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Bilateral pheochromocytoma/intra-adrenal 
paraganglioma in von hippel-lindau patient causing 
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A�26-year-old�male�presented�to�the�emergency�department�complaining�of�obsti-
pation,�severe�headache�and�abdominal�pain.�An�autopsy�revealed�bilateral�pheo-
chromocytoma�and�acute�myocardial�infarction.�The�tumor�cells�showed�positive�
immunoreactivity�of�both�chromogranin�A�and�synaptophysin�and�were�negative�
for�adrenocortical�markers�such�as�SF-1,�c17,�scc,�3β-HSD�as�well�as�SDHB,�sug-
gesting�a�germline�mutation�of�the�gene�SDHB�or�SDHD.�Molecular�genetic�anal-
yses�did�not�show�a�mutation�in�these�two�genes,�but�a�mutation�in�the�VHL�gene,�
in�exon�3:�VHL�c.499C>T.�This�is�a�missense�mutation�and�causes�an�amino�acid�
change�(Arg167Trp).
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Introduction

Von� Hippel-Lindau� (VHL)� disease� is� an� autoso-
mal�dominant�disorder�associated�with�the�develop-
ment�of�prototypic�lesions�such�as�retinal�angiomas,�
hemangioblastomas� of� the� central� nervous� system,�
epididymal�cystadenomas,�renal�cysts�and�renal�cell�
carcinomas,�pheochromocytomas,�and�pancreatic� is-
let� cell� tumors� [1].� Pheochromocytomas� and� para-
gangliomas� (extra-adrenal� pheochromocytoma)� are�
catecholamine-producing� neuroendocrine� tumors�
arising� from� adrenal� medulla� and/or� extra-adrenal�
chromaffin�tissue.�Not�all�paragangliomas�are�endo-
crinologically�active�and�the�classical�clinical�triad�of�
headache,�palpitations�and�sweating�is�only�clinically�

detected� in� two� thirds� of� affected� patients� [2,� 3].�
Some�patients�are�completely�asymptomatic�[1,�3]�or�
present� merely� with� non-specific� clinical� symptoms�
such�as�hyperglycemia�[3,�4],�acute�abdomen�[3,�5],�
neurological� findings�such�as�stroke�[3]�and�cardio-
vascular� events� such� as� acute� cardiovascular� shock�
and�myocardial� infarction�[3,�7].�Therefore,�despite�
improved�diagnostic�methods,�many�of�the�patients�
may�still�remain�clinically�undiagnosed�[7,�8].�In�this�
case�report,�we�describe�an�autopsy�case�of�bilateral�
pheochromocytoma�occurring�in�a�young�VHL�male�
patient�presenting�as�acute�abdomen�and�resulting�in�
acute�myocardial�infarction�and�multiorgan�failure�in�
his�clinical�course,�leading,�because�of�young�age�and�
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bilateral�adrenal�involvement,�to�the�question�wheth-
er�there�may�be�an�underlying�inherited�syndrome.

Material and methods

We�present�a�case�with�a�pheochromocytoma�de-
tected�by�autopsy.�Molecular�genetic�analyses�for�ger-
mline� mutations� of� the� VHL� gene� were� performed�
after�DNA�extraction�from�normal�liver�tissue�using�
standard� methods.� All� exons� of� the� genes� SDHB,�
SDHD,�VHL�and�exons�10,�11�and�16�of� the�RET�
gene�were�sequenced�(Sanger�sequencing)�after�PCR�
amplification.

Results

The�index�case�is�a�26-year-old�male�with�an�un-
eventful� previous� medical� history.� The� patient� is� an�
orphan;�he�used�to�live�in�very�poor�social�conditions�
and�never� visited� a� family�doctor.�The� family�back-
ground�of�the�parents�and�siblings�history�is�unavail-
able.�He�presented�to�the�emergency�department�for�
obstipation�for�the�last�four�days,�abdominal�pain�and�
general�weakness�which�lasted�a�few�hours�prior�to�his�
visit.�Physical�examination�revealed�blood�pressure�of�
160/100�mm�Hg�and�heart�rate�of�120�beat�per�min-
ute.�Laboratory�results�and�chest�X-ray�were�non-con-
tributory.�The�abdomen�was�tender�and�suggestive�of�
acute�peritoneal�stimulation.�Emergency�surgery�was�
performed� because� of� paralytic� ileus� and� peritonitis�
was�clinically�suspected.�The�subsequent�laparotomy�
revealed�air�dilated� intestinal� loops�and�hepatomeg-
aly.� Surgery� could� not� be� continued� further� due� to�
severe�hemodynamic�instability�of�the�patient.�There-
fore�the�patient�was�transferred�to�the�ICU�and�de-
spite�a�combination�of�pressors�and�inotropes�for�the�
next�48�hours�he�developed�severe�depression�of�left�
ventricle� function�and�elevated� levels�of� creatine�ki-
nase,�creatine�kinase�MB�fraction�and�troponin.�The�

chest�CT�scan�without�contrast�demonstrated�bilater-
al�pleural�effusions,�hypoventilated�lungs�and�an�en-
larged�heart.�The�abdominal�CT� scan�with� contrast�
revealed�a�right�6.2�×�4.3�cm�and�a�left�5.0�×�4.0�
adrenal�mass�(Fig.�1).�Bilateral�pheochromocytoma�or�
cortical�adrenal�adenoma�was�radiologically�suspect-
ed.�The�patient�subsequently�died�with�signs�of�acute�
cardiogenic�shock�and�multiorgan�failure.

Autopsy and molecular genetic findings

Bilateral�adrenal�lesions�were�detected:�6.0�×�5.0�
×�4.0�cm� in� the� right� (Fig.�2A)�and�5.0�×�4.0�×�
4.0� cm� in� the� left� suprarenal� areas� (Fig.� 2B).�Both�
were�encapsulated,�well�circumscribed�and�appeared�
yellow� admixed� with� scattered� foci� of� hemorrhagic�
areas� on� their� cut� surface.� Histologically,� the� right�
and� left� lesions�were� identical,� the�tumor�cells�hav-
ing�irregular�shaped,�large�and�hyperchromic�nuclei�
with� prominent� nucleoli� forming� nests� and� cords�
supported�by�highly�vasculated�stroma�(Fig.�3A,B).�
The�heart�(570�g)�demonstrated�moderate�biventric-

Fig. 1.�The�abdomen�CT�scan�showing�the�bilateral�suprare-
nal�masses�without�signs�of�invasion�(K�–�kidney,�M�–�mass)

A B

Fig. 2. A)�Right�intra-adrenal�paraganglioma�with�part�of�normal�adrenal�cortex�(→).�B)�Left�tumor�presenting�well-cir-
cumscribed� central� pink-yellow� with� areas� of� hemorrhage� intra-adrenal� paraganglioma� and� part� of� normal� adrenal��
cortex�(←)
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ular� hypertrophy� and� dilatation� and� atherosclerotic�
changes�were�detected�in�all�three�coronary�arteries,�
with�narrowing�up�to�more�than�50%�of�the�lumens.�
A�3�×�2�×�3�cm�deep-red,�loose�area�surrounded�by�
pale�yellow�hue�was�detected�in�the�posterior�wall�of�
the�left�ventricle�and�posterior�portion�of�the�septum,�
which�histologically�demonstrated� that�most�of� the�
cardiomyocytes�were�myocytolytic�with�marked�eo-
sinophilic�cytoplasm�without�nuclei,�wavy�fibers�and�
marked� infiltration� of� neutrophils,� consistent� with�
acute�myocardial�infarction.�Lungs�and�liver�demon-
strated�marked�degrees�of�congestion.�Autopsy�find-
ings�and�histological� study�excluded�any� tumors�or�
cystic�lesions�out�of�the�spectrum�of�VHL�disease�in�
the� brain,� cerebellum,� brain� stem,� spinal� cord,� pe-
trous�bones,�both�kidneys,�pancreas,�and�both�epidid-
ymides.�The�peripheral�sympathetic�and�parasympa-
thetic�chains�did�not�contain�any�lesions.�An�autopsy�
of�the�eyes�was�not�performed.

Immunohistochemical�markers� for�adrenocortical�
origin�including�SF-1,�c17,�scc�and�3β-HSD�demon-
strated� positive� immunoreactivity� in� surrounding�
normal� adrenal� cortex� but� negative� in� tumor� cells�
of�both�adrenals�(Fig.�4A).�Neuroendocrine�markers�
such�as�chromogranin�A�and�synaptophysin�were�dif-
fusely�and�intensively�positive�in�both�adrenal�tumors�
(Fig.�4B,�C).�These�findings�resulted�in�the�diagnosis��
of�bilateral�pheochromocytoma.�In�addition,�SDHB��
im�munoreactivity�in�tumor�cells�was�negative�(Fig.�4D).�
This� suggested� germline� mutations� either� in� the�
SDHB�or�the�SDHD�gene.�Therefore,�genetic�studies�
of�these�two�genes�were�performed.�Once�the�results�
were� negative,� other� candidate� genes� such� as� RET�
and�VHL�were�also�included�and�studied.�RET�exons�
10,� 11� and� 16� were� negative.� Finally,� we� detected�
a�mutation�in�the�VHL�gene�located�in�exon�3:�VHL�
c.499C>T.�This�is�a�missense�mutation�and�causes�an�
amino�acid�change�(Arg167Trp).

Discussion

Hereditary� pheochromocytoma� and� paraganglio-
ma� is� a� rare�disease�but� still� remains� a� challenging�
diagnosis,�due�to�its�occurrence�at�young�age�of�pre-
sentation� and� frequently� nonspecific� clinical� symp-
toms� [1,� 2].� Despite� improved� diagnostic� and� sur-
gical�techniques,�there�are�still�a�significant�number�
of�cases�discovered�only�at�the�time�of�autopsy.�Some�
large�retrospective�studies�from�North�America,�Aus-
tralia,�Africa�and�Asia�have�demonstrated�that�17%�
to�23%�of�pheochromocytomas�were�identified�only�
at�the�time�of�an�autopsy.�Of�these,�36%�of�the�pa-
tients� died� because� of� cardiovascular� complications�
[10,�11].

In�this�particular�case,�the�relatively�young�age�at�
presentation,�multifocal�appearance�of�the�tumor�and�
negative�SDHB�immunohistochemical�result�suggest�
more� likely� the� inherited� features� or� genetic� back-
ground�of� this�patient.�Despite� all� assumptions� the�
genetic�investigation�did�not�reveal�mutation�in�the�
SDHB�and�SDHD�genes.�Thus� for�the�approach�to�
a� potential� hereditary� disorder,� clinical� information�
was�used,�namely�the�young�age�of�26�and�bilateral�
pheochromocytoma.�The�European-American-Pheo-
chromocytoma-Paraganglioma� Registry� based� in�
Freiburg� currently� (at� March� 31,� 2013)� has� 272�
entries� for� symptomatic� bilateral� pheochromocyto-
ma.�Of�these�76�had�VHL,�40�RET,�10�SDHD�and�
3�SDHB�mutation.�Therefore�we�analyzed�the�RET�
and�VHL�genes.�Whilst�RET�mutation�screening�was�
negative,�VHL�analyses� revealed� a�mutation� in� the�
VHL�gene.

Von� Hippel-Lindau� disease� is� characterized� by�
mutations�in�the�VHL�gene�located�in�the�short�arm�
of� chromosome�3,�with� three� exons� coding� for� two�
isoforms�of�the�VHL�protein�[1].�The�VHL�protein�
is�considered�to�regulate�transcription�of�the�hypoxia-�

A B

Fig. 3. A)�Right�side�pheochromocytoma�specimen�presenting�encapsulated�(→)�lesion�composed�of�sheets�and�cords�of�
irregular�cells�with�hyperchromic�nucleoli�(HE,�magnification�100×).�B)�Left�side�pheochromocytoma�specimen�present-
ing�lesion�composed�of�nests�and�cords�of�tumor�cells,�surrounded�by�vasculated�capsule�(←)�(HE,�magnification�100×)
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A B

C D

Fig. 4. A)�Intensive�3β-HSD�staining�in�the�cytoplasm�of�normal�corticoadrenal�cells�(area�under�the�line,�magnification�
100×).�B)�Intensively�positive�chromogranin�A�immunoreactivity�of�the�tumor�cells�(area�above�the�line,�magnification�
100×).�C)�Positive�synaptophysin�staining�of�the�tumor�cells�(area�above�the�line,�magnification�100×).�D)�Absence�of�
SDHB�immunoreactivity�of�the�tumor�cells�(magnification�100×)

-inducible�genes,�in�particular,�hypoxia-inducible�fac-
tors�(HIFs)�ubiquitination�and�proteasome�degrada-
tion,�occurring�in�normoxic�conditions�[9,�10].�The�
mutation�in�the�VHL�gene�and�lack�of�possibility�of�
HIF�degradation� in� the� tumor� cells� resemble� a�hy-
poxia�condition�[10].

Other� pheochromocytoma/paraganglioma� associ-
ated� syndromes� are� paraganglion� syndrome� type� 1�
(PGL1)�and�type�4�(PGL4).�These�are�caused�by�mu-
tations� in� subunits� of� the� succinate� dehydrogenase�
(SDH)�complex,� respectively� in� subunit�D�(SDHD)�
and�subunit�B�(SDHB).�The�SDH�complex�is�involved�
in�the�mitochondrial�respiratory�chain,�so�is�known�as�
mitochondrial�II�complex,�and�also�plays�the�role�of�
a�component�of�the�Krebs�cycle�[2].�Recent�studies�
suggested�a�link�between�these�two�processes,�scilicet�
HIF�degradation�and�SDH�complex�function,�respec-
tively,�being�a�possible�common�origin�of�the�pheo-
chromocytomas� in� VHL� and� SDH� mutations� [11].�
The�immunohistochemical�investigation�is�presented�
as�a�surrogate�of�these�assumptions,�showing�reduced�
SDHB� and� SDHD� immunoactivity� in� all� tumors�
with�a�SDHB�or�SDHD�mutation�and�the�majority�

pheochromocytomas� with� VHL� mutation� [11,� 12].�
The�present�case�appears�firstly�as�an�example�of�ab-
sent�SDHB�immunoactivity�in�a�tumor�with�a�VHL�
mutation,� and� secondly� as� further� confirmation� of�
the�theory�that�those�pheochromocytomas�associated�
with� VHL� or� SDHB� or� SDHD� mutations� possibly�
have�a�similar�tumorigenesis�pathway.
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