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Abstract
VHL is a rare tumor predisposition syndrome characterized by tumors such as hemangioblastoma, renal cell carcinoma, and
pheochromocytoma. Although patients are often diagnosed within the 2nd to 3rd decade of life, patients may present with
tumors during childhood. Patients are diagnosed based on family history, clinical findings, and genetic testing. Long-term
follow-up and screening is necessary due to the high likelihood of tumors throughout the body.
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Case Summary

A pre-teen girl presented with
worsening headaches, disequilibrium
and vomiting. Her family history was
significant for unspecified cancers in
her father and maternal grandmother.
Ophthalmic examination showed multiple
retinal hemangioblastoma. Over time,
the patient had multiple craniotomies
for brain tumor resections. Additionally,
she had multiple treatment approaches
for her right eye, including cryothera-
pies, laser therapies, surgeries, and
ultimate enucleation.

Imaging Findings

Initial MRI showed multiple small
enhancing foci within the cerebellum
(Figure 1). These increased in size and
number over time (Figure 2). Small
enhancing foci were also present in the
spinal cord (Figure 3). Abdominal MRI
showed multiple pancreatic and renal
cysts (Figure 4).

Diagnosis

Multiple cerebellar, spinal cord, and
retinal hemangioblastomas in a patient
with von Hippel-Lindau (VHL) disease.

Discussion

VHL disease is an autosomal-domi-
nant multisystemic tumor predisposition
syndrome characterized by the presence
of tumors such as hemangioblastomas
and multiple cysts. It occurs because of
a mutation of the VHL tumor suppres-
sor gene located on chromosome 3. The
mutation leads to dysregulation in the
cellular response to hypoxia.1

VHL occurs in 1 in 36,000 live births.
About 80% of patients have an affected
parent, with the remaining developing
VHL via sporadic mutation.2 Symptomatic
patients present on average at 26 years of
age.2 However, only 50% of patients are
symptomatic at the time of presentation.3

When symptoms are present, they depend
on the type of tumor affecting a patient

and its location.4 For example, patients
with cerebellar hemangioblastoma may
present with headache, vomiting, or ataxia
while patients with pheochromocytoma
may present with episodic hypertension
or flushing.4

Diagnosis  of  VHL  is  made  with
the  combination  of  clinical  symptoms,
family  history,  or  genetic  testing.  In
patients  with  a  family  history  of
VHL,  diagnosis  is  made  via  genetic
testing  or  with  the  presence  of  any
one  of  the  following:  retinal,  cerebel-
lar,  or  spinal  hemangioblastoma;  renal
cell  carcinoma;  pheochromocytoma  or
paraganglioma;  or  multiple  renal  and
pancreatic  cysts.  If  a  family  history
of  VHL  is  not  present,  a  clinical
diagnosis  requires  the  presence  of
2  or  more  of  the  following:  2  or
more  retinal  or  central  nervous  system
(CNS)  hemangioblastomas  or  a  single
hemangioblastoma  in  association  with
a  visceral  manifestation  (e.g.,  multiple
kidney  or  pancreatic  cysts);  renal
cell  carcinoma,  pheochromocytoma,
or  paraganglioma;  or  endolymphatic
sac  tumors,  papillary  cystadenomas
of  the  epididymis  or  broad  ligament,
or  neuroendocrine  tumors  (NETs)  of
the  pancreas.

Because each of these tumors is rare in
children, the presence of any should be
an indication to perform genetic testing
in the test the patient and their family
members.5 In patients with a diagnosis of
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VHL, routine screening is recommended.
Screening includes annual neurological
and ophthalmologic examination, annual
blood pressure measurement, annual
(starting at 5 years of age) plasma or
urine metanephrine levels, and every 2-3

year audiology examination.5,6 In addition,
the following imaging screening tests are
recommended: MRI of the brain and total
spine every 2 years (starting at 16 years of

age), annual abdominal US (starting at 8
years of age), and abdominal MRI every 2
years (starting at 16 years of age).

Patients with VHL may have a variety
of manifestations. Hemangioblastomas are
the characteristic tumor. They occur within
the CNS or retina. CNS hemangioblastomas
affect 60-80% of patients with VHL and can
occur in the brain (80%) or spinal cord (20%).
When hemangioblastomas affect the brain,
they are most common in the cerebellum
(Figures 1, 2). In the spine, they are most
common in the cervical or thoracic cord
(Figure 3). On imaging, these tumors appear
as a cyst and enhancing mural nodule.7,8 The
size of the cystic component is variable, and
small tumors can appear entirely solid.

Retinal hemangioblastomas occur in
70% of patients with VHL. They are
identified via ophthalmologic examina-
tion. The tumors have a characteristic
appearance with arteries and veins and
optic disc edema. Although the role of
imaging is limited, CT and MRI may show
nodular retinal lesions with enhancement,
with or without retinal detachment.7,8

Endolymphatic sac tumors are rare
tumors arising from the vestibular
aqueduct. The tumor occurs in up to 15%
of patients with VHL. Patients commonly
present with hearing loss and tinnitus.
Both CT and MRI demonstrate an intensely
enhancing tumor within the petrous
bone. The tumor erodes the bone, giving
it a moth-eaten appearance on CT. It
is heterogeneous on MRI with foci of
hyperintense T1 signal.8

In the abdomen, several different
manifestations may be present. Cysts may
develop in the pancreas, liver, kidneys,
or genitourinary tract. Tumors can also
occur and include pheochromocytomas
or paragangliomas, renal cell carcinoma,
pancreatic serous cystadenoma, and
pancreatic NETs.9

Renal  manifestations,  such  as  renal
cell  carcinomas  or  renal  cysts,  are
common  and  are  the  most  common
cause  of  patient  demise  in  up  to  75%
of  cases.  US  can  differentiate  between
cystic  and  solid  renal  masses.  If  a  solid
mass  is  present,  CT  or  MRI  should  be

Figure 1. Axial T1-weighted MRI status post
administration of contrast shows 2 small
enhancing foci (arrows) within the right
cerebellum.

Figure 2. Axial T1-weighted MRI performed 7
years later shows that the cerebellar lesions
have increased in size and number since the
prior study. The largest lesion (arrow) has
a cyst and mural nodule appearance. The
remainder of the lesions (example arrowhead)
are solid appearing. Note that the right eye
(dashed arrow) has been enucleated.

Figure 3. Sagittal T1-weighted post-contrast
MRI performed 2 years after the initial MRI
shows a small, enhancing focus (arrow) in the
spinal cord at the T4 level.

Figure 4. Axial T2-weighted image of the mid
abdomen shows cysts within the pancreas
(arrow) and right kidney (arrowhead).
Additional cysts were present on other images.
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performed  to  evaluate  for  renal  cell
carcinoma.  Renal  cell  carcinoma  occurs
in  up  to  70%  of  patients  with  VHL  by
60  years  of  age  and  is  usually  the  clear
cell  variant.  On  CT,  clear  cell  renal
carcinoma  appears  as  a  heterogeneous,
enhancing,  exophytic  solid  mass.  On
MRI,  the  tumor  has  a  heterogeneous
appearance  on  T1-weighted  images  and
is  hyperintense  on  T2-weighted  images.7

Pancreatic manifestations, such as
pancreatic cysts or pancreatic NETs, may
be seen in 42% of patients with VHL.
Cysts are considerably more common than
NET. The cysts have a simple appear-
ance and may be numerous (Figure 4).
NETs are uncommon, only occurring in
5-17% of patients. When present, they
are typically non-functioning and are slow
growing. On CT, NETs are hypervascular
and may enhance avidly on the arterial
phase of imaging. Larger tumors enhance
more heterogeneously. On MRI, a NET is
hypointense to the pancreas on T1-weigh-
ted images and hyperintense on T2-weigh-
ted images. The enhancement pattern
is like CT. 19F fluorodeoxyglucose (FDG)-
PET of pancreatic NETs has shown that
a higher maximum standardized uptake
value (SUVmax) correlates with tumor size
on CT, which may indicate pancreatic
lesions with higher malignant/metastatic
potential.10 68Ga-DOTATATE PET/CT is a
more specific method to identify the tumor
and potential metastases.

Pheochromocytomas and paraganglio-
mas can occur in patients with VHL.
Pheochromocytoma is more common,
affecting 30% of patients (compared with
15% for paragangliomas). Patients with
pheochromocytoma may present with
hypertension and flushing while patients
with paraganglioma are asymptomatic.
On MRI, the tumors are T2-hyperintense.
They enhance avidly on both CT and

MRI. The tumors also display uptake
of radiopharmaceutical on 123I-MIBG
scintigraphy, 19F FDG-PET/CT and
68Ga-DOTATATE PET/CT.7

Reproductive organ manifestations,
such as epididymal or broad ligament
papillary cystadenomas, may develop
in 25-60% of patients with VHL. US
demonstrates a cystic mass with a variably
solid component and color Doppler flow.7

The treatment of VHL is multidis-
ciplinary and personalized depending
on symptoms and tumor burden. Key
indications for neurosurgical hemangio-
blastoma removal are critically large tumor
size, rapid tumor growth, and develop-
ment of neurological symptoms. Retinal
hemangioblastomas are typically treated
with laser therapy if small, and with
cryocoagulation if large. Enucleation may
be necessary in patients with severe pain
and blindness. Endolymphatic sac tumors
are resected, if possible. Asymptomatic
pancreatic NETs have a lower risk of
metastasis than sporadic NET and can be
monitored via imaging. Pheochromocyto-
mas are treated with surgical excision.
For VHL-associated renal cell carcinoma,
nephron-sparing surgery is performed
for tumors >3 cm, if possible, due to
the potential for additional renal tumors.
Ablative procedures may be offered to
patients with renal tumors <3 cm.2

Conclusion

VHL is a rare tumor predisposi-
tion syndrome characterized by tumors
such as hemangioblastoma, renal cell
carcinoma, and pheochromocytoma.
Although patients are often diagnosed
within the 2nd to 3rd decade of life,
patients may present with tumors during
childhood. Patients are diagnosed based

on family history, clinical findings, and
genetic testing. Long-term follow-up and
screening are necessary due to the high
likelihood of tumors throughout the body.
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