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Pheochromocytoma, para
gangliomas, and pituitary
adenoma
An unusual association in a patient with an SDHD mutation.
Case report
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Abstract
Rationale: Pituitary adenomas and paragangliomas are both rare endocrine diseases. Paragangliomas (PGL)/pheochromocyto-
mas (PHEO) are part of an inherited syndrome in about 30% to 40% of cases. Among familial cases, mutations of the succinate
dehydrogenase (SDH) subunit genes (succinate dehydrogenase subunit [SDH]B, SDHC, SDHD, succinate dehydrogenase subunit
AF2 [SDHAF2] , and SDHA) are the most common cause.[1]

Patientconcerns:We here report a 31-year-old patient with a known SDHDmutation whose disease has been revealed by a left
PHEO during childhood and who presented at age 29 years a large paraganglioma of the right jugular foramen, a concomitant PHEO
of the left adrenal and 2 retroperitoneal paragangliomas. A pituitary incidentaloma was found during investigations on a
fluorodeoxyglucose (FDG)-positron emission tomography (PET) (FDG-PET).

Diagnosis: A pituitary magnetic resonance imaging (MRI) confirmed the presence of a 14mm pituitary macroadenoma. The
pituitary function was normal except for hypogonadotropic hypogonadism. On examination of the fundus, a diagnosis of Pseudo
Foster-Kennedy syndromewasmade due to a venous compression of the right jugular vein caused by the paraganglioma (PGL). The
pituitary adenoma was not compressive to the optic chiasm.

Interventions: A treatment with acetazolamide was started in order to improve intracranial hypertension. The patient couldn’t
benefit of a surgical approach for the paraganglioma of the right jugular foramen; the patient has been treated with stereotactic
radiosurgery (Gamma Knife).

Outcomes: The most recent MRI revealed that the right jugular foramen PGL is stable and the latest visual assessment
demonstrated stability despite a recent reduction in acetazolamide dosage. A surveillance by MRI of the pituitary adenoma has been
planned.

Lessons: The association of a pituitary adenoma to paragangliomas within a same patient is very uncommon and raises the
question of related physiopathological mechanisms.

Abbreviations: ACTH = corticotropin, FSH = follicle-stimulating hormone, GIST = gastrointestinal stromal tumors, IGF-1 =
insulin-like growth factor-1, LH= luteinizing hormone, PA= pituitary adenoma, PGL= paraganglioma, PHEO= pheochromocytoma,
PPGL = paraganglioma and pheochromocytoma, PRL = prolactin, SDH = succinate dehydrogenase, SDHx = succinate
dehydrogenase subunit A, B, C, or D, T3L = free triiodothyronine, T4L = free thyroxine, TSH = thyroid-stimulating hormone.
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1. Introduction

Paragangliomas and pheochromocytomas (PPGL) are rare
neuroendocrine tumors. Paragangliomas (PGL) originate from
the extra-adrenal chromaffin cells of the sympathetic and
parasympathetic system, whereas pheochromocytomas (PHEO)
derive from chromaffin cells of the adrenal medulla.[2] PHEOs
and abdominal PGLs originating from the sympathetic system
can secrete catecholamines, while cervical PGLs developed from
the parasympathetic system are usually nonfunctional. PPGLs
can be sporadic or familial. Up to 40%of cases may be associated
with an inherited familial syndrome, including succinate
dehydrogenase (SDH) enzyme mutations.[3] Any mutation of
the SDH complex subunit (SDHB, SDHC, SDHD, SDHAF2, and
SDHA) predisposes mainly to the development of PPGL, but the
recent literature also reported other SDH-related lesions such as
gastrointestinal stromal tumors (GIST), renal cell carcinomas,
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and pituitary adenomas (PA).[4,5] We describe here the case of a
31-year-old patient who presented the uncommon association of
paragangliomas and pituitary adenoma. Informed consent was
obtained from the patient for the purpose of publication.
2. Case presentation

A 31-year-old patient with a known succinate dehydrogenase
enzyme complex D (SDHD) mutation underwent a left
adrenalectomy for an adrenal pheochromocytoma (PHEO) at
the age of 10, which was revealed by hypertensive peaks. He had
a positive family history of SDHDmutation (exon 4, c.315-?_480
+?del) inherited from his father and his two brothers also carry
this mutation. He had a follow-up for a few years after surgery,
but was unfortunately lost to follow up afterwards. He recently
resumed a follow-up in the context of a recurrent hypertension
documented following a car accident for which further
investigations revealed a left adrenal nodule of 11mm associated
with 2 retroperitoneal lymph nodes. A cervical MRI was also
performed and showed a large paraganglioma (PGL) at the right
posterior jugular foramen of 41�44�12mm (Fig. 1A). The
patient was completely asymptomatic except for a bilateral
tinnitus since several years. The plasma fractionated metanephr-
ines were normal. An fluorodeoxyglucose (FDG)-positron
emission tomography (PET) (FDG-PET) was performed and
showed a hypermetabolism of all the lesions, compatible with a
left adrenal PHEO andmultiple PGLs in the context of the known
SDHD mutation (Fig. 1B and C).
Furthermore, a hypermetabolic pituitary lesion was found at

FDG-PET and a pituitary MRI confirmed the presence of a 14
mm pituitary macroadenoma (PA) (Fig. 2A and B). The pituitary
function was normal except for hypogonadotropic hypogonad-
ism: corticotropin (ACTH) stimulation test: cortisol (T0) 190
Figure 1. A:MRI showed a large PGL at the right posterior jugular foramen. B: High
C: FDG-PET: High uptake of an inter-aortico-cave lesion, compatible with a PGL
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nmol/L, (T60) 759nmol/L (N>374nmol/L at T60), insulin-like
growth factor-1 (IGF-1) 192mg/L (N 98–282mg/L), thyroid-
stimulating hormone (TSH): 1.7mU/L (N 0.4–3.1mU/L), free
thyroxine (T4L): 14.2pmol/L (N 12.0–22.0pmol/L), free
triiodothyronine (T3L) 5.2pmol/L (3.4–5.2pmol/L), luteinizing
hormone (LH): 1.26UI/L (N 1.3–5.8UI/L), follicle-stimulating
hormone (FSH): 2.6UI/L (N 1.1–7.2UI/L), testosterone:
5.5nmol/L (N 10.4–26nmol/L), prolactin (PRL): 15.2mg/L
(N 4.0–15.2mg/L). PA was nonsecreting and hypogonadism
was attributed to PA in the context of a macroadenoma.
On examination of the fundus, Frisen Grade IV papilloedema

was found in the right eye and an optic atrophy was noticed in the
left eye. A lumbar puncture confirmed an intracranial hyperten-
sion of chronic evolution with an opening pressure of the
cerebrospinal fluid at 31cm H2O documented during the
procedure (N�15cm H2O). Visual acuity remained normal,
but visual field abnormalities were found bilaterally. An
enlargement of the blind spot and an amputation of the
inferotemporal visual field on the right were noticed. On the
left eye, there was a diffuse alteration of the visual field, but
without enlarging of the blind spot. The patient was evaluated in
neuro-ophthalmology and a diagnosis of Pseudo Foster-Kennedy
syndrome was made. Additional investigations were performed
in order to explore the causes of the intracranial hypertension.
As a result, cerebral venous thrombosis was excluded and
there was no expansive lesion directly compressing the optic
nerves. Moreover, the PA was not compressive to the optic
chiasm. However, a slowing of the venous flow in the right
lateral sinus was suggested by the neuro-ophthalmologist at the
PGL site. The final hypothesis retained for the cause of Pseudo
Foster Kennedy syndrome was an intracranial hypertension due
to a venous compression of the right jugular vein caused by the
PGL. A treatment with acetazolamide was started in order to
uptake on FDG-PET revealing a large PGL at the right posterior jugular foramen.
. MRI=magnetic resonance imaging, PGL=paraganglioma.



Figure 2. A and B: Pituitary adenoma discovered incidentally on PET-FDG and confirmed at MRI. MRI=magnetic resonance imaging.
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improve intracranial hypertension, which stabilized visual field
alterations.
Regarding the management of the left adrenal PHEO and the 2

retroperitoneal PGL, it was decided in tumor board to opt for a
clinical monitoring because of the non-secretory and asymptom-
atic nature of these lesions and to prioritize the treatment of the
right jugular foramen PGL responsible of the intracranial
hypertension. Unfortunately, the patient couldn’t benefit of a
surgical approach; a too high surgical risk and morbidity
associated with the procedure having contraindicated this
approach. The option of radiotherapy was selected and the
patient has been recently treated with stereotactic radiosurgery
(Gamma Knife). A surveillance by MRI of the pituitary adenoma
has been planned. The most recent MRI revealed that the right
jugular foramen PGL is stable and the latest visual assessment
demonstrated stability despite a recent reduction in acetazol-
amide dosage.
3. Discussion

The presence of PGL, PHEO, and PA within the same patient
remains a rare association. The overall prevalence of pituitary
incidentaloma is estimated up to 16% in autopsy and radiologic
studies.[6] PA is a benign tumor and is one of the common causes
of sellar mass. PPGL are much rarer neoplasms and annual
incidence is estimated to be 0.8 per 100,000 person years.[7]

Current data suggest that a hereditary syndrome is found in
about 30% to 40% of the cases, which raises the critical
importance of genetic testing in these patients.[3,8] Mutation of
the SDH subunit genes A, B, C, or D is a known cause of
hereditary PGLwith an autosomal dominant inheritance pattern.
SDH is a tumor-suppressor gene and any mutation in SDH
subunits predisposes to PPGL. SDHD mutation is the most
frequent familial PGL syndrome and is an imprinted gene, PPGLs
occurring mainly in patients who inherited the mutation from
their father. SDHD mutation causes predominantly neck and
skull base PGL, often multifocal and usually benign. The
occurrence of PHEO is less frequent.[8]

Some cases of PA associated to PPGL have been reported in the
literature. The first one, a patient with acromegaly and PHEO has
been described in 1952.[9] The coexistence of PA and SDHD
mutation has been reported for the first time by Xekouki et al in
3

2012. They demonstrated a loss of heterozygosity at SDHD locus
and a reduced SDHDprotein expression in the pituitary adenoma
in a patient with a somatotropic macroadenoma and a known
SDHDmutation.[10] In addition, O’Toole et al reported in 2015 a
compilation of 72 patients with concomitant PA and PPGL from
whom only 5 had a SDHD mutation.[5,10–12] All PA associated
with SDHD mutation were functional macroadenomas.[13]

Besides, even though the data remains little known, some
authors hypothesize that PAs associated with SDH mutations
might behave more aggressively and be more resistant to
treatment.[5,14] In addition, it is suggested that these PAs could
be more frequently prolactinomas and somatotropic adenomas.
In our case, the PA was not secretant and whether SDHD was
expressed or mutated within the tumor unknown since the
patient has not been operated.
Infirst reports, it was thought that the combination of PA and

PPGLwas a simple coincidence, but recent data suggest a possible
association. Interestingly, Gill et al in 2014 studied the incidence
of SDHmutation in 309 PA by immunohistochemistry for SDHA
and SDHB. They found only 1 PA (0.3%) with an abnormal
pattern of staining; this patient had no germline SDH mutation.
They concluded that SDH mutation is a very rare event in an
unselected population with PA.[15] Moreover, in 2015, Xekouki
et al studied the prevalence of SDHx mutation in a cohort of 168
patients with unselected PA. They sought for the association of
PA and PPGL; a condition they named 3P association (3PAs) and
related SDHx germline mutation. Overall, only 1.8% of case of
PA showed an SDHxmutation. Among 146 sporadic cases of PA,
they found 3 cases of 3PAs association and genetic analysis
showed no SDH mutation in these patients. Whereas in 22
familial cases of PA, 4 cases of 3PAs association were identified
and 75% harbored an SDH germline mutation. They suggested
that SDH mutation-associated PAs was more common among
familial cases. They also studied the evolution of the pituitary
gland in SDHB mutated mice and reported that SDHB mutated
mice had more pituitary hyperplasia and a higher proportion of
prolactin and IGF-1 producing cells, suggesting a possible
association between PA and PPGL, probably related to SDH
germline mutation.[5] Furthermore, Dénes et al from a series of 39
patients with sporadic or familial PA and PPGL described 8 cases
of mutation of the SDH complex and both PA and PPGL.[16]

Besides, this series revealed a particular histologic feature in all
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patients with PA and an SDH mutation. They found intra-
cytoplasmic vacuoles in the pituitary tumor, a characteristic that
could be a unique feature in these patients with concomitant PA,
PPGL, and SDH mutation. Taken together, these data suggest
that the association may not be fortuitous. However, these data
need to be confirmed with further research.
In conclusion, these data suggest that the association between

PA and PPGL could be more than just a coincidence in our
patient, the existence of a predisposition to PA in patients with
PPGL and SDHD mutation might be involved, but this finding
needs further investigation.
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