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Abstract
Background Hemangioblastomas (HGBs) are highly vascular benign tumors, commonly located in the posterior fossa, and 80%
of them are sporadic. Patients usually present with features of raised intracranial pressure and cerebellar symptoms. HGB can be
classified as either mostly cystic or solids. Although the solid component is highly vascularized, aneurysm or hemorrhagic
presentation is rarely described, having catastrophic results.
Methods We identified 32 consecutive patients with posterior fossa HBGwho underwent surgery from 2008 through 2020 at our
medical center. Tumors were classified as predominantly cystic or solid according to radiological features. Resection was defined
as gross total (GTR) or subtotal (STR).
Results During the study period, 32 posterior fossa HGBs were resected. There were 26 cerebellar lesions and 4medullar lesions,
and in 2 patients, both structures were affected. Predominant cystic tumors were seen in 15 patients and solids in 17. Preoperative
digital subtraction angiography (DSA) was performed in 8 patients with solid tumors, and 4 showed tumor-related aneurysms.
Embolization of the tumors was performed in 6 patients, including the four tumor-related aneurysms. GTR was achieved in 29
tumors (91%), and subtotal resection in 3 (9%). Three patients had postoperative lower cranial nerve palsy. Functional status was
stable in 5 patients (16%), improved in 24 (75%), and 3 patients (9%) deteriorated. One patient died 2 months after the surgery.
Two tumors recurred and underwent a second surgery achieving GTR. The mean follow-up was 42.7 months (SD ± 51.0
months).
Conclusions Predominant cystic HGB is usually easily treated as the surgery is straightforward. Those with a solid predominance
present a more complex challenge sharing features similar to arteriovenous malformations. Given the important vascular asso-
ciation of solid predominance HGB with these added risk factors, the preoperative assessment should include DSA, as in
arteriovenous malformations, and endovascular intervention should be considered before surgery.
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Introduction

Hemangioblastomas (HGBs) are uncommon benign WHO
I lesion, representing 1.5–2.5% of all intracranial tumors.
The most common location for HGBs is the posterior
fossa, representing 7–8% of all the tumors in the region
[11, 12]. Twenty percent of cases are associated with Von
Hippel Lindau disease (VHLD) [7, 9, 23]. The peak inci-
dence is in the fifth and sixth decades of life [23]. They
may become large and may have either a prominent cystic
or solid component. Consequently, the common clinical
presentation is related to increased intracranial pressure in
more than half of cases with cerebellar signs in one-third
of the patients [9].
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HGBs are, by nature, highly vascularized tumors.
Cerebrovascular insults and aneurysms are unusually associ-
ated with posterior fossa HGBs [5, 8, 16, 17, 21, 25, 26, 29,
30], but, although uncommon, subarachnoid or intratumoral
hemorrhage resulting from the tumor’s high vascularity could
be potentially life-threatening [5, 8, 25, 29]. In the literature,
we found 9 cases of aneurysms associated with HGBs, where
only 3 had acute bleeding [5, 8, 16, 17, 21, 25, 26, 29, 30]
(Table 1).

Angiography and angioarchitecture definition studies be-
fore surgery are not always included in the preoperative eval-
uation process unless it is the surgeon’s preference. In general,
HGB workup is similar to an intracranial tumor. Surgical re-
section is the preferred management strategy due to the com-
bination of posterior fossa location, large volume, and high
vascularization. Tumor embolization prior resection has also
not been established as a standard practice [1, 29].

The authors present their experience in the surgical man-
agement of 32 posterior fossae HGBs. We give special atten-
tion to the anatomical tumor features particularly related to
tumor vascularity, cerebrovascular presentation, and preoper-
ative endovascular angioarchitecture.

Methods

We identified consecutive patients with posterior fossa HBG
who underwent surgery from 2008 through 2020 at our med-
ical center. Data from the retrospective review of records was
supplemented by the surgeon’s notes recorded before and im-
mediately after the surgery. Patients with HBGs in other loca-
tions, those whose tumors were not resected, and those with
other tumors involving the posterior fossa were excluded from
this study.

Data summarizing patients’ medical histories, clinical and
neurological signs and symptoms, findings on radiological
studies and digital subtraction angiography (DSA),
neuroendovascular therapy and cerebrospinal fluid (CSF) di-
version when relevant, details of the surgical procedure,

pathology reports, complications, morbidity and mortality,
adjuvant radiotherapy, and clinical and radiological long-
term follow-up to identify tumor progression or recurrence
were recorded. Our Institutional Review Board formally
waived the requirement for informed consent for this retro-
spective review.

Preoperative magnetic resonance imaging (MRI) was per-
formed in all patients. For this study, MRI studies were
reviewed, the presence of hydrocephalus was recorded, and
tumors were classified into two subtypes according to radio-
logical features:

& Predominantly cystic, including cystic nodular in cases
where intraparenchymal cyst appeared as a mural enhanc-
ing nodule and the cyst is more than 50% of total tumor
volume (Fig. 1a).

& Predominantly solid, including solid cystic, in cases where
there was a predominance of a solid tumor being more
than 50% of total tumor volume (Fig. 1b) and solid when
no cystic areas were seen in the tumor mass (Fig. 1c).

Preoperative DSA was performed when the surgeon con-
sidered it was relevant for surgical planning. When emboliza-
tion was performed, the technique was selected by the
neuroendovascular surgeon. Based on peri- and intratumoral
angioarchitecture, embolization of intratumoral regions, aneu-
rysms, and feeder arteries was performed when indicated and
feasible.

CSF diversion was performed before, during, or after sur-
gery when necessary.

Resection was defined as gross total (GTR) when no resid-
ual tumor was evident on postoperative MRI, subtotal (STR)
when less than 5% of tumor residual remained on the postop-
erative MRI, or partial tumor resection (PTR) when more than
5% of tumor residual was left. Initial tumor volume and resid-
ual tumor volume were measured using the simple formula V
= A*B*C/2, as an accepted alternative for tumor volume mea-
surement for routine clinical use [24].

Fig. 1 Preoperative axial T1-
weighted gadolinium/enhanced
magnetic resonance imaging
(MRI) showing patients with a
predominant cystic, b solid
predominance, and c purely solid
hemangioblastomas
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Tumor pathology was reported according to WHO classi-
fication. The tumor was not subclassified as either cellular or
reticular type.

MRI scans were performed 3 months postoperation to de-
termine the extent of resection and residual tumor and at
follow-up 6 months, 12 months, and annually thereafter.
Clinical follow-up was scheduled at the same intervals.
Tumor progression was defined as if a new enhancing tumor
is evidenced on follow-up MRI, or in case of STR or PTR if
the residual tumor growth.

All continuous parameters are reported as mean and stan-
dard deviation. Non-continuous parameters are reported as
median and interquartile range. The analysis was performed
using GraphPad Prism version 7.0a.

Results

Overall, 27 patients met the inclusion criteria for the study.
There were 13 women (48%) and 14 men (52%), with a mean
age of 45 years (SD ± 15 years). These patients underwent a
total of 30 operations for the resection of 32 tumors. A single
tumor was detected in 23 patients, while 4 patients had mul-
tiple lesions. Surgery was performed following a primary di-
agnosis in 20 patients (74%), and in seven, this surgery
followed a previous resection performed elsewhere or at our
medical center before the study period. Ten operations (33%)
were performed due to tumor recurrence or regrowth. There
were 26 cerebellar lesions, 4 medulla lesions, and 2 cases
where both structures were affected. Patient characteristics
are summarized in Table 2.

Four patients (15%) had VHLD. Headache was the most
common complaint in 24 (80%) patients. Cerebellar signs
were the most common physical findings, being present in
21 (70%) patients. Hydrocephalus was detected at presenta-
tion in 17 (57%) patients, and one (3%) presented with acute
subarachnoid hemorrhage (SAH)/intraparenchymal cerebellar
hemorrhage (ICH) (Fig. 2a, b). The details of the patient pre-
sentation are summarized in Table 3.

Table 2 Characteristics in 32 posterior fossa hemangioblastoma
surgically treated

Variable No (%)

Age (years) 45 ± 15

Gender

Male 14/27 (52%)

Female 13/27 (48%)

Months of symptoms prior surgery 10 ± 14

Preoperative KFS

100 25/30

80 1/30

70 1/30

60 3/30

Von Hippel syndrome 4/27 (15%)

De novo diagnosis 21/32 (66%)

Tumor recurrence/regrowth 11/32 (34%)

Subarachnoid/intraparenchymal hemorrhage 1/30 (3%)

Hydrocephalus 17/30 (57%)

Tumor location1

Left side 12/32 (38%)

Midline 10/32 (31%)

Right side 10/32 (31%)

Volume (cc) 16.7 ± 12.2

Tumor type1

Predominantly cystic2 15 (47%)

Predominantly solid3,4 17 (53%)

Preoperative management

Diagnostic DSA 8 (27%)

Endovascular embolization 6 (20%)

VP Shunt 2 (7%)

Ventriculostomy 2 (7%)

Approaches

Suboccipital midline 17/30 (57%)

Suboccipital paramidline 7/30 (23%)

Suboccipital retrosigmoid 6/30 (20%)

Extent of resection

Gross total resection 29/32 (91%)

Subtotal resection 3/32 (9%)

Days of hospitalization 12.8 ± 11

Months of follow-up 38 ± 50

1 Four patients presented with multiple tumors; there were a total of 32
tumors in 27 patients
2 Includes cystic nodular in cases where intraparenchymal cyst appeared
as a mural enhancing nodule
3 Includes solid cystic in cases where there was a predominance of solid
tumor with small associated cysts
4 Solid tumor with no cystic areas seen in the tumor mass

DSA, digital subtraction angiography; KFS, Karnofsky score; SAH, sub-
arachnoid hemorrhage

Table 3 Symptoms at
presentation Symptom No. patients

Headache 24/30 (80%)

Ataxia 18/30 (60%)

Dizziness 14/30 (47%)

Vomits 10/30 (33%)

Visual deficit 5/30 (17%)

Diplopia 1/30 (3%)

Cognitive impairment 1/30 (3%)

Paresthesia 1/30 (3%)
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Diagnostic DSAwas performed in 8 patients (27%). In four
patients (13%), tumor-related aneurysms were identified, all
of them in the predominant solid group 4/17 (24%). The find-
ings were one right superior cerebellar artery (SCA) aneurysm
(Fig. 3a, b), one right posterior inferior cerebellar artery
(PICA) aneurysm (Fig. 4), and two intratumoral aneurysms
(Fig. 5a, b). Embolization of the tumor was performed before
6 operations, using Onyx in 3 patients and N-butyl cyanoac-
rylate (NBCA) in 3. All four aneurysms found were
embolized preoperatively. In two cases, only a diagnostic
DSA was performed, without the need for embolization.
One of these patients had presented with subarachnoid
hemorrhage.

Ventriculoperitoneal (VP) shunts were placed in two pa-
tients before surgery, and two underwent preoperative
ventriculostomy. Following surgery, cystoperitoneal shunting

was indicated in one patient, and temporary ventriculostomy
(10 days duration) was performed in one case. No permanent
CSF diversion was required after surgery.

GTRwas achieved in 29 tumors (91%), and STR in 3 (9%).
The pathology of all tumors was WHO grade I HGB.
Adjuvant SRS was recommended to one patient, but he de-
clined the treatment. His tumor was stable at 18-month follow-
up. The mean hospitalization period was 12.8 days (SD ± 11
days).

All tumors were WHO I hemangioblastomas.
Three patients had lower cranial nerve palsies (10%). All

required permanent tracheostomy and percutaneous endo-
scopic gastrostomy (PEG). One patient (3%) had transient
diplopia due to IV CN weakness. Two (7%) patients devel-
oped pneumonia. Of the 30 surgeries at late follow-up, func-
tional status was stable in 5 (17%), improved in 24 (80%), and

Fig. 2 a Axial non-contrast head
computed tomography (CT)
showing a posterior fossa
subarachnoid/intraparenchymal
hemorrhage, being clinical
presentation of a right cerebellar
solid hemangioblastoma. b Axial
T1-weighted gadolinium/
enhanced magnetic resonance
imaging (MRI) showing the right
cerebellar solid
hemangioblastoma 2 weeks after
the previous bleeding

Fig. 3 Right vertebral artery
digital subtraction angiography
(DSA) showing a pre-
embolization image of a right
superior cerebellar artery (SCA)
feeder vessel aneurysm (red
arrow). b Postembolization
images showing the occluded
aneurysm and decreased in the
tumor vascular flush
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3 (10%) patients deteriorated their pre-op status, all of whom
had permanent lower cranial nerve palsies. One 50-year-old
patient who received anticoagulation due to pulmonary embo-
lism 3 days after surgery died following an intratumoral and
subarachnoid hemorrhage in the residual tumor 2 months lat-
er. Two (6%) tumors recurred, one 90 days after surgery and
one 5 years later.

Both patients underwent a second surgery with GTR. The
mean follow-up time was 42.7 months (SD ± 51.0 months).

Discussion

Our results suggest that solid and cystic HGBs need to be
considered as two separate entities. Those with a predominant
cystic component present a straightforward management ap-
proach due to a relatively small solid component, a cyst that
gave ready access to the tumor, and drainage of the cyst at the
commencement of the operation resulted in a relaxation of the
cerebellum. However, those with a predominantly solid com-
ponent are a much more complex neurosurgical challenge,
and in these, the cerebrovascular implications need to be care-
fully considered. This relates to the surgical challenge, which
can be similar to the treatment of an arteriovenous malforma-
tion in the posterior fossa, with the intimate relationships to
the brainstem and cranial nerves, and the possibility of an
associated cerebral aneurysm, either intratumoral or on feed-
ing vessels.

We recognize a high rate of aneurysm in our study com-
pared with previous reports, which may be related to a lower
threshold of DSA in our institution for pre-operative assess-
ment of solid HB. Some of these aneurysms are probably “flow
aneurysms” associated with the hyperdynamic local circulation
that could resolve spontaneously following resection of the
tumor. However, we suggest that given the crucial vascular
association of solid predominant HGB with these added surgi-
cal risk factors, consideration should be given to including pre-
operative DSA in the surgical assessment and, if considered,
appropriate endovascular intervention. Follow-up radiological
assessment should be undertaken in those patients whose an-
eurysms are not directly treated to confirm their resolution fol-
lowing surgery.

The hypervascular nature of solid HGB mirrors an AVMs,
with an angioarchitecture consisting of feeder arteries to a

Fig. 4 Preoperative lateral view digital subtraction angiography (DSA)
showing a right posterior inferior cerebellar artery (PICA) aneurysm (red
arrow)

Fig. 5 a, b Preoperative digital
subtraction angiographies (DSA)
showing two different patients
with intratumoral aneurysms (red
arrows)
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nidus that resembles the tumor and its draining veins as such
surgery involves obliteration of the feeding arteries and then
resection of the tumor on block, leaving obliteration of the
draining veins as the last step, as in AVM surgery.

AVMs have a reported incidence of intracranial hemor-
rhage of 41% to 79%. AVM-associated aneurysms are found
in 10.9% to 30.7% of patients, reaching approximately 80% in
those presented with bleeding [13, 15, 18]. Moreover, when
the AVM is located infratentorial, pedicle aneurysms on feed-
ing vessels occur more frequently and have a higher bleeding
rate [20, 27]. By contrast, hemorrhage presentation is low in
patients with HGB, with an incidence of only 0.024% per
person per year [4]. SAH at presentation is seen in only 1%
of cases [10, 29], and intraparenchymal hemorrhage is even
less common [5]. In our series, there was one patient with
SAH and intraparenchymal hemorrhage. Only nine reported
aneurysms were associated with HGBs; three aneurysms bled,
and six were found incidentally during angiographic imaging
performed for other indications (Table 1) [5, 8, 16, 17, 21, 25,
26, 29, 30]. Connie et al. reported a case showing an
intratumoral HGB aneurysm causing SAH, followed by se-
vere vasospasm [8]. Another 2 patients had acute bleeding,
one of them suffered an ICH caused by a feeder-related aneu-
rysm [5], and a 36-year-old woman bled from an HGB flow-
related distal PICA aneurysm [25]. Four patients had aneu-
rysms in our series, two were in feeder vessels, an SCA and a
PICA, and two were intratumoral. All of them were found
during DSA and treated by an endovascular procedure before
surgery.

The pathogenesis of coexisting AVMs and aneurysms
could be relevant to understand the relation between HGBs
and aneurysms better. In the case of AVM, it appears to be
related to increased flow velocity in the feeding artery due to
loss of capillary bed resistance, a vessel wall defect, or a sim-
ple coincidence [2, 3, 14]. Altered vascular hemodynamics
may cause developmental anomalies, leading to enhanced ac-
tivity of hypoxia-inducible factor (HIF). Upregulation of
VEGF has also been hypothesized as an etiology for the de-
velopment of HGB-related aneurysms [5, 6, 8, 19, 21, 22, 28].

Knowing the angioarchitecture of the tumor and the feed-
ing vessels is crucial for patient treatment. In two of our cases,
aneurysms were on the feeding arteries (Figs. 2 and 3) that
were not in the surgical field. Preoperative embolization of the
tumor is not mandatory, and it is noted that some studies have
found no decrease in intraoperative complications and even
worse postoperative outcomes [29]. However, preoperative
obliteration of aneurysms associated with HGB is considered
highly advisable. Because our sample is small, and there was
no comparison group, the significance of the tumor’s emboli-
zation was not calculated. However, we felt that a successful
embolization improved surgical conditions significantly.

HGBs are generally classified into four groups according to
their radiological features: cystic, cystic nodular, solid cystic,

and solid (Fig. 1a–c). We suggest that they could be divided
into two different entities, one group with predominantly cys-
tic content and a second group that is predominantly solid.
There were 15 tumors with a predominant cystic component
in our series, and all of these patients had a benign course after
GTR. There were no permanent deficits and no tumor recur-
rence. However, there were two acute bleeding cases among
patients with the 17 predominantly solid tumors, and preoper-
ative images demonstrated a tumor-related aneurysm in
23.5% of the patients. Moreover, patients with predominantly
solid tumors had a higher rate of permanent deficits related to
low cranial nerve injury. One patient who anticoagulated due
to PE died 2 months after surgery due to subarachnoid and
intratumoral hemorrhage in the residual tumor. In our experi-
ence, posterior fossa HGB could not be considered as one
entity since the predominance of cystic or solid components
will be a key feature defining surgical complexity and
outcome.

Conclusions

HGBs that are predominantly solid may have complex vascular
associations.We recognize that the high incidence of aneurysms
in our study could be due to a low threshold of pre-operative
DSA in our institution. Besides, at least some of the aneurysms
identified may be “flow aneurysms” that could resolve after
resection of the predominant solid component. Nevertheless,
we consider that in patients with predominantly solid tumors,
consideration should be given to perform a pre-operative DSA.
Appropriate endovascular obliteration of the aneurysm could be
undertaken before tumor resection. If the aneurysms are not
treated, then a follow-up radiological assessment of the aneu-
rysms is essential.
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