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Abstract

Background: Hemangioblastomas are associated with Von Hippel-Lindau
disease (VHLD) in 10-40% of cases. Based upon a literature review we state the
core features the neurosurgeon should be aware of.

Methods: We performed a selective literature (Cochrane and Medline) search
for hemangioblastoma, both sporadic and VHL associated. We reviewed general
characteristics (epidemiology, symptomatology, diagnosis, and management)
and focused on follow-up as well as screening modalities for sporadic and VHL
associated lesions.

Results: Based upon our literature search, we established guidelines for screening
and follow-up in both sporadic and VHL associated hemangioblastoma patients.

Conclusions: Screening for retinal angiomas, abdominal masses, and
pheochromocytomas as well as genetic analysis is recommended for every patient
with a newly diagnosed hemangioblastoma. Follow-up is by magnetic resonance

imaging (MRI) of the clinical neuronal region at 6 and at 12-24 months postoperatively. Access this article
For VHL-associated hemangioblastomas yearly investigation for craniospinal online
hemangioblastoma by MRI and yearly screening and follow-up for retinal angiomas is Website:
recommended. Annual abdominal ultrasound with triennial computed tomography (CT) VI;“C’::-S“'gica'“e“m")gyim-com

imaging for abdominal masses is postulated. Annual audiometry is to be performed
for possible endolymphatic sac tumor, detailed radiographic imaging of the skull
base should be performed upon abnormality in auditory testing. Investigations for
cystadenomas of the epidydimis and broad ligament only are mandatory on indication.
Annual investigation for pheochromocytoma is recommended.
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INTRODUCTION ophthalmologist Eugene von Iippel and the Swedish

pathologist Avrid Lindau.[6101214152025271 VHLD has an
Von Hippel-Lindau disease (VHLD) was first described ~ autosomal dominant transmission and an incidence of
at the beginning of the 20™ century by the German 1 in 36000 to 1 in 53000 newborns.[610121415:2025.27] Tg g
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caused by a mutation in the VIIL gene on chromosome
3p25-6 resulting in the loss of the pVHL tumor suppressor
protein function. The main function of the pVHL protein
is the negative regulation of VEGE This loss leads to
a myriad of tumors: Central nervous system (CNS)
hemangioblastomas, retinal angiomas, renal cysts and
clear cell carcinomas, pheochromocytomas, pancreatic
tumors, epidydimis cysts, cystadenomas of the broad

ligament and endolymphatic sac tumors of the middle
ear 16,10,12,141520,25.27)

Hemangioblastomas are highly vascular tumors of the
CNS with a preponderance for the posterior fossa. Despite
their frequent sporadic appearance, hemangioblastomas
can be the first presentation of VIILD. Early diagnosis of
VIILD is crucial for adequate screening and follow-up for
the other manifestations of this condition and for genetic
counseling,[611527]

MATERIALS AND METHODS

We performed a selective literature (Cochrane and
Medline) search for hemangioblastoma, both sporadic
and VHL associated. We review general characteristics
(epidemiology,  symptomatology,  diagnosis,  and
management) and focused on follow-up as well as
screening modalities for sporadic and VHL associated
lesions.

DISCUSSION

General comments

Hemangioblastomas are uncommon vascular tumors of
the CNS [Figure 1]. They account for less than 3% of all
CNS tumors and are generally benign, well-circumscribed
but highly vascular, neoplasms. They mostly occur in
infratentorial structures such as the cerebellum, the
brainstem, and the spinal cord. Approximately 5% of
all spinal cord tumors and 7.5% of all tumors arising
in the adult posterior fossa are accounted to be a
hemangioblastoma. !>

Symptomatology occurs by local compression of
neural structures and rarely because of bleeding or as a
parancoplastic complication.[®131527]

Diagnosis is suspected by gadolinium-enhanced magnetic
resonance imaging (MRI). The characteristic MRI
feature is a contrast enhancing nodule associated with
a peritumoral cyst located in the cerebellum [Figure 2]
or a homogeneously enhancing lesion on the surface
of or within the spinal cord with an associated syrinx
[Figure 3]. These lesions appear as a low signal on
T1-weighted images and as a high signal on T2-weighted
sequences.”77 These  features, however, are not
pathognomonic, so the definitive diagnosis is made on
histopathological examination. Microscopic investigation

http://www.surgicalneurologyint.com/content/4/1/145

Figure |: Perioperative image of a hemangioblastoma. Note the
high degree of vascularity

Figure 2: MR imaging of a cerebellar hemangioblastoma. Note
the characteristic contrast enhancing nodule associated with a
peritumoral cyst in the cerebellum.These lesions appear as a low
signal onT |-weighted images (a) and as a high signal onT2-weighted
sequences (b)

Figure 3: MR imaging of a spinal hemangioblastoma. Note the
homogeneously contrast enhancing lesion in the spinal cord with
the associated syrinx

shows an extensive vascular network with neoplastic
stromal cells [Figure 4]. The neoplastic stromal cells have
abundant cytoplasm with lipid vacuoles resulting in a
typical clear cell morphology. Nuclear hyperchromatism
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Figure 4: Histopathological examination of a hemangioblastoma.
Note the extensive vascular network with neoplastic stromal cells.

The neoplastic stromal cells have abundant cytoplasm with lipid
vacuoles resulting in a typical clear cell morphology”

and atypia, in contrast to absence of mitotic activity, are
a very typical pattern of hemangioblastomas.**>?’!

Hemangioblastomas do  not have a  gender
predisposition.” They can occur either sporadically or as

a component in VHLD.["*!

Approximately  75% of all hemangioblastomas are
sporadic. The average age at presentation of a sporadic
hemangioblastoma is in the fourth and fifth decade
of life. Sporadic hemangioblastomas are, in general,
solitary.»131427.291 - Surgical resection can offer definitive
therapy in these hemangioblastomas. A complete surgical
resection is usually feasible and the lesion normally does not
reoccur. When tumor localization is invading vital structures
and a tumor progression or neurological deficit is observed,
operative intervention should be considered. As such,
in 82-98% of cases, symptoms will improve or stabilize.
Stereotactic radiosurgery or conventional radiation therapy
can be considered in case of an inoperable lesion. 161823241

On the contrary, hemangioblastomas associated with
VHLD are generally diagnosed at a younger age, in
the second and third decade of life. They usually are
multiple and are the most common lesions associated
with VHLD affecting 60-84% of these patients. While a
complete surgical resection usually provides a definitive
cure in sporadic hemangioblastomas, VHL associated
hemangioblastomas tend to recur. Therefore therapeutic
measure should focus on careful timing of surgical
intervention(s). Surgical intervention should be reserved
for symptomatic lesions, lesions with a demonstrated
accelerated growth pattern or lesions that would
compromise important neurological structures in the
near future. Stereotactic gamma knife radiosurgery and
radiation therapy may play a role in avoiding multiple
neurosurgical interventions or in lesions that are not
accessible by surgery. 6142027291
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In VHLD, due to the underlying genetic mechanism, a
variety of other tumors occur: Retinal angiomas, renal
cysts and clear cell carcinomas, pheochromocytomas,
pancreatic tumors, epidydimis cysts, cystadenomas of the
broad ligament, and endolymphatic sac tumors of the
middle ear. Neurosurgeons must be aware of these and
be able to help counseling their patients.

Retinal angiomas are hemangioblastomas which develop
in the retina and the optic nerve. They are encountered
in up to 60% of VHLD patients who survive to the age
of 60 years and are often multifocal or bilateral. If left
untreated they can lead to loss of vision by hemorrhage,
subsequent retinal detachement and glaucoma. In order
to prevent these complications, retinal angiomas should
be systematically screened and treated upon detection.
Treatment is by laser photocoagulation and cryotherapy,
effective in 70% of cases. If this modality fails, radiation

therapy may be useful.[610.1420.21.26.28]

Renal lesions occur in approximately two-thirds of VHLD
patients. Mean age at onsct is 44 years and an estimating
09% of patients surviving to the age of 60 years will
develop renal cysts or renal clear cell carcinomas.?!! If
multiple lesions are present, a more frequent examination
is required. The therapeutic approach to renal
involvement in VHLD varies from careful subsequent
survelllance In renal cysts to kidney-sparing surgical
interventions such as partial nephrectomy or ablation
techniques for renal cell carcinoma. Resection is usually
reserved for tumors >3 cm in diameters. Tumors <3 cm
in diameter can be safely monitored because of their low

metastatic potential 01430

Pheochromocytomas — are  catecholamine  producing
tumors that arise from chromaffin cells of the adrenal
medulla and sympathetic ganglia. Diagnosis is suspected
when a patient presents with a classical pattern of
paroxysmal hypertension, headache, sweating, and
tachycardia. In literature it is estimated that, in sporadic
cases, the annual incidence of pheochromocytomas is
approximately 0.8 per 100000 person years. In a sporadic
population, the average age at diagnosis is 47 years. In
VHLD patients, however, pheochromocytomas tend to
be seen in younger patients and they are often multiple
or extraadrenal and less likely to be associated with
symptoms or biochemical evidence of catecholamine
production. Incidence in literature varies around 10%
for the VHLD patient population."®*! The importance
of the possibility of a pheochromocytoma lies in the
preoperative work-up of a VHLD patient as there is a
consequent risk of sympathetic overdrive and increased
perioperative morbidity.

Pancreatic lesions including cysts, serous cystadenomas
and neuroendocrine tumors are common in patients
with VIILD. Up to 70% of patients with VIILD have
associated pancreatic abnormalities according to the
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literature. Simple cysts and cystadenomas are, in general,
asymptomatic. Neuroendocrine tumors can metastasize
to the liver and subsequently may produce symptoms
duc to peptide secretion in approximately 8% of
cases. " Because of the general lack of symptomatology
many of these lesions are diagnosed incidentally during
renal surveillance. Therapeutic intervention for these
pancreatic lesions lies between watchful surveillance for
small (<3 cm in diameter) asymptomatic lesions and
surgical resection for symptomatic and/or lesions >3 cm
in diameter in the pancreatic tail and body and/or
lesions >2 cm in the head of the pancreas.!”!

Cystadenomas of the epidydimis and broad ligament
are generally asymptomatic and the real incidence is
unknown. Symptomatic treatment only is required when
symptoms (swelling, pain, dyspareunia or menorrhagia)
occur.

Papillary cystadenomas of the endolymphatic sac of the
middle ear are highly vascular lesions arising within the
posterior temporal bone. Symptoms include hearing loss,
tinnitus, vertigo, aural pain and less often facial paresis.
These lesions are seen with variable penetrance in VHLD.
Up to 15% of patients with VHLD have been reported
with this type of tumor.*" Management of these lesions
needs to be based on individual risk stratification between
severity of symptoms and the potential complications
associated with surgery. Treatment as such is primarily
surgical: On complete excision, surgery is curative. For
recurrent disease, stercotactic radiosurgery offers new
perspectives. In case of hearing loss due to bilateral
tumoral location, cochlear implants may be an option.®!”]

Screening for VHLD in hemangioblastoma
patients

Diagnosis of VHLD is made based upon clinical criteria
of Melmon and Rosen and more recently on genetic
detection of the germline mutation in peripheral blood
leukocytes. Based upon clinical criteria, patients with
a family history of VHLD and a VHL associated tumor
meet the clinical criteria for diagnosis of VIILD. Patients
with a negative family history fulfill the clinical diagnostic
criteria if they have two or more CNS hemangioblastomas
or one hemangioblastoma and a VIHL associated tumor.
The sensitivity and specifity of the genetic testing is
nearly 100%. In patients presenting with VHL associated
tumors and a negative genetic test based upon peripheral
blood, a somatic mosaicism should be considered.[%1220.2%]

The main difficulty in the work-up for hemangioblastoma
is to differentiate between a sporadic and a
VHL associated lesion. The true proportion of
hemangioblastoma associated with VHLD is diversely
estimated. Figures from 10% to 40% have been reported
in the literature.!*>1 One should take care not to
underdiagnose VIILD in the presence of an apparently
1solated lesion without clear evidence of family history.
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A systematic clinical and genetic screening therefore are
strongly recommended for every patient with a newly
diagnosed CNS hemangioblastoma.'*!>27:31]

Upon  presentation  of an  apparently  sporadic
hemangioblastoma, the literature suggests to perform a
fixed work-up. %2

The literature suggests to consistently perform
craniospinal  imaging,  ophtalmoscopy,  abdominal
ultrasound, pheochromocytoma screening by

metanephrine, and VMA detection in urine and auditory
testing (possible endolymphatic sac tumor of the
middle ear) for VHL associated hemangioblastoma.!
Screening for papillary cystadenomas of the epidydimis
and broad ligament are only to be performed upon
indication in patients with VHLD.[67111417.22]

Follow-up for sporadic and VHL associated
hemangioblastoma

Evidence-based suggestions for follow-up after treatment
for sporadic CNS hemangioblastoma were not found in
the literature. Based upon our experience we suggest
to perform a MRI scan of the involved neuronal axis at
6 and at 12-24 months in the postoperative period. These
follow-up modalities are to be advanced or extended
based upon clinical indication.

After intervention for a VHL associated lesion, there are
detailed follow-up schedules available. The literature
suggests to perform a yearly MRI driven craniospinal
control as well as an annual ophtalmoscopy, a yearly
abdominal  ultrasound  with  triennial  computed
tomography (CT) imaging, a yearly audiometry and
pheochromocytoma investigation by urine analysis
(metanephrine — VMA).781117.20221 Baged upon  clinical
indication these follow-up modalities should be advanced
or extended.

CONCLUSION

Hemangioblastomas are seen as an carly presentation of
VHLD in 10-40% of cases.

Screening  for retinal angiomas, abdominal masses
and pheochromocytomas as well as genetic analysis is
recommended for every patient with a newly diagnosed
hemangioblastoma. Follow-up is by MRI of the clinical
neuronal region at 6 and at 12-24 months postoperatively.

For ~ VIIL  associated  hemangioblastomas,  yearly
investigation for craniospinal hemangioblastoma by MRI
and yearly screening and follow-up for retinal angiomas
is recommended. Annual abdominal ultrasound with
triennial CT imaging for abdominal masses is postulated.
Annual audiometry is to be performed for possible
endolymphatic sac tumor, detailed radiographic imaging
of the skull base should be performed upon abnormality
in auditory testing. Investigations for cystadenomas of the
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epidydimis and broad ligament only are mandatory on
indication. Annual investigation for pheochromocytoma
1s recommended.
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