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Surgical treatment of hemangioblastomas
of the central nervous system in pediatric
patients

Abstract Objective: Hemangioblas-
tomas are histologically benign le-
sions that occur sporadically or as a
manifestation of von Hippel–Lindau
disease (VHL). The treatment strategy
of these neoplasms is complicated by
their unpredictable growth patterns
and the often irreversible neurological
deficits they may cause. This study
aims to outline the neurosurgical
treatment options and to address the
ongoing debate of surgical timing in
pediatric patients with VHL. Patients
and methods: Thirteen consecutive
pediatric patients (mean age
15.1 years) who were surgically
treated for intracranial (n=8) or spinal
hemangioblastomas (n=5) were in-
cluded in this study (range of clinical
follow up 12–86 months). Ten pa-
tients were affected by von Hippel–
Lindau and three were with sporadic
tumors. Serial examinations, preoper-
ative MRI studies, and operative
findings were reviewed. Results:
Patients with cerebellar and intra-
medullary hemangioblastomas did not

develop additional neurological defi-
cits postoperatively. Two patients
with brainstem tumors exhibited
transient hemiparesis and caudal
nerve palsy, respectively. Both pa-
tients recovered completely from their
postoperative deficits. Preoperatively
symptomatic patients with spinal tu-
mors did not deteriorate nor improve
after surgery. During the observed
follow-up periods, no tumor recur-
rences were observed. Conclusion:
Central nervous system (CNS) hem-
angioblastomas in pediatric patients
can be surgically treated with low
morbidity. Based on our experience,
we recommend considering also the
surgical removal of asymptomatic
hemangioblastomas with proven ra-
diological progression to prevent the
development of permanent neurolog-
ical deficits. Molecular screening of
every pediatric patient and family is
mandatory to enable the detection of
extraneurological tumors and the de-
velopment of an efficient therapeutic
strategy.

Introduction

Hemangioblastomas are highly vascular benign lesions that
represent 3% of all central nervous system (CNS) tumors
[2, 5, 11]. They occur as sporadic lesions or, in 50% of the
cases, as component of von Hippel–Lindau disease (VHL),
an autosomal dominant condition that results from germ-
line mutations on chromosome 3 and predisposes individ-

uals to the development of a variety of malignant and
benign neoplasms [7]. Other disease manifestations include
renal cysts and renal carcinoma, pancreatic cysts, neuro-
endocrine tumors, cystadenomas of the reproductive
adnexal organs as well as hemangioblastomas of the
cerebellum, spinal cord, brain stem, peripheral nerves and
retina [8]. Despite the benign nature of CNS hemangio-
blastomas, it has been well documented that these tumors
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may cause significant irreversible neurological damage [9,
12, 15]. Recent advances in imaging and microsurgical
techniques have clearly improved the overall hemangio-
blastoma-associated morbidity [13, 15, 16]. Several studies
in the current literature outline treatment options in adult
patients with CNS hemangioblastomas [8, 9, 13, 15, 16].
Nevertheless, there is still an ongoing debate concerning
the treatment modality and timing of surgical intervention
in such lesions [1, 3, 6].

Overall, sporadic hemangioblastomas as well as VHL
disease among patients under the age of 18 are extremely
rare with an incidence of less than 1 per 1,000,000 [4, 14].
The average age at presentation is about 33 years in the
VHL-related and 43 years in the sporadic cases [10].
Therefore, the occurrence of multiple hemangioblastomas
at young age is highly suggestive of VHL.

There has been no comprehensive review of the surgical
management of CNS hemangioblastomas in children and
adolescents. To investigate the surgical outcome and to
define surgical indications, we reviewed a series of 13
adolescent patients who underwent surgical resection of
CNS hemangioblastomas and outline our treatment
strategy in such complicated cases.

Patients and methods

Patient population

Between January 1988 and January 2003, a total of 141
patients with von Hippel–Lindau disease underwent

microsurgical removal of CNS hemangioblastomas at the
Neurosurgical Department of the University of Freiburg.
We retrospectively analyzed clinical and radiological data
for all patients under the age of 16 years. Table 1
summarizes the clinical data.

Neurological evaluation and surgical technique

Preoperative neurological status and postoperative out-
come were assessed according to data obtained from
medical charts and telephone interviews with the patients.

For cerebellar tumors and lesions of the craniocervical
junction, a suboccipital osteoplastic craniotomy was
performed. Intramedullary hemangioblastomas were ap-
proached via laminotomy or hemilaminectomy. The over-
lying arachnoidea was removed and the tumors were
dissected circumferentially from the nervous tissue.
Meticulous coagulation at low power and cutting of
feeding vessels was essential for the bloodless en bloc
removal of the tumor. The associated pseudocysts were
automatically opened during tumor removal. Perioperative
monitoring including somatosensory-evoked potentials,
motor-evoked potentials, and cranial nerve monitoring
was performed when necessary.

Results

Thirteen patients (seven male and six female, age range 9–
16, mean age 15.1 years) were operated on CNS

Table 1 Clinical data of patients

Patients Location Age at
operation

VHL disease Preoperative symptoms Outcome

G.A. Cerebellum 9 DNA not tested Ataxia No deficit
I.D. TH 3 11 Positive (DNA: insertion) Paraparesis No additional

deficit
R.K Brainstem 13 DNA not tested Headache, vomiting Temporary

hemiparesis
N.S. TH 7–9 14 Positive (676+2, splice

mutation)
Paraparesis No additional

deficit
P.S. C5 14 Positive (10-kb deletion) Radicular pain No deficit
R.S C3–5 14 Positive (437–439 deletion) Radicular pain No additional

deficit
G.B. TH12 15 Positive (703 C/T) Asymptomatic No deficit
M.K. Cerebellum 15 Negative (DNA: no mutation) Ataxia No deficit
P. G. Cerebellum 15 Positive (694 C/G) Ataxia, GD No deficit
R.D Cerebellum 15 Positive (437 in A) Ataxia, GD No deficit
K.W Brainstem 16 Negative (DNA: no mutation) Asymptomatic Temporary IX, X

paresis and
tracheostomy

M.R Cerebellum 16 Positive (443+3 insertion) Ataxia, hydrocephalus No deficit
R.A. Cerebellum 16 Negative (DNA: no mutation) Ataxia, hydrocephalus No deficit
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hemangioblastomas. Follow-up periods ranged from 12 to
86 months (mean 24.6 months).

Three patients had sporadic tumors; the other ten were
affected with VHL. Genetic screening for mutations or
deletions of the VHL tumor suppressor gene was
performed on eight of the ten VHL patients and all three
sporadic patients. The eight VHL patients revealed
different mutations and deletions, whereas no mutations
were identified in the patients with sporadic tumors
(Table 1).

Six patients were treated for cerebellar lesions, five
patients were operated on intramedullary tumors, and,
finally, in two cases brainstem hemangioblastomas were
microsurgically resected. In 11 cases, patients presented
with neurological symptoms that were attributed to tumor
localization and extent. However, one patient with an
intramedullary lesion and one child with a brainstem tumor
were asymptomatic and were operated on due to
radiologically validated tumor size progression.

Initial symptoms depending on tumor localization
included pain (n=2), cerebellar deficits (n=7), motor
disturbances (n=3), and hydrocephalus (n=2). All patients
with cerebellar and intramedullary tumors did not exhibit
any additional neurological symptoms after surgery. The
two patients with brainstem hemangioblastomas in the
craniocervical junction developed temporary hemiparesis
and caudal cranial nerve palsy, respectively. Both patients
recovered completely from their postoperative deficits.
During the reported follow-up periods, there was no tumor
recurrence in loco in any of the patients.

Case illustration

A 14-year-old male patient with genetically validated VHL
disease presented to our clinic with severe myeloradicu-
lopathy corresponding to the C4–C5 and C6 roots on the
right side. Clinical examination revealed motor deficits ofFig. 1 a, c Pre-operative sagittal MRI contrast-enhanced images

demonstrating multiple cervical hemangioblastomas. b, d Corre-
sponding postoperative images after laminotomy C3–C5. 70×143 mm
(200×200 DPI)

Fig. 2 a Preoperative axial
MRI image of the hemangio-
blastoma on the C3/4 level.
b Corresponding postoperative
image. 135×59 mm
(200×200 DPI)
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all muscle groups of the right arm (four out of five). Deep
tendon reflexes were symmetrically increased and the gait
was slightly ataxic. MRI images of the spine showed
multiple hemangioblastomas throughout the cervical spinal
cord (Figs. 1 and 2). The patient underwent laminotomy
C3–C5 and removal of the clinically relevant tumors.
Postoperative course was uneventful. Radicular pain
subsided and the gait disturbance was unchanged. During
the following 12 months, there was no tumor recurrence.
The size of the untreated hemangioblastomas remains
stable.

Discussion

The therapy for hemangioblastomas in adult patients is
standardized and poses usually no major difficulties with
the use of modern microneurosurgery [8, 15]. However, in
the context of VHL disease, even children and adolescents
can develop these tumors. There is so far no knowledge
about the adequate management of these patients. This
uncertainty results from the lack of studies clarifying the
surgical indications and outcome of this subset of patients.
Furthermore, due to the unpredictable growth pattern of
hemangioblastomas, the development of an efficient ther-
apeutic strategy is absolutely essential to avoid the inherent
neurological deficits that they may cause. Currently no
definite guidelines concerning the surgical treatment of
CNS hemangioblastomas in the pediatric and adolescent
age group exist. The percentage of VHL patients with
hemangioblastoma-associated morbidity decreases after
the fourth decade of life. In addition, the presence of one
or more hemangioblastomas in the pediatric age group is
highly suggestive for VHL disease. In our series, 10 out of
13 patients had a germline VHL mutation. Positive genetic
testing has significant consequences for further treatment
planning. We recommend that every patient, especially in
the pediatric age, with CNS hemangioblastoma should be
screened for germline mutations of the VHL gene. Patients
with positive genetic findings should undergo a general
screening program, including contrast-enhanced MRI
studies of the cranium and spine, CT or MRI evaluations
of the abdomen, ophthalmological examination, urine
analyses for determination of catecholamine excretion,
and urological examinations. These examination series
should be repeated on an annual basis to detect tumor
progression.

In general, symptom production in hemangioblastomas
is a product of lesion size and location [17]. In most of the
cases, symptoms are related to pseudocysts associated with
the tumor. The exact pathogenesis of the tumor-associated
pseudocysts is not known. It has been hypothesized that

transudation of fluid from the tumor capillaries and tubular
dissection along the gray matter near the central canal are
the main pathophysiological mechanisms [15]. It should be
noted that the pseudocyst may be entered during micro-
surgical tumor resection, but additional removal of the cyst
wall is not necessary. Nevertheless, complete removal of
the solid tumor parts is mandatory to avoid tumor
recurrence.

Children and adolescents with VHL syndrome may
present with multiple tumors affecting all parts of the CNS,
but mainly cerebellum, brainstem and spinal cord. It is
often impossible to cure these patients from all their
lesions. Nevertheless, the development of a treatment
strategy is essential to minimize neurological damage.
Staged procedures are quite common for patients with
multiple tumors. Furthermore, a considerable number of
tumors remain stable for several years or may even never
show signs of progression. Thus, we recommend surgery
only in cases with symptomatic lesions or tumors with
validated progression. Care should be taken in patients
with multiple laminotomies due to the development of
spinal instability or cord tethering.

It is generally accepted that postoperative outcomes
especially for intramedullary and brain stem tumors highly
depend on the preoperative neurological status [9, 15, 16].
Thus, from our point of view, validated radiological tumor
growth even in patients without complaints justifies
neurosurgical intervention. Despite the extremely low
morbidity, as demonstrated in the present study, it is
mandatory to obtain a detailed informed consent especially
in asymptomatic cases. Patients should understand that a
conservative treatment strategy especially in the case of
tumors with validated radiological growth may lead to
irreversible deficits and that surgical treatment represents
an effective and safe treatment when performed by an
experienced surgeon.

Conclusion

Our results demonstrate that CNS hemangioblastomas can
be removed with very low surgical morbidity, depending
on tumor location, when surgery is performed before
significant disability occurs. Surgical timing especially in
VHL patients with multiple tumors remains a matter of
debate. We recommend surgical removal of symptomatic
and asymptomatic tumors with validated radiological size
progression. Children with both positive or negative
family history and positive genetic testing for a VHL
germline mutation should undergo an extensive medical,
radiological, ophthalmological, neurological and urologi-
cal screening.
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