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Pheochromocytoma is a rare chromaffin cell tumor that may be associated with a genetic predisposition, such as von
Hippel-Lindau (VHL) disease. VHL is an autosomal dominant disorder that is characterized by a predisposition to mul-
tiple tumors, including retinal and central nervous system hemangioblastomas, renal cell carcinoma, and pheochromo-
cytomas. The classic presentation of pheochromocytoma is episodic hypertension, headaches, palpitations, and diaphoresis.
In the pediatric population, 40% of pheochromocytomas have a hereditary basis. We present a case of metastatic pheo-
chromocytoma in a child with VHL and discuss the relevant current medical literature. UROLOGY ■■: ■■–■■,
2018. © 2018 Elsevier Inc.

Pheochromocytoma is a rare chromaffin cell tumor that
may be associated with a genetic predisposition, such
as von Hippel-Lindau (VHL) disease.1 VHL is an au-

tosomal dominant disorder that predisposes affected indi-
viduals to several tumors, pertinent for urologists, such as
renal cell carcinoma and pheochromocytoma.2 Approxi-
mately 40% of pediatric pheochromocytomas have a he-
reditary basis.3 Classic presentation of pheochromocytoma
includes hypertension, headaches, palpitations, and dia-
phoresis. Pheochromocytoma can also be accompanied by
syncope, anxiety, pallor, and nonspecific complaints, such
as abdominal pain, blurred vision, and weight loss. The
screening protocol for pheochromocytoma in VHL is annual
serum metanephrines and catecholamines beginning at age
5 years.4

CASE PRESENTATION
An asymptomatic 12-year-old boy with VHL was referred
to urology for elevated plasma metanephrines. The patient
had a history of a right thoracic paravertebral paragan-
glioma, resected at age 5. He had undergone screening
plasma metanephrines and abdominal ultrasound every 3
months, central nervous system screening with magnetic
resonance imaging every 2 years, and ophthalmology screen-
ing every 2 months. Family history was negative for VHL
or any genitourinary malignancies.

Physical examination at presentation revealed a blood
pressure of 135/83 mm Hg and no abdominal masses. Labo-
ratory findings were all within normal limits except for his
plasma-free normetanephrine, which was elevated at 7 nmol/
L. The abdominal ultrasound result was normal. Comput-
erized tomography of the chest, the abdomen, and the pelvis
showed bilateral suprarenal retroperitoneal masses (1.5 and
2.0 cm) and 3 peripheral lung nodules, all less than 5 mm
in size (Fig. 1). Metaiodobenzylguanidine scan showed in-
creased uptake by the 2 retroperitoneal masses, but the lung
lesions were negative (likely below the size resolution of
the scan) (Fig. 2).

An open bilateral retroperitoneal mass excision with
right video-assisted thoracoscopic resection for 3 lung
lesions was planned. Preoperative alpha-blockade with
phenoxybenzamine and sodium chloride tabs was started
3 weeks preoperatively. A Chevron incision extended
between the 12th ribs. A right interaortocaval mass was
observed posterior and cranial to the left renal vein (Fig. 3).
Further dissection behind the inferior vena cava revealed
the mass was abutting the medial edge of the right adrenal
gland, which was left in situ as the mass was then re-
sected. We then moved to the left-sided tumor, exposing
the left renal vein, the left adrenal vein, and the left adrenal
gland. The mass was arising from the left adrenal gland,
and a left partial adrenalectomy was performed. Video-
assisted thoracoscopic resection of the lung lesions was then
performed by pediatric surgery. The patient was trans-
ferred to the pediatric intensive care unit for monitoring
postoperatively and was moved to the floor on postopera-
tive day 1. He was discharged on postoperative day 5, with
no complications.

Final pathology showed a 2.5-cm right lesion, 1.8-cm left
lesion, and 3 lung specimens, all of which were positive
for pheochromocytoma. All margins were negative. One
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lymph node was negative for malignancy. Postoperative
laboratory values returned to normal. As all disease had
been resected, chemotherapy was not indicated. At the pa-
tient’s 3-month follow-up, metanephrines continued to be
within normal limits and imaging showed no recurrent
disease.

DISCUSSION
VHL is a multisystem cancer predisposition syndrome that
is associated with a mutation of the tumor suppressor VHL
gene located on chromosome 3p.5 The inherited muta-
tion causes individuals to have 1 normal gene (wild type)
and 1 mutated gene. The Knudson 2-hit hypothesis states
that this germline mutation is “first hit,” and the indi-
vidual must undergo a “second hit” before the develop-
ment of a tumor. Tumors observed in individuals with VHL
are cystic and vascular, throughout the body, including cer-
ebellar, spinal, or retinal hemangioblastomas, renal cysts,

clear cell renal cell carcinomas, pheochromocytomas, pan-
creatic cysts, endolymphatic sac tumors, pancreatic neu-
roendocrine tumors, and epididymal and broad ligament
cystadenomas.5

Pheochromocytoma is a neuroendocrine tumor
characterized by the storage, synthesis, and release of
catecholamines. The traditional “rule of tens” for pheo-
chromocytoma suggests that 10% are malignant, 10% are
extra-adrenal, 10% are extra-abdominal, 10% are not as-
sociated with hypertension, 10% are malignant, and 10%
are hereditary.6 However, this rule is not perfect, with current
estimates of genetic mutation associated pheochromocy-
tomas sitting around 25% overall, but even higher (40%)
in pediatric cases.6,7 Of patients with VHL, 10%-20% will
develop a pheochromocytoma, typically as adults (mean
age at presentation 30 years old).8,9 Symptomatically, chil-
dren present like adults, with hypertension, palpitation, dia-
phoresis, headaches, pallor, syncope, nausea, and anxiety.
Additionally, children tend to present with nonspecific
symptoms, including blurred vision, abdominal pain, weight
loss, hyperglycemia, polyuria, or polydipsia.10 However, in
children and particularly in those with genetic syn-
dromes, patients can be asymptomatic.1 As this silent pre-
sentation is common, screening has become imperative in
the detection of pheochromocytoma in patients with VHL,
and is performed with annual serum or urine metanephrines
and catecholamines, beginning at age 5 years.4 Labora-
tory testing is augmented with imaging, including com-
puterized tomography or MRI for adrenal masses, whereas
metaiodobenzylguanidine was commonly used for extra-
adrenal masses.1

The treatment of pheochromocytoma is surgical resec-
tion. Pharmacologic alpha-blockade in the preoperative
period is essential to prevent catecholamine surge during
induction of anesthesia or tumor manipulation. This could
lead to hypertensive crisis, cardiomyopathy, pancreatitis,
stroke, seizures, or multiorgan failure.10 If reflex tachycar-
dia is a complication of the alpha-blockade, beta-blockers
may be added.10

Figure 1. Computerized tomography imaging preoperatively demonstrates the interaortocaval mass (arrow) (A) and the left
retroperitoneal mass (arrow) (B).

Figure 2. Metaiodobenzylguanidine scan shows 2 retroperi-
toneal masses (arrows) with avid metaiodobenzylguanidine
uptake. (Color version available online.)

ARTICLE IN PRESS

2 UROLOGY ■■ (■■), 2018



In the pediatric population, approximately 12% of pheo-
chromocytomas are malignant, with a 5-year survival of ap-
proximately 78%.10 A challenge lies in distinguishing
malignant and benign pheochromocytomas as currently,
there are no pathologic features or imaging characteris-
tics that predict the malignant potential of this tumor—
the presence of metastatic lesions is the only way to diagnose
malignancy. Generally though, malignant tumors tend have
necrosis, a higher proliferative index, absent hyaline glob-
ules, extra-adrenal location, and size >5 cm.10,11

The current recommended therapy for metastatic disease
is surgical resection or all diseases. Radiation and chemo-
therapy can be used but only provides symptom relief and
tumor regression in 50% of patients without any improve-
ment in overall survival.11 There have been reports of
successful adjuvant treatment with 131I-labeled
metaiodobenzylguanidine, with a response in 22% of adult
patients, but further studies are needed.12 Because metas-
tasis can occur late in the clinical course, long-term follow-
up with biochemical screening (urine or plasma
metanephrines) and imaging studies is recommended.11

CONCLUSION
For pediatric patients with VHL, pheochromocytoma com-
monly presents with either vague symptoms or none at all,
making screening fundamental to its detection. Al-
though metastasis is rare, it can occur in pediatric pa-
tients, and patients should be followed up long term with
imaging and biochemical testing. At this time, surgical re-
section is the best treatment option for both local and meta-
static pheochromocytomas.

References
1. Weise M, Merke DP, Pacak K, Walther MM, Eisenhofer G. Utility

of plasma free metanephrines for detecting childhood pheochromo-
cytoma. J Clin Endocrinol Metab. 2002;87:1955-1960.

2. Maher ER, Yates JRW, Harries R, et al. Clinical features and
natural history of von Hippel-Lindau disease. QJM. 1990;77:1151-
1163.

3. Havekes B, Romijn JA, Eisenhofer G, Adams K, Pacak K. Update
on pediatric pheochromocytoma. Pediatr Nephrol. 2009;24:943-
950.

4. Alliance VHL. Active Surveillance. 2017. Available at: https://
www.vhl.org/clinicians/surveillance/. Accessed October 23, 2017

5. Lonser RR, Glenn GM, Walther M, et al. von Hippel-Lindau disease.
Lancet. 2003;361:2059-2067.

6. Dluhy RG. Pheochromocytoma—death of an axiom; 2002.
7. Chen H, Sippel RS, O’dorisio MS, Vinik AI, Lloyd RV, Pacak K.

The North American Neuroendocrine Tumor Society consensus guide-
line for the diagnosis and management of neuroendocrine tumors:
pheochromocytoma, paraganglioma, and medullary thyroid cancer.
Pancreas. 2010;39:775-783.

8. Eisenhofer G, Bornstein SR, Brouwers FM, et al. Malignant pheo-
chromocytoma: current status and initiatives for future progress. Endocr
Relat Cancer. 2004;11:423-436.

9. Eisenhofer G, Huynh TT, Pacak K, et al. Distinct gene expression
profiles in norepinephrine-and epinephrine-producing hereditary and
sporadic pheochromocytomas: activation of hypoxia-driven angio-
genic pathways in von Hippel–Lindau syndrome. Endocr Relat Cancer.
2004;11:897-911.

10. Waguespack SG, Rich T, Grubbs E, et al. A current review of the
etiology, diagnosis, and treatment of pediatric pheochromocytoma
and paraganglioma. J Clin Endocrinol Metab. 2010;95:2023-2037.

11. Pacak K, Eisenhofer G, Ahlman H, et al. Pheochromocytoma: rec-
ommendations for clinical practice from the First International Sym-
posium. Nat Clin Pract Endocrinol Metab. 2007;3:92-102.

12. Gonias S, Goldsby R, Matthay KK, et al. Phase II study of high-
dose [131I] metaiodobenzylguanidine therapy for patients with meta-
static pheochromocytoma and paraganglioma. J Clin Oncol.
2009;27:4162-4168.

Figure 3. Postresection intraoperative image of the right interaortocaval mass (white circle) superior to the left renal vein
(A). Left-sided mass (arrows) visualized arising from within the left adrenal gland (B,C). (Color version available online.)
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