorial Petrosal Quadrigeminal Tonsillar

No. of lesions, n
(%)

9 (47.4) 4 (21.1) 2 (10.5) 2 (10.5) 2 (10.5)

Morphology, n
(%)

         

Solid 3 (36.4) 3 (75) 1 (50) 1 (50) 1 (50)

Peritumoral cyst 5 (54.5) 1 (25) 1 (50) 0 1 (50)

Intratumoral
cyst

1 (9) 0 0 1 (50) 0

Mean maximum
diameter, mm

33.1 32 38 39.5 30.5

Surgical
approach

Standard
suboccipital

OTA (n=3), Retrosigmoid OTA Midline
suboccipital
C-1
laminectomySCITA (n=1)

Draining veins IVV, IHV SHV PV SVV, PrCV RTV, STV

Venous system TS, Torc SS SPS GS Torc,
JB/SPS

Extent of
resection, n (%)

         

Gross total 8 (98.9) 4 (100) 2 (100) 2 (100) 2 (100)

Subtotal 1 (11.1) 0 0 0 0

Surgical
complication

         

Transient None Hemianopsia
(n=3)

None Trochlear
nerve palsy
(n=1)

None

Persistent None None None Hemianopsia
(n=1)

None

IVR-related
complication

None None IH (n=1) None None

Clinical
outcome, n (%)

         

Improved or
same

9 (100) 4 (100) 1 (50) 2 (100) 2 (100)

Worsened 0 0 1 (50) 0 0
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GS = galenic system; IVV = inferior vermian venin; IHV = inferior hemispheric vein; JB=Jugular bulb, PV =
petrosal vein; SHV = superior hemispheric vein; SPS = superior petrosal sinus; SS = straight sinus; TS =
tentorial sinus; SVV = superior vermian vein; IVR = interventional radiology; IH = intratumoral hemorrhage;
RTV= retrotonsillar vein; STV=Supratonsillar vein

 

Figures

Figure 1

Artist’s illustration depicting the cerebellar hemangioblastoma classi�cation based on the venous
drainage system. Suboccipital hemangioblastoma (a) is located on the suboccipital surface and drained
by the inferior vermian veins (IVV), inferior hemispheric veins (IHV), or both, which empty into the
transverse sinus (TS) or torcular (Torc). Tentorial hemangioblastoma (b) faces the tentorial surface along
the supracerebellar-infratentorial plane, and is drained through the superior hemispheric veins (SHV)
passing into the straight sinus (SS). Petrosal hemangioblastoma (c) faces the corner of the petrosal
surface and tentorium, and drained by the petrosal vein (PV) emptying into the superior petrosal sinus
(SPS). Quadrigeminal hemangioblastoma (d) is located on the anteromedial cerebellar surface facing the
quadrigeminal cistern, and drained by the superior vermian vein or precentral cerebellar vein (PrCV)
passing into the vein of Galen (VG). Tonsillar hemangioblastoma (e) is located on the tonsillar surface
and drained through the retrotonsillar vein (RTV) joining to the IVV, emptying into torcular, and through the
supratonsillar vein (STV) anastomosing with the vein of the inferior cerebellar peduncle (VICP) into the
jugular bulb (JB) or SPS.
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Figure 2

Axial (a) and sagittal (b) T1-weighted gadolinium-enhanced magnetic resonance images showing a large
suboccipital hemangioblastoma. Digital subtraction angiograms (c, d) demonstrating drainage into the
torcular and transverse sinus through the inferior vermian vein and inferior hemispheric vein (arrow)
(arrowhead), respectively.
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Figure 3

Axial (a) and sagittal (b) T1-weighted gadolinium-enhanced magnetic resonance images showing a
tentorial hemangioblastoma. Digital subtraction angiograms (c, d) demonstrating drainage into the
superior hemispheric vein (arrow) emptying into the straight sinus.
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Figure 4

Axial (a) and coronal (b) T1-weighted gadolinium-enhanced magnetic resonance images showing a
petrosal hemangioblastoma. Digital subtraction angiograms (c, d) demonstrating drainage into the
superior sagittal sinus through the petrosal vein (arrow).
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Figure 5

Axial (a) and sagittal (b) T1-weighted gadolinium-enhanced magnetic resonance images showing a
quadrigeminal hemangioblastoma with intratumoral cyst. Digital subtraction angiograms (c, d)
demonstrating drainage into the precentral cerebellar vein (arrow) emptying into the vein of Galen.
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Figure 6

Axial (a) and sagittal (b) T1-weighted gadolinium-enhanced magnetic resonance images showing a large
tonsillar hemangioblastoma. Digital subtraction angiograms (c, d) demonstrating drainage into the
torcular and jugular bulb through the inferior vermian vein (arrow) and vein of the inferior cerebellar
peduncle (arrowhead), respectively.


