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Management of neurosarcoidosis: a clinical challenge
Mareye Voortman a,b,c, Marjolein Drent a,c,d, and Robert P. Baughman e

Purpose of review
Sarcoidosis is a complex disease with many faces, and the clinical manifestation and course of
neurosarcoidosis are particularly variable. Although neurosarcoidosis occurs in up to 10% of sarcoidosis
patients, it can lead to significant morbidity and some mortality.
Recent findings
Three criteria are usually required for a diagnosis of (neuro)sarcoidosis: clinical and radiologic
manifestations, noncaseating granulomas, and no evidence of alternative disease. Recent guidelines have
helped to clarify criteria for diagnosing neurosarcoidosis. No firm guidelines exist on whether, when, and
how treatment should be started. Treatment depends on the presentation and distribution, extensiveness,
and severity of neurosarcoidosis. As regards evidence-based treatment, only a few randomized controlled
trials have been done. Hence, several aspects of (neuro)sarcoidosis management are not fully addressed
by the current literature.
Summary
Significant advances have been made in the potential and accuracy of diagnostics for neurosarcoidosis.
Treatment should be approached within the context of the patient’s anticipated clinical course, avoidance
of adverse drug effects, and, if necessary, from the perspective of the comprehensive management of a
chronic disease. A multidisciplinary approach to the management of sarcoidosis is strongly recommended.
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INTRODUCTION
Sarcoidosis is a multisystem inflammatory disorder
characterized by the formation of noncaseating
granulomas in various organ systems, mainly the
lungs and the lymphatic system. Although the pathogenesis of sarcoidosis has not been fully elucidated,
environmental and genetic factors may contribute
substantially to its pathogenesis, leading to an exaggerated granulomatous reaction. Sarcoidosis occurs
throughout the world, affecting all races and ages
[1]. The clinical manifestation, natural history, and
prognosis of sarcoidosis are highly variable. It can
occur at almost any site in the body and most
patients report disabling impairments, especially
those with chronic disease [2]. Neurosarcoidosis
occurs in 5–10% of patients with sarcoidosis, rates
which are not influenced by race or sex [3–5]. The
clinical manifestations of neurosarcoidosis are also
heterogeneous, as granulomas can affect any part of
the nervous system, such as the meninges, brain,
cranial nerves, spinal cord, and peripheral nerves
[6,7 ]. Cranial neuropathy is the most common
manifestation, with facial nerves being most commonly affected, and is seen in 50–70% of cases of
neurosarcoidosis [6,7 ].
&&

&&

The epidemiological assessment of sarcoidosis
and its manifestations is problematic, because of the
lack of consistent case definitions, lack of sensitivity
and specificity of diagnostic tests, variable diagnostic intensity, and variable diagnostic methods. Here
we discuss the diagnostic approach and treatment
of neurosarcoidosis.
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KEY POINTS
 Neurosarcoidosis is a heterogeneous disease that
imposes a significant burden on patients’ lives.
 18F-FDG PET-CT may be helpful in identifying
extraneural sarcoidosis localizations to confirm a
tentative diagnosis of neurosarcoidosis.
 Although there is no diagnostic gold standard for SFN,
patients may benefit from a diagnosis of SFN, even in
absence of a specific treatment.
 The management of sarcoidosis patients should focus
not only on organ-related symptoms but also on the
increased burden of concomitant symptoms including
SFN-associated symptoms.
 Although corticosteroids are still the first-line treatment
for sarcoidosis, long-term second or third-line therapy is
often required.
 Relapses of neurosarcoidosis are frequent, despite
the use of an immunosuppressive drug in addition to
corticosteroids.

DIAGNOSTIC APPROACH TO
NEUROSARCOIDOSIS
Although the diagnosis of sarcoidosis is a complex
procedure and can be difficult for clinicians, the
potential and accuracy of diagnostics for sarcoidosis,
especially to assess organ involvement, have been
improved in recent decades. However, there is still
no single diagnostic test for sarcoidosis. The finding
of granuloma in a single organ is not specific for this
disease, as many other conditions can cause granulomas. According to the joint statement of the
American Thoracic Society, the European Respiratory Society, and the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG),
three criteria are usually required for a diagnosis of
sarcoidosis: typical clinical and radiologic manifestations, noncaseating granulomas, and no evidence
of alternative disease [8]. In case of suspected sarcoidosis, the diagnostic procedures aim to accomplish the following goals: provide histological
confirmation of the disease; evaluate the extent
and severity of organ involvement; assess whether
the disease is stable or likely to progress; and determine if the patient will benefit from treatment.
The presence of specific clinical features, especially multiorgan involvement, can enhance the
diagnostic certainty. The WASOG recently developed criteria for categorizing sarcoidosis organ
involvement as ‘highly probable,’ ‘at least probable,’
or ‘possible.’ The WASOG instrument provides
a structured system for identifying the clinicoradiologic findings in patients with sarcoidosis
476
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and may standardize organ involvement reporting
for patients with sarcoidosis [9]. Bickett et al. [10]
developed the Sarcoidosis Diagnostic Score to summarize the clinical features of patients with possible
sarcoidosis. For each organ, it allocates points if the
organ has a positive biopsy (5 points), if one or more
features are consistent with highly probable organ
involvement (3 points), or at least probable organ
involvement (2 points). The resulting Sarcoidosis
Diagnostic Score was found to have high sensitivity
and specificity [10]. This score can be used to support the clinical diagnosis of sarcoidosis referred
to in Fig. 1. Confirmation by other studies may
establish the value of this scoring system.
Patients with suspected neurosarcoidosis require
a careful assessment of the systemic manifestations
and neurologic evaluation. As sarcoidosis is a multiorgan disease, a diagnosis of neurosarcoidosis does
not rest merely on neurologic features. Table 1 lists
the routine testing recommended for suspected neurosarcoidosis patients as part of their initial evaluation; chest imaging is part of this evaluation. The
chest radiographic finding of bilateral hilar adenopathy with right paratracheal involvement makes
sarcoidosis highly probable [11,12]. Recently, it
was shown that high-resolution computed tomography (HRCT) was superior, and therefore preferable, to chest radiography for evaluating the features,
pattern and distribution of the parenchymal lesions
and mediastinal lymph nodes, as well as for assessing the stage and activity of the disease and aiding
the detection of subtle parenchymal lesions which
are liable to be missed on conventional imaging
[13]. Characteristic findings are nodular infiltrates
with bronchovascular and subpleural distribution,
thickened interlobular septa, architectural distortion, and conglomerate masses originating from
the coalescence of nodules in the perihilar, peribronchovascular, or subpleural regions [14]. Fluorodeoxyglucose positron emission tomography/
computed tomography (FDG PET/CT) can be useful
in cases in which other imaging modalities have
been unsuccessful in detecting sarcoidosis activity.
FDG PET/CT is mainly used for the detection of
extraneural localizations and the identification of
extraneural biopsy sites [15–19]. The brain can be
included in whole body PET/CT examinations with
only marginal increases in examination time and
radiation dose (because of the extended field of lowdose CT scanning) [20]. The intense physiologic
uptake in the brain limits accurate evaluation of
brain lesions. However, the FDG PET findings may
provide the first suggestion of a diagnosis of sarcoidosis involving only neurologic symptoms.
Depending on the part of the brain involved, a
sarcoidosis lesion can be hypo or hypermetabolic. In
Volume 32  Number 3  June 2019
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FIGURE 1. Approach to diagnosis of neurosarcoidosis.

contrast, spinal cord lesions appear as hypermetabolic because the basal metabolism of the spinal
cord is one-third that of the cerebral gray matter.
Its capability to depict metabolic changes also
enables FDG PET to be used to monitor therapy
before morphologic changes are detected with
conventional imaging [21]. Novel PET strategies,
Table 1. Recommended tests for initial evaluation of
sarcoidosis
Type of evaluation
History (occupational and environmental exposure, symptoms)
Physical examination
Chest imaging: HRCT or PET-CT
Pulmonary function tests: spirometry and carbon monoxide diffusion
capacity (respiratory symptoms)
Laboratory diagnostics
Peripheral blood counts: white blood cells, red blood cells,
platelets
Serum chemistries: calcium, liver enzymes, creatinine, blood urea
nitrogen, ACE and sIl2R
Electrocardiography
Routine ophthalmologic examination
Tuberculin skin test or Quantiferon Gold
ACE, angiotensin converting enzyme; HRCT, high-resolution computer
tomography; PET-CT, positron emission tomography-computer tomography;
sIL2R, soluble interleukin 2 receptor.

to overcome the limitations of FDG, have recently
been introduced, including imaging of somatostatin
receptors or C-X-C motif chemokine receptor
(CXCR4), which are overexpressed on the cell surface of activated macrophages [22,23]. Given the
specific nature of their signal, these tracers might
be used in cardiac and neurosarcoidosis, as these
organs have an intense physiologic uptake of FDG. It
might thereby be possible to directly assess the
extent of inflammatory activity, localize sites of
activity, and monitor response to therapy. Further
studies are needed to evaluate this new PET strategy
for neurosarcoidosis.
In patients for whom extraneural tissue is
needed to identify granulomas, bronchoscopy can
provide multiple options for diagnosing sarcoidosis.
These include bronchoalveolar lavage, endobronchial biopsy, transbronchial lung biopsy, cryobiopsy, and endobronchial ultrasound fine-needle
aspiration. These tests are complementary and the
combination of tests is superior to performing any
single test [24,25]. Although bronchoscopy is often
performed in patients with pulmonary disease, a
recent study among patients presenting with manifestations of suspected cardiac sarcoidosis without a
prior history of lung disease demonstrated that lung
and mediastinal lymph node biopsies confirmed
extracardiac sarcoidosis in 58% of patients, and
bronchoalveolar lavage cellular analyses were
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Table 2. Diagnostic criteria for neurosarcoidosis (central
and peripheral nervous system involvement) [7 ]
&&

Possible
The clinical presentation and diagnostic evaluation suggest
neurosarcoidosis, as defined by the clinical manifestations and
MRI, CSF, and/or EMG/NCS findings typical of granulomatous
inflammation of the nervous system and after rigorous exclusion
of other causes
There is no pathological confirmation of granulomatous disease
Probable
The clinical presentation and diagnostic evaluation suggest
neurosarcoidosis, as defined by the clinical manifestations and
MRI, CSF, and/or EMG/NCS findings typical of granulomatous
inflammation of the nervous system and after rigorous exclusion
of other causes
There is pathological confirmation of systemic granulomatous
disease consistent with sarcoidosis
Definite
The clinical presentation and diagnostic evaluation suggest
neurosarcoidosis, as defined by the clinical manifestations, MRI, CSF,
and/or EMG/NCS findings typical of granulomatous inflammation of
the nervous system, after rigorous exclusion of other causes
The nervous system abnormality is consistent with neurosarcoidosis
Type a. Extraneural sarcoidosis is evident
Type b. No extraneural sarcoidosis is evident (isolated
neurosarcoidosis)
CSF, cerebrospinal fluid; EMG, electromyography; MRI, magnetic resonance
imaging; NCS, nerve conduction studies.

suggestive of extracardiac sarcoidosis in 67% of
patients, even those without abnormalities on preliminary HRCT [26]. Hence, the use of bronchoscopy in patients with extrapulmonary disease, even

with normal CT scans, can be helpful in diagnosing
sarcoidosis [26,27].
Diagnostic criteria for neurologic involvement
in sarcoidosis patients have been developed by neurologists and general sarcoidosis experts [7 ,9]. The
Neurosarcoidosis Consortium Consensus Group, an
expert panel of physicians experienced in the management of patients with sarcoidosis and/or neurosarcoidosis, engaged in an iterative process to define
neurosarcoidosis, and developed a practical clinical
diagnostics approach for patients with suspected
neurosarcoidosis. The resulting consensus clinical
definition of neurosarcoidosis aimed to enhance the
clinical care of patients with suspected neurosarcoidosis and to encourage standardization of research
initiatives to address this disease manifestation.
The authors identified criteria indicating possible,
probable, or definite neurologic involvement (see
Table 2).
Gadolinium-enhanced MRI is the modality of
choice for the diagnosis of neurosarcoidosis. The
abnormalities seen at MRI include periventricular
white matter lesions, meningitis or meningoencephalitis, solid parenchymal enhancing lesions,
cranial neuritis, and myelopathy [28,29]. As bone
sarcoidosis often involves the spine, patients undergoing MRI scanning for back pain or radiculopathy
may be found to have an infiltrative lesion [30].
Such an MRI pattern is often confused with malignancy and in some cases a bone biopsy may be
required to confirm sarcoidosis [31].
Figure 1 illustrates the approach to diagnosing
neurosarcoidosis. In Table 3 the prevalence of
&&

Table 3. Summary of the prevalence of various neurosarcoidosis manifestations or site of neurological involvement of
neurosarcoidosis and associated comments [7 ,32,33]
&&

Neurosarcoidosis manifestationa

Prevalence

Comments

Cranial nerve palsy

31–55%

Facial and optic nerves are the most commonly affected; uni or bilateral involvement

Chronic aseptic meningitis

16–37%

Subacute or chronic lymphocytic meningitis; dural involvement including
pachymeningitis, dural mass mimicking meningioma

Spinal cord disease/myelitis

18–23%

Subpial intramedullary lesions, typically longitudinally extensive; myelitis
predilection cervicothoracic

Cerebral parenchymal disease

21%

Neuroendocrine (hypothalamopituitary) involvement

6–9%

Hydrocephalus
Cerebral infarction
Peripheral nervous system

9–10%
6%
17%

Small cortical or periventricular white matter lesions; mimicking multiple sclerosis or
micro-ischemic lesions, larger solitary aggregates of granulomas can masquerade
as neoplasms
Hormonal disturbances including hypothyroidism, hypogonadism,
panhypopituitarism, SIADH
Communicating and noncommunicating hydrocephalus; combination with
leptomeningeal enhancement along the skull base
Stroke can be because of in situ thrombosis, compression of a large vessel by a
granulomatous mass, sinovenous thrombosis, and intracerebral hemorrhage
Large fiber involvement: most commonly axonal distal sensorimotor polyneuropathy
or asymmetric polyradiculoneuropathy (nonlength dependent distribution)

SIADH, syndrome of inappropriate antidiuretic hormone.
a
one individual patient can have one or more neurosarcoidosis manifestation(s).

478

www.co-neurology.com

Volume 32  Number 3  June 2019

Management of neurosarcoidosis Voortman et al.

FIGURE 2. A 36-year-old man, presenting with numbness in both arms and cervical pain. MRI showed a cervical myelitis
(C3–C5, arrows). Bilateral mediastinal lymph-adenopathy was seen on a chest X-ray and the diagnosis sarcoidosis was confirmed
with an endobronchial ultrasound fine-needle aspiration (EBUS-FNA).

various manifestations of neurosarcoidosis including myelitis (see Fig. 2) are summarized. For a
patient with neurologic signs and symptoms consistent with neurosarcoidosis, the next step is to
check for extraneural disease. If there is evidence
of such disease based on a biopsy showing granuloma, the patient most likely has neurosarcoidosis.
If the patient has not had a biopsy or the biopsy was
negative for granuloma, the extraneural features are
then evaluated. If the patient’s clinical presentation
is consistent with sarcoidosis and other causes have
been excluded, the patient is assumed to have
neurosarcoidosis. If there are insufficient clinical
features to support the diagnosis, the patient is said
to have possible neurosarcoidosis. Isolated neurosarcoidosis is diagnosed in a patient who presents
with only neural symptoms, a biopsy which demonstrates granulomas, and no clinical features of
extraneural sarcoidosis. Patients who present with
neurologic disease should always be evaluated for
extraneural sarcoidosis.

NONORGAN-RELATED SARCOIDOSISASSOCIATED SYMPTOMS
There are several consequences of sarcoidosis,
including fatigue, cognitive failure, and small fiber
neuropathy (SFN), which are not directly related to
granulomatous involvement [2,34].

Sarcoidosis-associated fatigue is reported in
more than half of patients [35,36]. It is commonly
associated with other nonorgan-related problems,
including SFN and cognitive failure [37,38,39 ].
Questionnaires can be helpful in objectifying these
complaints [40–42]. A multidisciplinary approach
including psychological counseling is recommended [43,44].
SFN, which is found in many conditions [45,46 ],
was originally described for sarcoidosis by Hoitsma
et al. [47] in 2002. There is no diagnostic gold standard
for SFN. Nerve conduction studies are performed as the
first diagnostic test to exclude large-fiber disorders.
Skin biopsies with quantitative counting of the nerve
fibers have been proposed. The fewer the nerve fibers,
the greater the likelihood of SFN [45]. However, the
disease can be patchy, leading to sampling errors and
false negative findings. The disease is also invasive.
An SFN screening tool has been developed for
patients with sarcoidosis, called the SFN screening
list [42]. This screening tool can distinguish between
patients who are very likely to have SFN-associated
symptoms and those without such symptoms. A
substantial percentage of patients have intermediate
scores (between highly likely and unlikely SFN), and
these patients require additional tests to confirm the
diagnosis of SFN. Despite its limitations, the SFN
screening list has proved useful in assessing response
to therapy [48].

1350-7540 Copyright ß 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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An interesting new test for SFN is corneal confocal microscopy. Photographs are taken of the cornea and a quantitative assessment of nerve fibers is
made. A correlation has been established between
the severity of neuropathy and progressive corneal
nerve degeneration [49,50]. Unfortunately, this
technique is not widely available, and has not yet
been validated against other measures of SFN. The
changes demonstrated during treatment for SFN did
not correlate with other markers of SFN [51].

TREATMENT OF NEUROSARCOIDOSIS
Treatment is almost always warranted in neurosarcoidosis. Treatment strategies are mainly based on
expert opinion and small retrospective studies. So
far, no randomized controlled trials have been performed [6]. The intensity of treatment depends on
the severity of the neurosarcoidosis manifestations.
For example, a facial nerve paralysis can most often
be treated with only a few weeks of prednisone
monotherapy, and rarely recurs [52], whereas
in the case of spinal cord disease a second-line
(methotrexate (MTX), azathioprine, mycophenolate mofetil) or third-line (tumor necrosis factor
(TNF)-a inhibitors; infliximab or adalimumab)
agent is initiated earlier on in the treatment
[53,54]. Limited data are available on the optimal
treatment options for neurosarcoidosis.
Treatment of sarcoidosis has commonly been
empirical. However, an increasing number of studies have been published which provide a level of
confidence regarding general therapeutic recommendations [55 ]. These recommendations have
to be modified for neurosarcoidosis. Figure 3 shows
a proposed stepwise approach to the treatment
of neurosarcoidosis other than that involving the
seventh cranial nerve alone.
&&

Initial therapy consists of glucocorticoids, usually oral prednisone. For a patient with severe disease
or disease progressing despite oral therapy, high-dose
intravenous methylprednisolone may be useful.
High-dose oral prednisone has been shown to be as
effective as high-dose intravenous steroids [56]. Most
of the prednisone recommendations are based on
retrospective studies, and the dosage of prednisone
varies. Failure of steroid monotherapy is common,
because of severity of the disease or because of the
toxicity of the high-dose prednisone used in neurosarcoidosis. In one study, over 80% of patients went
on to second and third-line therapy [52].
The next step involves a steroid-sparing or second-line agent. MTX has been the most widely used
steroid-sparing agent for sarcoidosis [57]. In one of
the few case series examining the use of MTX specifically for neurosarcoidosis, the response rate was
63% [52]. More recently, neurosarcoidosis patients
treated with MTX were successfully weaned down to
prednisone in half of cases and maintained on that
regimen for years [53]. Mycophenolate, another
steroid-sparing second-line agent, has a different
toxicity profile than methotrexate and may be more
rapidly effective in treating neurosarcoidosis [58].
However, in one study, mycophenolate treatment
was associated with a significantly higher relapse
rate when prednisone was withdrawn [53].
The use of two other cytotoxic agents, azathioprine and leflunomide, is based on studies of nonneurosarcoidosis patients. In one large study,
azathioprine was as effective as methotrexate but
associated with some more toxicity [59]. Leflunomide has been reported to be an effective alternative
to methotrexate with a different toxicity profile
[60,61]. However, leflunomide can cause a peripheral neuropathy, which limits its use in neurosarcoidosis [62].

FIGURE 3. Stepwise treatment for neurosarcoidosis. RCI, repository corticotropin injection. indicates drugs that have been
reported specifically for neurosarcoidosis. yindicates therapies which may be used for severe or progressive disease. See text
for further details.
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The next step is the use of TNF-a inhibitors.
Although not all TNF-a inhibitors have been successful in sarcoidosis, the monoclonal anti-TNFa
antibody infliximab was found to be superior to
placebo in treating advanced pulmonary sarcoidosis
[63,64]. A Delphi study amongst the world’s leading
sarcoidologists resulted in practical recommendations for the use of TNF-a inhibitors in sarcoidosis,
to support clinicians in the management of patients
with refractory sarcoidosis [65]. Based on expert
experience and recent studies, infliximab is now
considered the main third-line treatment option
in sarcoidosis. Two recent studies reported on relatively large studies of infliximab for neurosarcoidosis in the United States and France [66 ,67]. In both
of these series, response to treatment was seen even
when other therapies had failed. Unfortunately,
infections and other toxicities were encountered
in a significant number of cases [66 ], although
these were similar to those for second-line treatment
options [59]. Treatment withdrawal was associated
with a high rate of relapse of the disease [66 ,67].
Treatment with infliximab is expensive, creating a
barrier limiting universal access to this effective
therapeutic agent. Recently, biosimilars of infliximab have become available. In view of the working
mechanism of the original biological and that of the
biosimilars, it is highly likely that the therapeutic
effect of both agents is comparable. Hence, inclusion of biosimilars in the treatment regime could
lower the costs of TNF-a inhibitors in sarcoidosis
[68]. The infliximab biosimilar inflectra proved to be
effective in the treatment of refractory sarcoidosis,
with a safety profile comparable to that of the
reference product infliximab [69,70 ].
For patients for whom infliximab fails because of
intolerance or lack of efficacy, or for whom TNF-a
inhibitors are contraindicated, several other potential agents have been reported. Adalimumab is usually reserved for patients who develop reactions to
infliximab, and the drug has been shown to be
effective in that situation [71]. Intravenous cyclophosphamide was reported to be effective in the
treatment of refractory neurosarcoidosis, although
less so than infliximab [52,72–74]. It may still be an
alternative for refractory neurosarcoidosis patients.
For patients for whom TNF-a inhibitors are contraindicated, such as those with malignancy or
advanced congestive heart failure, rituximab has
also been reported to be useful [75,76].
&

Unfortunately, symptomatic treatment for neuropathic pain often provides only partial relief from
pain, without effects on autonomic dysfunction,
and is often associated with (sometimes severe)
side-effects. Some data suggest some effectiveness
of immunoglobulins and TNF-a inhibitors
[38,77,78 ]. Whether these expensive treatments
should be initiated as a causative treatment for
SFN is unclear and is currently being investigated.
Cibinetide (ARA290) seems a promising new drug
to relieve pain and increase corneal and skin
nerve fiber density in sarcoidosis-associated SFN
[48,79,80]. However, a recent placebo-controlled
trial demonstrated changes in corneal nerve fibers,
but not in symptoms [51]. Further studies, including
a wider dose range, are needed to clarify the role of
this drug.
&

&

&

CONCLUSION
As sarcoidosis is a multiorgan disorder that imposes
a burden on patients’ lives, patients may initially
present to various organ specialists, depending on
the presenting symptoms. Therefore, a multidisciplinary approach is recommended for the management of sarcoidosis, with considerable patient
participation focusing on somatic as well as psychosocial aspects of this erratic disorder. Neurosarcoidosis can be extreme burdensome for patients and
their families. Recent reports have helped to clarify a
diagnostic strategy for this disease entity. Treatment
options, especially with infliximab or biosimilars,
may prove an effective way to control the disease.

&

TREATMENT OF SARCOIDOSISASSOCIATED SMALL FIBER NEUROPATHY
Currently, there is no cure for SFN, and only
symptomatic relief of complaints is achieved [46 ].
&
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