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ABSTRACT
Sarcoidosis is a non-caseating, granulomatous inflammatory disorder that can affect the central nervous
system (CNS), including the hypothalamic–pituitary region, although rarely. The clinical manifestations
of hypothalamic–pituitary neurosarcoidosis are heterogeneous and require a prompt diagnosis to
ensure the most appropriate treatment. We have reviewed the cases of neurosarcoidosis affecting the
hypothalamic–pituitary axis published since 2002 and compared them with the cases reported in
the literature up to 2002, which were previously meta-analysed by our research group. Since 2002, 64
cases were identified in the literature: 37 cases presented with diabetes insipidus, 36 were found to have
secondary amenorrhoea, 30 with hypogonadotropic hypogonadism, 17 with hyperprolactinaemia, 15 with
thyroid-stimulating hormone deficiency, and 8 cases of panhypopituitarism. Uncommon manifestations
included hyperphagia, sudden death, and thermodysregulation. We confirm that neurosarcoidosis
affecting the hypothalamic–pituitary axis is an uncommon manifestation of sarcoidosis. Neither changes
in the clinical manifestations and diagnosis nor significantly novel management options have appeared in
the last decade. While it is a rare disorder, the involvement of the CNS is an indication to treat sarcoidosis
and as the symptoms of CNS involvement, including hypothalamic–pituitary alterations, may precede
the diagnosis of sarcoidosis, it is important to include neurosarcoidosis in the differential diagnosis of
hypothalamic–pituitary axis dysfunction in order to facilitate prompt and appropriate treatment.
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INTRODUCTION
Sarcoidosis is a multisystem, non-caseating,
granulomatous inflammatory disorder, the aetiology
of which is not fully understood.1 The term was
first used by a Norwegian dermatologist describing
skin lesions in 1899, but these lesions can affect
almost any organ, including the nervous system.2 It
is most prevalent among Northern European and
African-American populations, more common in
females, and more than two-thirds of cases present
between the ages of 25 and 45 years.3 In Japanese
and Northern European populations, there is a
second peak of incidence in female patients over
50 years and extrapulmonary manifestations
are more common in this subset.3 It is typically a
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sporadic phenomenon, but familial links have been
reported in 3.6-9.6% of cases, with the siblings of
the index case at higher risk than parents.4
Sarcoidosis is thought to be caused by a
combination of environmental factors in genetically
susceptible individuals, possibly as an exaggerated
response to an unknown antigen.3 This theory
is suggested by clusters of increased incidence
reported in relation to an identifiable exposure,
as demonstrated recently by the high incidence
in emergency responders who worked in the
aftermath of the World Trade Center attack in 2001.5
The most common clinical manifestations of
sarcoidosis include persistent cough, fatigue,
and incidental findings on chest radiograph, with

EMJ EUROPEAN MEDICAL JOURNAL

51

over 90% of cases affecting intrathoracic lymph
nodes, lungs, skin, or eyes.2 A clinically evident
neurological involvement is less common, while
there is evidence of central nervous system (CNS)
involvement at post-mortem in up to 25% of cases
who underwent autopsy.2 Only approximately
5-10% of patients with a diagnosis of sarcoidosis
will present with neurological symptoms.6 However,
neurosarcoidosis in isolation is very uncommon,
making up approximately 1% of cases.7 The CNS
manifestations of sarcoidosis can range from
cranial nerve palsy, which occurs in over 50% of
cases, to more unusual clinical presentations such
as leptomeningitis, neuropsychiatric symptoms,
spinal cord disease, and neuroendocrine alterations
in the form of hypothalamic–pituitary dysfunction.7
These symptoms may precede the diagnosis of
sarcoidosis in a relevant number of cases.2 This
point further highlights the importance of including
neurosarcoidosis in the differential diagnosis of
hypothalamic–pituitary disorders, especially if an
infiltrative disease is suspected.

has been reported as mimicking a pituitary mass,
although this is a much less common
event.8 Endocrine disturbances occur in 2-26%
of neurosarcoidosis cases,7 most commonly
causing diabetes insipidus, galactorrhoea, and
amenorrhoea.7,9 Based on post-mortem findings
from patients with hypothalamic–pituitary failure,
it was initially thought that the sarcoid infiltration
of the hypothalamus and/or the pituitary gland
can lead to the partial or total destruction
of the tissues.10 However, later studies using
neuroimaging and dynamic functional testing of
the hypothalamic–pituitary hormonal axis showed
that
neurosarcoidosis-related
hypopituitarism
is mostly secondary to the infiltration of the
hypothalamus.9 Although rare, the hypothalamus
is the endocrine gland most frequently involved
in sarcoidosis.11
A review article published by our research
group in 2002 described the endocrine effects
of neurosarcoidosis in 91 reported cases from
1943-2002, which represented all published
cases to date.12 The range of age of presentation,
distribution across different age intervals, and
female-to-male ratio were similar between
systemic
sarcoidosis
and
neurosarcoidosis.
Hypogonadotropic
hypogonadism,
diabetes
insipidus, polydipsia, amenorrhoea, and anterior
pituitary failure were the most common endocrine
manifestations. Changes in thirst without evidence
of diabetes insipidus and altered thermoregulation,
appetite, and body weight were the hypothalamic
disturbances more frequently reported.

ENDOCRINE MANIFESTATIONS OF
NEUROSARCOIDOSIS
Hypothalamic–pituitary
sarcoidosis
is
often
asymptomatic, at least in some stages of the
disease, and may be incidentally discovered on
dynamic endocrine testing after the detection
of unexplained, abnormal hormone levels, or
can present clinically in the form of endocrine
dysfunction secondary to the hypothalamic and/
or pituitary infiltration. Occasionally, the disease

Table 1: Reported cases of neurosarcoidosis with endocrine dysfunction from 2002 to 2014.
Frequency, n
(N=64)1,18,19,23-44

Incidence, %
(previously reported incidence, %)12

Diabetes insipidus

37

57 (37.3)

Amenorrhoea

36

56% of females (58.7% of females)

Hypogonadotropic hypogonadism

30

46 (38.5)

Hyperprolactinaemia

17

27

Thyroid-stimulating hormone deficiency

15

24

Panhypopituitarism

8

13

Adrenal insufficiency

2

3 (2.2)

Sudden death

2

3

Hyperphagia

2

3 (2.2)

Thermodysregulation

1

2 (4.4)

Clinical manifestation
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The anterior pituitary failure can be associated
with hypothalamic sarcoid lesions or, less frequently,
with the direct infiltration of the pituitary gland
itself by granulomatous lesions.13 It has also been
occasionally reported as a result of an intrasellar
mass.8 In this instance, biopsy and histological
confirmation may be required. The hypothalamic
involvement frequently presents with polyuria
and polydipsia. This can occur as a result of
diabetes insipidus or a disturbance in thirst
control.9 Hyperprolactinaemia is also seen relatively
often
in
hypothalamic–pituitary
sarcoidosis,
occurring in up to one-third of cases and being
due to the infiltration of the pituitary stalk, which
leads to the loss of the dopaminergic control of
prolactin secretion.12 However, other manifestations,
including hypothyroidism, adrenal insufficiency,
growth hormone deficiency, impaired response
to hypoglycaemia,14 and hypothalamic features
such as weight change due to disruption of the
satiety centres, increased somnolence, personality
changes, and thermodysregulation are rarer features
of neurosarcoidosis.9
We have reviewed the literature since 2002 for
case reports and case series of neurosarcoidosis
causing endocrine dysfunction. In total, we
identified 64 cases of neurosarcoidosis affecting
the hypothalamic–pituitary axis, the details of which
are summarised in Table 1. We reviewed the cases
with reported changes in hypothalamic–pituitary
function in a similar fashion to the previous work
done by our group.12 A total of 155 cases were
identified by the two reviews, which used similar
selection methods. Comparing the findings
with the former data,12 diabetes insipidus is still
the most common endocrine manifestation of
neurosarcoidosis and presents in more than
half of the reported cases. Amenorrhoea,
hyperprolactinaemia,
and
hypogonadotropic
hypogonadism are commonly seen, whereas
other manifestations such as thyroid or adrenal
dysfunction and impaired thermoregulation are
much less frequent. This pattern of involvement is
consistent with smaller retrospective studies.

DIAGNOSIS
Three criteria necessary to make a diagnosis of
sarcoidosis were set down in 1999 by the American
Thoracic Society, European Respiratory Society,
and the World Association of Sarcoidosis and other
Granulomatous Disorders.15 Firstly, the clinical and
radiological manifestation; secondly, the histological
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evidence of non-caseating granulomata; and
thirdly, the absence of other conditions that have
the potential to cause granulomatous lesions. As
per the proposed diagnostic algorithm, the biopsy
site is determined by the most easily accessible
involved area, ideally peripheral nodes or
cutaneous lesion.6 If no superficial skin lesion,
peripheral node, or conjunctival deposit is
present or suitable for biopsy, ultrasound-guided
endobronchial or transbronchial biopsy combined
with bronchoalveolar lavage are suggested.6 In
some cases, the use of fluorodeoxyglucose
(18F-FDG) positron emission tomography (PET)
can help to localise occult sites amenable to biopsy,
in addition to its use in assessing disease activity.6
Histological confirmation of the diagnosis presents
a challenge in the case of neurosarcoidosis
because a biopsy is not always practical or
sufficiently safe. Zajicek and colleagues proposed
a classification system for the diagnosis of
neurosarcoidosis, dividing it into ‘definite’,
‘probable’, and ‘possible’.16 The diagnosis of
neurosarcoidosis is therefore often based on
the presence of supporting evidence other than
histological factors, such as cerebrospinal fluid or
magnetic resonance imaging (MRI) findings.6,16 A
less invasive method for establishing a probable
diagnosis may be preferred and a biopsy is rarely
performed in the case of neurosarcoidosis, with
cerebrospinal fluid analysis, MRI, electromyography,
and assessment of the hypothalamic–pituitary
axis representing the preferred diagnostic
investigations.6 However, nervous system biopsy
may be pursued in cases requiring a definite
diagnosis and in the absence of a systemic positive
biopsy result.17 Lumbar puncture commonly
reveals elevated cerebrospinal fluid protein, a
mild-to-moderate lymphocytic pleocytosis, and
sometimes shows the presence of oligoclonal
bands. Cerebrospinal fluid angiotensin-converting
enzyme (ACE) levels have a high overall specificity,
although they have poor sensitivity and can
be elevated during infectious and malignant
processes, which limits their usefulness.17 While
the combination of these findings is suggestive
of neurosarcoidosis, lumbar puncture to obtain
cerebrospinal fluid for analysis is most useful for
excluding infections or malignancy, rather than
confirming the presence of neurosarcoidosis.17
Other investigations include measurement of
serum ACE levels and Kveim testing. However,
despite low false-positive rates, Kveim testing
remains predominantly a research tool for
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logistical reasons and due to risk of infection
transmission.18 Serum ACE is elevated in a relatively
small proportion of neurosarcoidosis cases in the
absence of systemic involvement, and is therefore
of limited use for its diagnosis.17 Indeed, serum
ACE levels have been described in the literature as
not accurate enough for the purpose of diagnosis
or monitoring sarcoidosis activity due to poor
sensitivity and specificity.2,6 One retrospective
study of 24 patients with hypothalamic–pituitary
neurosarcoidosis noted a normal serum ACE level
in two-thirds of cases, compared with only 27%
of controls represented by sarcoidosis patients
without hypothalamic–pituitary manifestation.18
It has been reported that chest X-ray looking for
the presence of bihilar lymphadenopathy in cases
of suspected neurosarcoidosis has a superior
diagnostic yield to the measurement of serum
ACE levels.17 In one review of 30 cases of
neurosarcoidosis published in 2009, 48% of
patients had abnormal chest X-ray scans at
presentation, with over half presenting with the
classical finding of hilar adenopathy, and the same
review found no consistent biochemical changes
in the patients reviewed with specific reference to
serum ACE and calcium.19 Hypercalcaemia
in sarcoidosis is related to hydroxylation of
1,25-dihydroxyvitamin D3 by sarcoidal macrophages,
and can be reinforced by sunlight exposure.2 One
study of 24 sarcoidosis patients with hypothalamic–
pituitary involvement noted hypercalcaemia in
only 12% of cases.18 While the follow-up for
patients with sarcoidosis includes monitoring of
serum calcium on a 6-monthly-to-annual basis,6
we do not currently find any evidence to suggest
a specific correlation between hypercalcaemia
and neurosarcoidosis.
MRI with gadolinium is currently the most
commonly employed imaging modality and is
superior to computed tomography for assessing
hypothalamic involvement, which is typically
reported as a cystic or enhancing mass, or
thickening of the infundibulum with or without
basilar
leptomeningeal
involvement.19
While
contrast-enhanced MRI is a sensitive method of
diagnosing neurosarcoidosis, it is not specific and
the differential diagnosis includes tuberculosis,
lymphoma, Langerhans cell histiocytosis, and
metastatic deposit.19 It is important to note that
MRI of the brain can be normal, especially in
patients who have already received corticosteroid
treatment.20 In one case series of neurosarcoidosis,
11% of patients had a normal MRI scan of the
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brain.1 Up to 50% of patients with hypothalamic–
pituitary sarcoidosis can be radiologically normal.17
In this scenario, 18F-FDG PET may also prove useful
for visualising areas of neurological involvement
not seen by MRI.21

MANAGEMENT
The natural history of sarcoidosis is variable. About
50% of patients experience spontaneous remission
within 2 years and the incidence of relapse in this
population group is quite rare.6 There have been a
number of attempts to devise a scoring system to
guide which patients will require treatment and for
how long. However, none of these scoring systems
are internationally validated to date. A correlation
between radiographic stage at diagnosis and
likelihood of progressing to chronic sarcoidosis
has been proposed. Broadly speaking, systemic
therapy is warranted in cases with a risk of
permanent damage to major organs or disabling
systemic symptoms, which extends to cardiac,
renal, or neurological involvement, symptomatic
hypercalcaemia, or ocular involvement which fails
to respond to topical therapy.6
The involvement of the CNS is certainly
an
indication
for
commencing
treatment.
Corticosteroids, namely prednisone, are the first
line of therapy for severe sarcoidosis of any organ
system.6,11,22 In the case of neurosarcoidosis, higher
initial doses of prednisone are warranted (1 mg/kg
once daily).6,22 Occasionally, intravenous high-dose
pulse methylprednisolone can be administered.22
Corticosteroid therapy should be maintained at
high dose for 6-8 weeks before slowly tapering
the dose as tolerated.17 It is generally recommended
that the treatment continues for a minimum of
12 months in order to reduce the risk of relapse,
although this time course varies depending on
the clinical evolution,6 and sometimes it can be
difficult to wean patients with neurosarcoidosis off
corticosteroids completely.17 In these cases, or cases
of relapse occurring during weaning, second-line
cytotoxic or biologic agents may be considered.17
Relapse is more common in neurosarcoidosis than
in cases where sarcoid affects other sites, with
reports of relapse rates of 20-50%.7
A case series of 54 patients with neurosarcoidosis
published in 2009 reported that over twothirds required maintenance immunosuppression.1
Methotrexate is currently the preferred second-line
option for steroid-resistant sarcoidosis, or can be
used as a steroid-sparing agent.6 Tumour necrosis
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factor alpha (TNFα) plays an important role in the
formation of granulomata.2 Data from retrospective
studies have suggested that TNFα antagonists,
in particular infliximab, may have an increasing role
in the management of neurosarcoidosis, in addition
to their role in the management of steroid-refractory
pulmonary sarcoidosis. Their use is limited, however,
by an increased risk of infection, in particular
reactivation of tuberculosis, and an increased risk
of malignancy.6 A case series published in 2007
advocated using a combination of corticosteroids
with a second immunomodulatory agent in cases
deemed to be at high risk of permanent disability
from the initiation of therapy.22 Unfortunately, in
the majority of cases of hypothalamic–pituitary
sarcoidosis, the immunosuppressive therapy does
not appear to restore the compromised endocrine
functions or improve diabetes insipidus,18 and
therefore hormone replacement regimes often need
to be implemented. Dopamine agonists can be
required for the treatment of hyperprolactinaemia.18

CONCLUSION
Endocrine dysfunction is a relatively rare
manifestation of neurosarcoidosis, which is an
uncommon clinical condition. Altogether, a total of
155 cases of neurosarcoidosis with hypothalamic–
pituitary involvement have been described in the
literature. Diabetes insipidus, hyperprolactinaemia,
hypogonadotropic
hypogonadism,
and
amenorrhoea represent the most frequently
observed
endocrine
manifestations
of
neurosarcoidosis. For the most part, the endocrine
changes occur in previously undiagnosed
cases of neurosarcoidosis, which highlights the
importance of the inclusion of this condition
in the differential diagnosis when investigating
hypothalamic–pituitary
dysfunction,
especially
if an inflammatory and/or infiltrative disorder is
suspected. Although, in the majority of cases,
treating hypothalamic–pituitary neurosarcoidosis
does not result in endocrine functions returning
to normal, the involvement of the CNS remains an
indication for treatment and, therefore, a correct
and timely diagnosis should be ensured.
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