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Abstract
Purpose of review
Neurosarcoidosis occurs in 5% of patients with sarcoidosis and can be difficult to
diagnose. In this review we discuss the most recent advances in our understanding of
the disease, describing clinical characteristics, the diagnostic process, treatment and
prognosis.
Recent findings
Clinical presentation is heterogeneous with most patients presenting with cranial nerve
palsy, headache and sensory abnormalities. Patients are classified according to
probability of the diagnosis according to the Zajicek criteria. In these criteria
histopathological confirmation of non‐caseating granulomas in affected tissue outside
the nervous system is key. Radiological abnormalities on neuroimaging are non‐specific.
No biomarkers have been described that adequately identify patients with sarcoidosis.
However, soluble interleukin‐2 receptor is a relatively novel biomarker and may be
useful. In addition to HRCT scan, 18F‐FDG PET‐CT scanning can identify occult locations
of disease activity and aid in obtaining histological evidence of the disease. Despite the
use of new therapies, still a third of the patients remain stable, deteriorate or die.
Summary
Diagnosing and treating patients with neurosarcoidosis remains a challenge. Long‐term
prospective studies evaluating patients suspected of neurosarcoidosis are needed to
assess sensitivity and specificity of ancillary investigations and the diagnostic criteria.
Furthermore, future studies are needed to evaluate the prognosis and the optimal
treatment strategy.
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Introduction
Sarcoidosis is a multisystem disorder, caused by an exaggerated immune response to
an unknown antigen in genetic predisposed individuals.1 It is characterized by
granulomatous inflammation that can affect every organ system. Involvement of the
nervous system is called neurosarcoidosis. Because of the heterogeneous clinical
presentation and low sensitivity of ancillary investigations, the diagnosis of
neurosarcoidosis can be difficult.
International literature concerning neurosarcoidosis predominantly consists of
retrospective studies and no randomized controlled trials have been performed to
assess treatment strategies.2** In this review we give an overview of the most recent
advances in our understanding of the disease, clinical characteristics, the diagnostic
process, treatment and prognosis.

Epidemiology and risk factors
Sarcoidosis is estimated to occur in 10–65 per 100 000 persons in whom the nervous
system is involved in approximately 5%.1,2**,3 However, in autopsy studies
granulomatous inflammation of the nervous system is seen in up to 25% of patients.4
Neurosarcoidosis affects women slightly more frequently than men (55% vs. 45%) as
was reported in a recent meta‐analysis including 1088 patients with neurosarcoidosis,
with a mean age at presentation of 43 years.2** The cause of sarcoidosis has not yet
been elucidated. Studies show that sarcoidosis occurs in families, with an increased risk
of first‐degree and second‐degree relatives.5 Several alleles in the human leukocyte
antigen (HLA) region are associated with sarcoidosis, supporting the hypothesis that
sarcoidosis manifests after exposure to so‐far unidentified antigens.6 In addition, HLA
typing of patients with sarcoidosis may identify patients with an increased risk for
extra‐pulmonary manifestations, but the clinical utility remains unknown.7 Only one
study reported specific genetic risk factors for neurosarcoidosis.8 In this imputation‐
based fine‐mapping study of the chromosomal region 15q25 in African‐Americans with
neurosarcoidosis, the investigators found ZNF592 to be highly associated in patients
with neurosarcoidosis compared to healthy controls. However, when comparing
neurosarcoidosis cases against sarcoidosis cases without neurological involvement,
they found no association.
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Clinical characteristics
In 69% of patients with neurosarcoidosis, neurological involvement is the first
presenting symptom. A neurological presentation without systemic involvement is seen
in 52% of patients.2** During the disease course, systemic involvement consists of
pulmonary sarcoidosis in 67%, ophthalmological sarcoidosis in 25% and skin and joint
involvement both in 21%.2** Sarcoidosis stays confined to the nervous system in 22% of
the cases.2** Most patients present with more than one neurological symptom and up
to half develop additional neurological symptoms during the disease course.9*
The clinical presentation is heterogeneous and the three most frequently described
presenting symptoms in a meta‐analysis including 1088 patients were cranial nerve
palsy (55%), headache (32%), and sensory abnormalities (29%). Neurological symptoms
consistent with spinal cord involvement were found in 18%, peripheral neuropathy in
17%, aseptic meningitis in 16%, myopathy in 15%, and neuro‐endocrine involvement
in 9%.

Cranial neuropathy
Cranial neuropathy can be caused by direct granulomatous infiltration, increased
intracranial pressure, or basilar aseptic meningitis.10 In one study evaluating cranial
nerve involvement in 305 patients, 44% of patients had involvement of more than one
cranial nerve.11* Cranial nerve palsy mainly consisted of facial nerve (24%) and optical
nerve palsy (21%). It tends to be unilateral, but especially optical, vestibulocochlear,
facial, and trigeminal nerve palsy can manifest bilaterally.11*

Aseptic meningitis
Neurosarcoidosis is an important cause of non‐infectious meningitis and can manifest
with sub‐acute or chronic symptoms.10,12 Symptoms include headache, nuchal rigidity,
or cranial nerve palsy. Hydrocephalus occurs in 9% of patients and is a life‐threatening
complication.2** It can be communicating or noncommunicating, resulting from either
abnormal arachnoid villi absorption, subependymal inflammation, or granulomatous
obstruction.13‐15

Cerebral involvement and mass lesions
A variety of cerebral lesions can be observed in patients with neurosarcoidosis, varying
from dural mass lesions mimicking meningioma’s to multiple or singular parenchymal
nodular lesions.16,17 Symptoms include focal symptoms and seizures. Seizures are
described in 14% of 965 patients.2** Hypothalamic‐pituitary involvement was found in
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9% of 1034 patients.2** In a multicenter study of 24 patients with neurosarcoidosis with
pituitary involvement, the most common hormonal abnormalities were gonadotropin
deficiency (88%), TSH deficiency (63%), and hyperprolactinemia (50%).18

Spinal cord involvement
Common presenting symptoms of spinal cord sarcoidosis are paraparesis, paresthesia,
and bowel, bladder, and sexual dysfunction.19,20* The majority of patients with spinal
cord involvement present with insidious chronic symptoms for more than 2 months.20*

Peripheral neuropathy
Peripheral nerve involvement in neurosarcoidosis is heterogeneous. It includes
mononeuropathy, multiple mononeuropathy and sensory, sensorimotor, or motor
polyneuropathies.21,22 In addition, radiculopathy and polyradiculopathy have been
described.23 It is hypothesized that peripheral neuropathy may occur because of
granulomatous involvement of the nerve directly or in close proximity of blood vessels,
ultimately leading to localized vasculitis and epineurium and/or perineurinum
involvement.21 Small fiber neuropathy is rather common in sarcoidosis as well and is
considered an epiphenomenon as there is no granulomatous inflammation of the small
fibers. This syndrome is not specific for sarcoidosis and is observed in multiple
disorders.

Diagnosis
Two sets of diagnostic criteria have been established: the Zajicek criteria and the
WASOG criteria.17,24‐26 The Zajicek criteria were established in 1999 and modified by
Marangoni et al. and Tavee et al. (Table 2.1). The World Association of Sarcoidosis and
Other Granulomatous Disorders (WASOG) updated their criteria in 2014 (Table 2.2). A
certain (or ‘definite’) diagnosis can only be established by biopsy of affected nervous
system tissue. Frequently, this is either not possible or considered too invasive as for
instance stereotactic brain biopsy has been associated with morbidity in 3.5% and
mortality in 0.7% of patients.17,27,28 Therefore, the diagnostic process is commonly
steered towards performing biopsy outside the central nervous system.24,25
The essence of both sets of criteria is a clinical presentation suggestive for
neurosarcoidosis, characteristic abnormalities in cerebrospinal fluid (CSF), or on MRI,
evidence of noncaseating granulomas, and no evidence of alternative diagnoses.
Sensitivity and specificity of both criteria are unknown. Recent published articles mostly
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use the Zajicek criteria9*,17 The main disadvantage of the WASOG criteria is the
exclusion of peripheral nerve involvement.
Table 2.1

Modified Zajicek criteria.

A clinical presentation suggestive of neurosarcoidosis in which all other diagnoses have been excluded
definite neurosarcoidosis
positive nervous system histology
probable neurosarcoidosis
signs of inflammation in the central or peripheral nervous system on
MRI or CSF (elevated protein, cells, immunoglobulin G indices, or the
presence of oligoclonal bands) compatible with neurosarcoidosis; and
positive histology for a systemic lesion or positive results for at least
18
two of the following tests: F‐FDG PET, gallium scan, chest HRCT,
serum ACE
possible neurosarcoidosis
above criteria are not met
ACE=angiotensin‐converting enzyme; CSF=cerebrospinal fluid; FDG‐PET=fluordoexyglucose positron emission
17,24
tomography; HRCT=high resolution computed tomography. Data from Tavee et al. and Zajicek et al.

Table 2.2

WASOG criteria.

highly probable neurosarcoidosis:
at least 90% likelihood

probable neurosarcoidosis:
a 50‐89% likelihood

possible neurosarcoidosis:
less then 50% likelihood

when clinical signs consistent with granulomatous inflammation of
the meninges, brain, ventricular (CSF) system, cranial nerves, pituitary
gland, spinal cord, cerebral vasculature or nerve routs alongside
imaging characteristics of disease (predominantly MRI gadolineum
enhancement) or a cerebrospinal fluid exam demonstrating
inflammation
isolated facial palsy with negative MRI‐brain or clinical syndrome
consistent with granulomatous inflammation of meninges, brain,
ventricular (CSF) system, cranial nerves, pituitary gland, spinal cord,
cerebral vasculature or nerve routs but without characteristic MRI or
CSF findings
seizure or cognitive decline with negative MRI.

CSF=cerebrospinal fluid. Biopsy of that organ demonstrating granulomatous inflammation of no alternate
cause implies highly probable involvement; another organ has demonstrated granulomatous inflammation of
no alternate cause; alternative causes for the clinical manifestation have been reasonable excluded. Based on
25
Judson et al.

Ancillary investigations
Various serological biomarkers, predominantly ACE and soluble interleukin‐2 receptor
(sIL2r), are associated with sarcoidosis, but none have been established to be
sufficiently accurate to diagnose patients with neurosarcoidosis, although some might
have a role in following disease activity.1 In the meta‐analysis, serum ACE was elevated
in only 35% of 674 patients neurosarcoidosis.2** The value of genotype‐corrected ACE
has not been evaluated in neurosarcoidosis, but in systemic sarcoidosis it does not
improve the diagnostic accuracy considerably.1,29 Serum sIL2r has been considered a
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promising biomarker in sarcoidosis.1 Serum sIL2r was more frequently elevated in
patients with sarcoidosis and extra‐pulmonary involvement compared to healthy
controls and has been shown to predict 18F‐FDG avidity.30,31 However, a study
evaluating serum sIL2r in neurosarcoidosis showed no differences between patients
with neurosarcoidosis and those with tuberculous, bacterial or viral meningitis, multiple
sclerosis, cerebral vasculitis, and healthy controls.32 CSF examination can be useful to
exclude infections and carcinomatous meningitis. Pleiocytosis was found in 58% of 730,
elevated CSF protein in 63% of 729, and normal CSF in 27% of 332 patients.2** CSF ACE
is considered to have a too low sensitivity for the diagnosis of neurosarcoidosis and not
to be associated with disease activity.17,33* Recently, a study was published evaluating
the value of CSF sIL2r and showed that levels above 150 pg/ml identified patients with
untreated neurosarcoidosis with a sensitivity of 63% and a specificity of 93% compared
to non‐infectious neurological diseases.32 However, in another study with patients with
clinically isolated neurosarcoidosis CSF sIL2r was elevated in only 46%.34
Gadolineum enhanced MRI is the first choice imaging modality to assess central
nervous system involvement of sarcoidosis and evaluate disease activity.17
Abnormalities suggestive for neurosarcoidosis includes leptomeningeal enhancement,
tumour‐like lesions, cranial nerve enhancement, and hydrocephalus (Figure 2.1).35*
Spinal cord lesions are most frequently localized intramedullary in 81% of the cases and
the majority extends over three or more spinal segments.19 In the meta‐analysis,
abnormalities suggestive for neurosarcoidosis on cranial MRI were seen in 78% of 362
patients and on spinal MRI in 48% of 185 patients.2**
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Figure 2.1

Abnormalities suggestive of neurosarcoidosis on neuroimaging. Abnormalities on magnetic
resonance imaging (MRI) brain and spinal cord in patients with neurosarcoidosis consisting of
gadolineum enhancement of a spinal cord lesion (A), leptomeningeal enhancement (B),
gadolineum enhancement of dural lesions (C), and gadolineum enhancement of the right facial
nerve (D).

In patients suspected of neurosarcoidosis and no prior history of sarcoidosis, an
extensive systemic work‐up should be performed to obtain a biopsy location outside
the nervous system to achieve histopathological confirmation (Figure 2.2).17,36 The
systemic work‐up should include a high‐resolution CT‐scan (HRCT) and if negative or
when biopsy is negative, a 18F‐FDG PET‐CT should be considered. 18F‐FDG PET‐CT can
reveal occult sites of disease activity outside the central nervous system, even when
serological markers are normal or when other imaging modalities are normal.37 In our
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tertiary referral center, we have evaluated the clinical utility of 18F‐FDG PET‐CT in
patients suspected of neurosarcoidosis and 24 of 110 patients (22%) showed
abnormalities suggestive for sarcoidosis and this led to a biopsy confirmation in 12 of
20 patients (59%; data not yet published). 18F‐FDG PET‐CT should preferably be
performed before treatment with immunosuppressive therapy as this can lower the
sensitivity.38,39

2
D

Figure 2.2

Abnormalities suggestive of neurosarcoidosis on systemic imaging. Abnormalities suggestive of
sarcoidosis on systemic imaging consisting of hilar lymphadenopathy on chest X‐ray (A), hilar
and mediastinal lymphadenopathy on chest CT‐scan (B), and hilar and mediastinal FDG activity
18
on F‐FDG PET‐CT (C and D).

Differential diagnosis and mimics
The exclusion of other differential diagnoses is essential. Diagnoses to consider are
tuberculosis, Behcet’s disease, Sjögren’s disease, granulomatosis with polyangiitis and
eosinophilic granulomatosis with polyangiitis, central nervous system vasculitis,
multiple sclerosis, neuromyelitis optica and malignancies, among others.17,36
As patients are being diagnosed according to probability and confidence of the
diagnosis can be strengthened over time, they may initially be diagnosed with diseases
mimicking neurosarcoidosis, which can present with similar histopathological findings.40
Examples include IgG4‐related disease and a sarcoid‐like reaction due to malignancies
or medication use. IgG4‐related disease can present with a chronic meningitis, cranial
nerve palsy, or pituitary involvement.41 In 2012, consensus was reached that
granulomatous inflammation excluded IgG4‐related disease.42,43 However, recently two
patients presenting with IgG4‐related lymphadenopathy together with granulomas
were described, underlining that in the appropriate clinical context granulomas should
not exclude IgG4‐related disease.44 Sarcoid‐like reactions are described as a
noncaseating granulomatous inflammation, without further evidence for sarcoidosis, in
association with malignancies – most notably a lymphoma or malignancy of the breast
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– or certain medication.45 Tumour necrosis factor alpha (TNF‐α) antagonists can
paradoxically cause a sarcoid‐like reaction, as well as a variety of neurological
symptoms, mimicking neurosarcoidosis.46‐49

Treatment
Since neurosarcoidosis is a rare disease, no randomized, double‐blind, placebo‐
controlled trials have been performed. Treatment options are based on expert opinion
and are derived from evidence in the treatment of pulmonary sarcoidosis.50‐52
Corticosteroids are the mainstay of treatment in neurosarcoidosis. In a meta‐analysis,
83% of 655 patients were treated with corticosteroids during the course of the disease,
although spontaneous remissions do occur and 15% of 655 patients did not receive any
treatment.2** The optimal initial dose of corticosteroids in neurosarcoidosis varies and
depends on disease severity with more aggressive therapy in patients with more severe
disease.17,19,53 In patients with diabetes or obesitas, the dosage of prednisone should be
low and tapered as soon as possible. In these patients second‐line treatment should be
considered early as steroid sparing agent. Prednisolone side‐effects can be significant
and are undesirable.54 Corticosteroid tapering is essential, even though symptoms may
reoccur at lower dosages.24,55,56** Reported treatment response to corticosteroids varies
widely with progression of disease ranging from 24 to 71%.2** Although the short‐term
effect of corticosteroids has been well established, there are limited data beyond
2 years to indicate whether oral steroids have a disease modifying effect on the long‐
term.57 Second‐line treatment is recommended in case of severe disease at
presentation, refractory, or relapsing disease during corticosteroid treatment, when
prolonged treatment with corticosteroids is expected or a primary contra‐indication for
corticosteroids exists.51,53,58,59 Most second‐line therapies (most importantly
methotrexate and azathioprine) need 3‐6 months before a clinical response might be
expected.52 In the meta‐analysis, methotrexate was reported as the most frequently
used second‐line treatment (16% of 655 cases), followed by azathioprine in 8%.2**
Overall, second‐line therapy was used in 27% of 539 patients.2** One study reported a
response rate of 61% in patients treated with methotrexate and corticosteroids, after
corticosteroids monotherapy failed.58 Moreover, the side effects of methotrexate are
less severe compared to other second‐line treatments.60 In pulmonary sarcoidosis, in
addition to methotrexate, azathioprine is commonly used and is reported to have a
similar treatment response and adverse events, except for a higher rate of infection
compared to methotrexate.61 In a recent retrospective study comparing the efficacy of
methotrexate and mycophenolate mofetil (MMF) in neurosarcoidosis, a higher relapse
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rate was observed in patients receiving MMF (11/14 [79%]) compared to methotrexate
(15/32 [47%]). Furthermore, the authors reported a significantly shorter time to relapse
in the MMF group (11 months MMF versus 28 months methotrexate treatment).56**
Third‐line treatment consists of TNF‐α antagonists and cyclophosphamide. In the meta‐
analysis, third‐line treatment was started in 9% of 539 patients.2** Increasingly, patients
are being treated with TNF‐α antagonists.2** A randomized controlled trial conducted in
patients with chronic steroid‐resistant pulmonary sarcoidosis showed a decrease in
extra‐pulmonary involvement after 24‐weeks of treatment.62 In a retrospective study
18 patients with biopsy proven neurosarcoidosis were treated with infliximab, of whom
16 patients did not respond to at least one immunosuppressant drug in addition to
corticosteroids (including 11 patients after cyclophosphamide treatment). At 6 months
after initiation of infliximab treatment, 33% had a complete remission, 56% a partial
remission, and stable disease was observed in 11%.63** Other case reports and case
series also reported beneficial effects of TNF‐α antagonists in refractory
neurosarcoidosis, not responding to other agents.64‐78 When treating patients with
long‐term infliximab, anti‐infliximab antibodies formation can lead to treatment
failure.79 Therefore, concomitant methotrexate treatment is strongly recommended as
this has been shown to be efficient in reducing immunogenicity in a dose‐dependent
manner.80,81 Recently, responsiveness to TNF‐α antagonists has been associated with
the TNF‐α G‐308A polymorphism.82 Cyclophosphamide is recommended as a third‐line
treatment option in severe disease, refractory to other cytotoxic agents because of a
similar reported treatment response and its high toxicity.58,83 There is widespread
recognition that new therapeutic options should be developed for sarcoidosis. A better
insight into the advantages and disadvantages of second‐line and third‐line treatment is
important. The long‐term effects of immunosuppressive agents, the optimal starting
and maintenance dosages, and the best interval and discontinuation regimens should
be elucidated. Identified associations of polymorphisms with treatment response
suggest a step towards personalized medicine.82 Future research should focus on the
role for pharmacogenetics and phenotypic predictors of treatment response and
toxicity.84 Neurosurgical intervention may be needed for obstructive hydrocephalus.14,85
In our cohort study we described this treatment in 3 of 52 patients (6%).9* Furthermore,
especially in extramedullary involvement spinal decompressive surgery can be
indicated.86 Cranial mass lesions have been described to respond to radiation therapy,
although this is not recommended as standard treatment.50 Symptomatic treatment
consists of anti‐epileptic medication and hormonal substitution among others.2**
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Prognosis
In the meta‐analysis outcome could be assessed in 415 patients and showed complete
remission in 27%, incomplete remission in 32%, stable disease in 24%, and
deterioration in 6%.2** Mortality was reported in 42 of 826 patients (5%). Despite the
increased usage of second‐line and third‐line therapy, still a third of the patients remain
stable, deteriorate or die.2** Our experience suggests that neurosarcoidosis is a chronic
disease with 71% of 52 patients having residual symptoms at the end of follow‐up,
leading to functional impairment in 29%.9* Neurological involvement in conjunction
with lung involvement is associated with an increased mortality (hazard ratio=4.18; 95%
confidence interval 1.44‐12.1).3 Patients with neurosarcoidosis more often have a
chronic disease course compared to other forms of sarcoidosis (odds ratio=19.24).87

Conclusion
Diagnosing and treating patients with neurosarcoidosis remains a challenge. Recent
advances have mainly been made by combining all the available data to shed light on
the prevalence of neurosarcoidosis and its manifestations. Currently, a national
neurosarcoidosis registry in the Netherlands is being conducted to prospectively
describe the various manifestations of neurosarcoidosis. Furthermore, recent studies
have described the use of CSF sIL2r and 18F‐FDG PET‐CT, which may be useful in the
diagnostic process. Long‐term prospective studies evaluating patients suspected of
neurosarcoidosis are needed to assess sensitivity and specificity of ancillary
investigations and the diagnostic criteria. Furthermore, future studies are needed to
evaluate the prognosis and the optimal treatment strategy.
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