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Von Hippel-Lindau syndrome, an autosomal dominant ge-
netic disorder with high penetrance, is a rare genetic cause
of pheochromocytoma and various other tumors, such as
hemangioblastomas of retina and cerebellum, renal cell car-
cinoma, islet cell tumors, endolymphatic sac tumors, etc.
Conventionally, Von Hippel-Lindau is diagnosed with the
help of biochemical and structural imagining techniques,
such as magnetic resonance imaging and computed tomog-
raphy scans. However, the recent advent of the functional
imaging techniques, such as meta-iodo-benzylguanidine,
has significantly added to the armamentarium available for
the diagnosis as well as localization of these tumors.
In this report, we describe a case of a 22-year-old male with
VHL syndrome, where functional 68Ga-DOTANOC PET/CT,
99mTc-HYNIC-TOC SPECT/CT, and 131I-MIBG SPECT/CT aided
in the diagnostic evaluation of this disease. This patient pre-
sented with bilateral pheochromocytoma, retinal angioma,
cerebellar hemangioblastoma, pancreatic neuroendocrine
tumor, and pancreatic cysts. This case highlights the emer-
ging role of functional imaging as an adjuvant to conven-
tional tools in the diagnostic evaluations of diseases, an
area that has not been addressed to date.
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Yüksek penetranslı otozomal dominant genetik bir bozukluk
olan Von Hippel-Lindau sendromu, feokromasitoma ve reti-
nal ve serebellar hemanjioblastomlar, renal hücreli karsinom,
adacık hücreli tümör, endolenfatik kese tümörleri gibi diğer
birçok tümörün nadir genetik bir nedenidir. Konvannsiyonel
olarak, Von Hippel-Lindau tanısı manyetik rezonans görün-
tüleme ve bilgisayarlı tomografi taramaları gibi biyokimya-
sal ve yapısal görüntüleme teknikleri yardımı ile konmak-
tadır. Ancak, meta-iyodo-benzilguadinin gibi yakın zamanda
kullanıma giren fonksiyonel görüntüleme teknikleri bu tü-
mörlerin tanısı ve lokalizasyonlarının belirlenmesi için kulla-
nılan tedavi gereçleri açısından önemli katkı sağlamıştır.
Bu vaka sunumunda, Von Hippel-Lindau sendromu olan ve
hastalığın tanısal değerlendirmesinde fonksiyonel 68Ga-DO-
TANOC PET/BT, 99mTc-HYNIC-TOC SPECT/BT ve 131I-MIBG
SPECT/BT kullanılan 22 yaşındaki bir erkek hasta tartışıl-
mıştır. Hastamız iki taraflı feokromasitoma, retinal anji-
yoma, serebellar hemanjiyoblastoma, pankreatik nöroen-
dokrin tümör ve pankreatik kistler ile başvurdu. Biz, fonksi-
yonel görüntülemenin şimdiye kadar değinilmemiş bir alan
olan hastalıkların tanısında geleneksel yöntemleri destekle-
yici yeni rolünü bu vaka üzerinden vurguladık.
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Introduction
Von Hippel-Lindau (VHL) syndrome is an autoso-
mal dominant genetic disorder with high pene-
trance (1, 2). A mutation in the tumor suppressor
gene present on the short arm of chromosome 3
leads to the development of benign as well as
malignant tumors, affecting multiple organ sys-
tems (1, 2). Various tumors that are associated
with this syndrome are hemangioblastomas of
the retina (retinal angioma), cerebellum, and
spine, renal cell carcinoma (clear cell type),
pheochromocytoma, islet cell tumors of the pan-
creas, endolymphatic sac tumors, cysts of kidney
and pancreas, and cystadenoma in the epi-
didymis and the broad ligament.

Case Report
A 22-year-old non-diabetic male presented with a
six-month history of paroxysmal attacks of a
headache, sweating, palpitation, weakness, pos-
tural dizziness, and about 10 kg weight loss.
There was no history suggestive of hypo-
glycemia, thyrotoxicosis, recurrent fractures,
renal calculi, neck swelling, abdominal or body
lump, or any drug intake. Family history was un-
remarkable, except for the history of a certain
unknown malignancy of chest in father. The pa-
tient also complained of the sudden onset of a
painless, permanent visual loss in the left eye,
which occurred two months earlier.
Clinical examination of the young male revealed
a lean built (BMI= 15.6 kg/m2), with a pulse rate
of 77 min-1, supine BP of 186/110 mm of Hg, and
standing BP of 64/40 mm of Hg. There was no
perception of light in the left eye and its fundus
examination revealed a retinal angioma along

with total retinal detachment, while the visual
acuity and the fundus examination of the right
eye were normal. There was no goiter, acantho-
sis nigricans, mucosal neuromas, café au lait
spots, neurofibromas, or any Cushingoid fea-
tures. Neurological examination, including the
cerebellar examination, was unremarkable. Sys-
temic examination, which included the cardiac,
pulmonary, and abdominal examinations, was
normal.
Investigative workup, including the blood counts,
electrolytes, urinalysis, plasma glucose, glycated
hemoglobin, renal and liver functions, were un-
remarkable. Other hormonal investigations in-
cluded normal fasting plasma insulin (6.52; N
2.6-24.9 mIU/mL), serum T4 (7.66; N 5.1-14.1
mcg/dL), serum TSH (1.73; N 0.27-4.2 mIU/mL),
serum morning cortisol (13.86; N 6.2-19.4
µg/dL), and plasma ACTH (9.43; N 7.2-63.3
pg/mL). The 24-hour urinary noradrenaline levels
were elevated (275.0; N up to 90.0 mcg/day),
with normal urinary adrenaline (4.0; N <30.0
mcg/day) and VMA (11.2; N <15.0 mg/day) lev-
els. The fundus fluorescein angiography revealed
a retinal angioma, along with retinal detachment
(Figure 1). CECT (Figure 2a) and CEMRI of the
abdomen (Figure 2b) revealed bilateral adrenal
masses and a pancreatic mass lesion. MRI of the
spine and cranium revealed a cerebellar lesion
(Figıre 2c). Chest roentgenography, electrocar-
diography, and echocardiogram were all normal
(left ventricular ejection fraction= 60%). Au-
diometry (for endolymphatic tumors), USG of the
neck (for medullary thyroid carcinoma), and Ul-
trasound of the scrotum (for epididymal cysts)
were unremarkable.

Figure 1: A fundus fluorescein angiographic image showing retinal angioma with retinal detachment.
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131I-MIBG along with SPECT/CT scan revealed bi-
lateral MIBG-concentrating lesions, indicating bi-
lateral pheochromocytoma, with greater uptake
on the right side (Figure 3a-c). 68Gallium
DOTANOC scan revealed uptake in the cerebel-
lum, suggesting cerebellar hemangioblastoma
(Figure 3d). 99mTc-HYNIC-TOC (Figure 3e) re-
vealed a somatostatin receptor-expressing tumor
in the tail region of the pancreas, which was sug-
gestive of a neuroendocrine tumor, and it also re-
vealed partially-calcified centrally-necrotic
right-sided adrenal mass lesions (pheochromo-
cytoma).
In this patient with components such as retinal
angioma, bilateral pheochromocytoma, pancre-
atic neuroendocrine tumor, and cerebellar he-
mangioblastoma, a diagnosis of VHL syndrome
was entertained. The patient was managed with
a standard preoperative care procedure for
pheochromocytoma and was then subjected to
an open laparotomy in a joint approach by the
urology and surgical gastroenterology teams. In-
traoperative ultrasonography was performed in
order to confirm the pancreatic lesions; three le-
sions were revealed in the ultrasonogram (one in
the head region of the pancreas and two in the
tail region of the pancreas). The operative proce-

dure included bilateral adrenalectomy, enucle-
ation of the lesion in the head of the pancreas,
and distal pancreatectomy for the other two le-
sions in the tail region of the pancreas. His post-
operative period was uneventful. Two months
later, he underwent the excision of the cerebellar
hemangioblastoma. Postoperatively, the patient
remained normotensive and without any neurod-
eficit, on a glucocorticoid and mineralocorticoid
replacement therapy.

Discussion
VHL is usually present as a syndromic complex,
characterized by retinal angiomas, heman-
gioblastoma of central as well as peripheral nerv-
ous system, along with cystic lesions in the
viscera. The VHL syndrome is a rare genetic
cause of pheochromocytoma, which occurs in one
among 36,000 people, with >90% penetrance by
the age of 65 years (3).
Most of the cases of pheochromocytomas are spo-
radic, and a familial association is found in up to
25% of the cases. The familial association occurs
commonly with neurofibromatosis type 1, multi-
ple endocrine neoplasia type 2, VHL syndrome,
and paraganglioma syndrome. The VHL gene is a
tumor suppressor gene that regulates the activity

Figure 2: Contrast-enhanced CT in arterial phase (a) and post gadoliniumT1 MRI (b) axial images showing an en-
hanced necrotic mass with the areas of calcification (long arrow) in the right suprarenal region. The note is made
of the small enhancing lesion in the left suprarenal region (long arrow) as well as in the pancreatic tail (short arrow).
Post gadolinium T1 MRI (c) in sagittal plane showing contrast-enhanced mass posterior to the pons.
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of hypoxia-inducible factor (HIF)–1α, which is in-
volved either in the upregulation of an angiogenic
factor or in the downregulation of an inhibitor of
angiogenesis. Approximately 80% of the individ-
uals with the VHL disease have a positive family
history, and only 20% of the cases develop as a
result of de novo mutation. VHL have been clas-
sified into two categories based on the absence
(type 1) or presence (type 2) of pheochromocy-
toma, with further sub-classification of the type 2
VHL into 2A (hemangioblastoma and pheochro-
mocytoma), 2B (hemangioblastoma, renal cell
carcinoma, pheochromocytoma, and pancreatic
cyst or tumor), and 2C (only pheochromocytoma)
categories.
The clinical diagnosis of the VHL disease is es-
tablished in a patient when there is the presence
of at least one typical VHL tumor along with a
positive family history, or the presence of he-
mangioblastoma along with one other tumor
when the family history is negative. The typical
VHL tumors are retinal, spinal, and cerebellar
hemangioblastomas; renal cell carcinoma;
pheochromocytomas; endolymphatic sac tumors;
and multiple pancreatic cysts. Renal and epididy-
mal cysts occur very frequently in the general
population as well; therefore, their presence as

a sole manifestation is not a reliable indicator of
the VHL disease. VHL disease accounts for about
50% of the patients with apparently sporadic fa-
milial pheochromocytomas. Pheochromocytomas
are the hallmark of VHL type 2. In this study, the
presence of bilateral pheochromocytoma, retinal
angioma, cerebellar hemangioblastoma, pancre-
atic cyst, and pancreatic neuroendocrine tumor
in the patient indicated the presence of the VHL
type 2a syndromic complex. The pheochromocy-
tomas associated with the VHL syndrome exhibit
more of a noradrenergic pattern, rather than the
adrenergic pattern, of the total catecholamines
content. Our patient also exhibited a predomi-
nant noradrenergic pattern in the 24-hour uri-
nary catecholamines assay.
The incidental presence of the pancreatic cysts
prompted us to suspect VHL syndrome in this
patient, and an MRI of brain and spine was per-
formed later in order to search for heman-
gioblastoma. The most common site for the
presence of intracranial hemangioblastoma is
cerebellum (37%), followed by spinal cord and
brain stem. Our patient had a cerebellar heman-
gioblastoma (Figure 2c) and a retinal angioma.
Retinal angiomas develop in more than one-half
of the patients with the VHL syndrome. Most of

Figure 3: I–131 MIBG SPECT-CT showing B/L MIBG concentrating lesion in bilateral adrenal gland (R>L) s/o phe-
ochromocytoma (right >left with necrosis on the right side), Ga-DOTANOC shows uptake in cerebellum s/o cere-
bellar hemangioblastoma, 99m Tc-HYNITOC shows somatostatin receptor expressing tumor in the tail of pancreas
s/o NET as well as a partially calcified centrally necrotic right-sided adrenal mass lesion.



these lesions develop in the second or third
decade of patient’s life. The patients may also ex-
perience a painless loss of vision or certain visual
field defects. Exudation or hemorrhage from the
hemangioma may lead to macular edema or reti-
nal detachment. Our patient had total retinal de-
tachment, secondary to the left-sided retinal
angiomas. Renal cell carcinoma, which is the
leading cause of death in the patients with the
VHL syndrome, was not present in our patient.
In consideration of the raised urinary cate-
cholamine levels and suspected VHL syndrome,
functional imaging with 68Ga-DOTANOC, 99mTc-
HYNIC-TOC, and 131I-MIBG was performed. In our
patient, the CT scan initially revealed a left-sided
adrenal lesion, and the bilateral pheochromocy-
toma was confirmed later with the 131I-MIBG im-
aging. 68Ga-DOTANOC and 99mTc-HYNIC-TOC were
a part of our workup for the evaluation of the
pancreatic neuroendocrine tumor. Both the scans
revealed the presence of a pancreatic neuroen-
docrine tumor. The use of functional imaging in
the diagnostic evaluation of the VHL lesions has
not been reported previously. As a result of the
multi-organ involvement and the complex nature
of the VHL lesions, their treatment requires a
multidisciplinary approach.
Our patient required surgical intervention by
three surgical specialties: a urologist for the bi-
lateral pheochromocytoma, a neurosurgeon for
the hemangioblastoma, and gastrointestinal sur-
geon for the pancreatic neuroendocrine tumor.
Since the size of the adrenal lesion was small, la-
paroscopic removal of the bilateral pheochromo-
cytoma was planned on a priority basis. Surgical
management of the pancreatic neuroendocrine
tumor in the VHL syndrome is controversial. The
VHL patients at a lower metastatic risk associated
with the pancreatic NET should be spared for the
hazards of an operative resection; unlike the pa-
tients with sporadic non-functioning NET without
the VHL disease, in such as case, surgical resec-
tion is generally recommended. Libutti & col-
leagues (10) recommended the following criteria
for the resection of pancreatic tumors: no evi-
dence of metastatic disease; tumor size greater
than 3 cm in the body or the tail region, or
greater than 2 cm in the head region of the pan-
creas; or the patient undergoing laparotomy for
other lesions. Blansfield et al. (11) proposed the
following three criteria to predict the metastatic
disease associated with the pancreatic NET in the
patients with the VHL disease: tumor size greater
than or equal to 3 cm; the presence of a muta-

tion in exon 3; and a tumor doubling time of less
than 500 days. If the second or the third crite-
rion is fulfilled, the patient should be considered
for surgical management because of a greater
likelihood of future malignancy developing from
the pancreatic NET.
The blood pressure of our patient was controlled
with adequate alpha and beta blockade. We con-
sulted both urologists and surgical gastroenterol-
ogists, and planned for an initial bilateral
adrenalectomy through laparotomy that would be
performed by the urology team; and then if the
patient remained stable, we would proceed with
the resection of the pancreatic tumors which
would be performed by the surgical gastroen-
terologist within the same setting. The patient
underwent laparotomy and the bilateral adrena-
lectomy was performed for the pheochromocy-
toma. The intraoperative ultrasonography was
performed in order to confirm the pancreatic le-
sions; the ultrasonogram revealed three lesions
(one in the head region of the pancreas and two
in the tail region of the pancreas). The patient,
therefore, underwent enucleation of the lesion in
the head region of the pancreas, and distal pan-
createctomy was performed for the removal of
the other two lesions in the tail region of the pan-
creas. His postoperative period was uneventful.
He required periodic follow-up with the neuro-
surgeon and the urologist for the hemangioblas-
toma and renal cell carcinoma, respectively.
Although the renal cell tumor was not observed in
this patient, this tumor is the most common
cause of death in the patients with the VHL
syndrome, and therefore, periodic imaging is rec-
ommended, preferably with the MRI of the ab-
domen.

Conclusion
Here, we have described a typical syndromic
complex of VHL type 2a in a young male with le-
sions in the cerebellum, retina, bilateral adren-
als, and pancreas. VHL should be suspected in
patients with bilateral pheochromocytoma, espe-
cially if there is a family history, occurrence at a
young age, or if there are associated lesions of
pancreas, kidneys or the central nervous system.
The treatment of VHL requires a multidisciplinary
approach, involving various specialties-en-
docrinology, urology, surgical gastroenterology,
radiology, nuclear medicine, and neurosurgery.
The role of functional imaging in the characteri-
zation of the lesions associated with the VHL syn-
drome has been addressed for the first time in

106

Ashraf Ganie et al. Turk J Endocrinol Metab
Functional Imaging in VHL Syndrome 2018;22:102-107

106



107

Turk J Endocrinol Metab Ashraf Ganie et al.
2018;22:102-107 Functional Imaging in VHL Syndrome

107

this report. We recommend the addition of func-
tional imaging in the list of comprehensive sur-
veillance of the VHL-related tumors.
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