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Abstract
Neurosarcoidosis is frequently on the differential diagnosis for neurohospitalists. The diagnosis can be challenging due to the
wide variety of clinical presentations as well as the limitations of noninvasive diagnostic testing. This article briefly touches
on systemic features that may herald suspicion of this disorder and then expands in depth on the neurological clinical pre-
sentations. Common patterns of neurological presentations are reviewed and unusual presentations are also included.
A discussion of noninvasive testing is undertaken, exploring dilemmas that may be encountered with sensitivity and specificity.
Drawing from a broad range of clinical clues and diagnostic data, a systematic approach of pursuing a potential tissue diagnosis
is then highlighted. Correctly diagnosing neurosarcoidosis is critical, as treatment with appropriate immunosuppression
protocols can then be initiated. Additionally, treatment of refractory disease, the trend toward exploring targeted
immunomodulation options, and other therapeutic issues are discussed.
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Introduction

Sarcoidosis affects the nervous system in roughly 5% of cases

in a variety of ways.1-3 Neurosarcoidosis often masquerades

as other disorders, at times creating a lengthy differential and

complicated diagnosis.4 Other systemic features of sarcoidosis

can shed light on a case but may be nonspecific or subtle, par-

ticularly for a neurologist.2,5 Additionally, a disease marker like

a serum angiotensin-converting enzyme (ACE) level may

lack sensitivity for diagnosing neurosarcoidosis.6,7 Imaging and

spinal fluid studies are helpful noninvasive screens but a

more invasive biopsy approach is still the gold standard for

diagnosis.8 Thus, a well-versed clinical background in this dis-

order is paramount for providing expedient and efficient care

of these patients. This article will expand on that background

with additional attention to clinical inpatient considerations.

Clinical Manifestations and Differential
Diagnostic Considerations

Up to 70% of patients with neurosarcoidosis present to medi-

cal attention with their neurological manifestations rather than

already having a known systemic diagnosis.5 Nevertheless, an

astute clinician can still tease out systemic clues of sarcoidosis

in many of these cases. These systemic signs are not infre-

quent and may include lung disease, constitutional symptoms,

lymphadenopathy, arthralgias, skin findings (ie, erythema

nodusum), eye disease (ie, uveitis), spleen involvement, or
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liver involvement.5 As mentioned, though, it might be diffi-

cult to crystallize these findings into a diagnosis without a ref-

erence point, otherwise. Thus, the ability to recognize this

disorder’s neurological pattern is still critical.

Broad common categories of primary inpatient neurological

presentations would include cranial neuropathies, meningeal

disease, inflammatory spinal cord disease, subacute periph-

eral neuropathic weakness, and hypothalamic–pituitary axis

clinical findings. In addition to the classic patterns, other less

specific and rare presentations will also be reviewed to help

clinicians appreciate a wide array of possible manifestations.

Cranial Neuropathies

A facial palsy is the most common clinical finding of neu-

rosarcoidosis, occurring in upward of 50% of patients.2 In

isolation this would be more of an outpatient consideration;

but 30% of patients with neurosarcoidosis have more than

one neurological manifestation on presentation and, specifi-

cally, 63% of patients with facial palsy have an additional

neurological manifestation.2 Thus, facial palsy (particularly

if bilateral) might provide a very relevant clue to aid in the

diagnosis of a hospitalized patient; bilateral involvement,

whether sequential or simultaneous, is seen in 25% to 50%
of patients with facial palsy associated with sarcoidosis.2,5,9

Bilateral facial palsy in general can be an indicator of a sec-

ondary etiology other than idiopathic Bell’s palsy, including

structural, infectious, and inflammatory causes.10 Lyme dis-

ease is an infectious etiology to be considered.11 Seroconver-

sion of HIV may be another infectious etiology associated

with bilateral facial palsy, particularly in the context of asep-

tic meningitis.12 Of patients with Guillain-Barré syndrome

(GBS), 35% have bilateral facial weakness as part of their

initial presenting symptoms and that number increases to

60% if one includes the full disease course.13 This would

typically occur in the context of other features of GBS, but

variant presentations of GBS with more restricted bilateral

facial diplegia have been less commonly reported.14-17 Addi-

tionally, as noted subsequently, neurosarcoidosis can present

with a GBS phenotype, so other diagnostic clues are impor-

tant in differentiating these two diagnoses. Finally, recurrent

Bell’s palsy also brings another uncommon etiology into the

differential, Melkersson-Rosenthal syndrome but associated

facial swelling or tongue plication might be clues to this rare

syndrome.18

Optic neuritis is another frequent cranial nerve complica-

tion, which needs to be differentiated from idiopathic optic

neuritis, multiple sclerosis, and other infectious or inflamma-

tory disorders. Optic neuritis is frequent enough that it is the

most common clinical cranial neuropathy in some referral

bases.6,19 Imaging suggests a high prevalence of subclinical

involvement of the optic nerve (including the optic chiasm).20

Bilateral involvement of this cranial nerve also heralds a

stronger suspicion for sarcoidosis. In one series of patients

with sarcoidosis, bilateral optic nerve involvement was noted

in 13 of the 19 patients who had optic nerve disease.19 Bilat-

eral optic neuritis should also trigger other differential con-

siderations, such as neuromyelitis optica. Cranial nerve

VIII is the third most commonly affected cranial nerve, and

cranial nerves V, VI, IX, and X are involved in sarcoidosis

less frequently.1,2,6,21-24 Both cranial nerve I and/or primary

sinonasal involvement of the granulomatous disease have

also been encountered.25,26

Meningeal Disease

A more diffuse meningeal infiltration from sarcoidosis can

cause a basilar polycranial neuropathy, which needs to be

differentiated from other similar meningeal infiltrative pro-

cesses, such as tuberculosis, fungal meningitis, carcinomatous

meningitis, Wegener granulomatosis, idiopathic hypertrophic

pachymeningitis, or lymphomatous meningitis.27-29 Polycra-

nial neuritis is seen in up to 40% of patients with neurosarcoi-

dosis.5 Meningeal irritation can cause aseptic meningitis, and

chronic or recurrent meningitis presentations have been

well described.1,2,30 Meningeal infiltration of the arachnoid

granulations or cerebral aqueduct may result in the serious

and sometimes emergent consequence of hydrocepha-

lus.31,32 Meningeal infiltration of the lumbosacral nerve

roots can present as a cauda equina syndrome.33

Inflammatory Spinal Cord Disease

Involvement of the spine may result from leptomeningeal

infiltration and/or parenchymal myelitis with cases of lon-

gitudinally extensive myelitis (LETM) reported.34,35 Recent

literature indicates that myelitis spans an average of 3.9

segments in patients with neurosarcoidosis (typically greater

than 3), and this extended segment disease may help provide

a distinguishing feature from multiple sclerosis inflammatory

lesions of the spinal cord.36 An LETM needs to be primarily

differentiated in the inpatient setting from neuromyelitis

optica, connective tissue disorders such as Sjogren’s disease

or Lupus, infectious etiologies, and vascular disorders such

as dural arteriovenous fistula.

Peripheral Neuropathy

Acute neuropathic presentations may be encountered in the

hospital. Asymmetric polyradiculoneuropathy or a mononeur-

itis multiplex picture may be differentiating clues of sarcoido-

sis (Tables 1 and 2).37 Also, of relevance, one may encounter a

Table 1. Common Systemic Clues of Sarcoidosis.

� Lung disease
� Ocular disease (uveitis)
� Skin manifestations—ie, erythema nodosum
� Lymphadenopathy
� Arthralgias and constitutional symptoms
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GBS clinical phenotype secondary to sarcoidosis. Electro-

physiological findings may mirror GBS, but in addition to

an elevated cerebrospinal fluid (CSF) protein, one also sees

an unexpectedly high pleocytosis.38,39 Sarcoidosis, HIV, and

Lyme disease would also be diagnostic considerations with

this scenario. A subacute axonal polyneuropathy and small

fiber neuropathy are also well known associations with sar-

coidosis.40,41 Myopathic involvement in sarcoidosis may

occur but is typically asymptomatic.42-46

Hypothalamic–Pituitary Axis

Hypothalamic–pituitary axis dysfunction can be a clinical

expression of neurosarcoidosis. Diabetes insipidus may pro-

vide a clinical clue to neurosarcoidosis, and a vast array of

other hypothalamic–pituitary axis symptomatology and hor-

monal irregularities has also been described.47-49 Hypothala-

mic–pituitary axis symptomatology is radiographically silent

in half of all cases.20

Additional Clinical Correlates

Other nonspecific neurological considerations can be associ-

ated with neurosarcoidosis. Parenchymal brain involvement

can result in seizures,6,19 and less commonly, central nervous

system cranial mass lesions can cause focal deficits.1,2 A hos-

pitalized patient with neurosarcoidosis could also present with

encephalopathy or even psychosis.50-55

Finally, one must remember that sarcoidosis can present in

unusual ways. A neurologist may be involved in cases of orbital

masses or inflammation that eventually have sarcoidosis iden-

tified as their etiology.56 Osseous sarcoidosis seen on imaging

can falsely mimic bony metastases or multiple myeloma.57-59

Neurosarcoidosis may even present in bizarre patterns, such

as a description of it mimicking testicular cancer with metas-

tases to the brain.60

An awareness of this disorder is crucial to picking up the

relevant clinical findings for diagnosis. Taken together, the

neurological and systemic clues provide a framework for sus-

pecting neurosarcoidosis. This clinical foundation is then built

upon with noninvasive testing to see whether a biopsy is war-

ranted for disease confirmation.

Diagnostic Dilemmas

There are still significant limitations of approaching diagnos-

tic confirmation of neurosarcoidosis. Noninvasive testing may

lack sensitivity and specificity and should be utilized in the

context of clinical judgment of whether to pursue more confir-

matory invasive testing with a biopsy.

In the setting of neurosarcoidosis, a serum ACE level is

only elevated in about a quarter of patients, potentially due

to less prominent systemic involvement in these cases, mak-

ing this a rather low yield test.6,8 Although one series noted a

high sensitivity,19 generally, a CSF ACE level has been

noted to be rather insensitive (several reports with a range

of 24%-55%).7,8,61,62 Although an elevated CSF ACE level

has high specificity overall,7,61,62 infectious or carcinomatous

processes of the CNS may also result in high CSF ACE levels,

which is of particular importance, as these entities can mimic

neurosarcoidosis clinically and radiologically.63 Ordering a

chest x-ray in patients with suspicion for neurosarcoidosis

is a noninvasive screening tool that has value with actually a

better yield than a serum ACE level.6,8,19 Chest computed

tomography adds a mildly better degree of additional screening

value compared to a chest x-ray.6,19 Gallium scanning, evaluat-

ing uptake patterns in the lung and parotid regions, has a rela-

tively similar to mildly better screening sensitivity compared to

conventional chest imaging in patients with neurosarcoidosis.6,8

An emerging imaging method for aiding in the diagnosis of

neurosarcoidosis is whole-body fluorodeoxyglucose positron

emission tomography scanning. There is a suggestion of effi-

cacy of this modality for uncovering otherwise unknown sys-

temic disease or even visualizing neurological involvement

not seen on magnetic resonance imaging (MRI).64,65

Table 2. Examples of Common Inpatient Neurological Presentations.

Isolated cranial neuropathy (bilateral involvement increases suspicion)
Diffuse meningeal or leptomeningeal-based disease
� Cranial polyneuropathies
� Aseptic or chronic meningitis
� Hydrocephalus (ie, infiltration of arachnoid granulations or cerebral aqueduct)
� Subacute polyradiculopathy (including cauda equina)

Acute to subacute polyneuropathy
� Asymmetric polyradiculoneuropathy
� Mononeuritis multiplex
� Acute Guillain-Barré syndrome phenotype
� Subacute length-dependent axonal polyneuropathy
� Small-fiber neuropathy

Spinal cord disease
� Leptomeningeal disease
� Longitudinally extensive myelitis

Hypothalamic–pituitary axis dysfunction
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Magnetic resonance imaging of the brain or spinal cord and

a lumbar puncture are the most commonly employed neuro-

diagnostic studies in the evaluation of patients with neurosar-

coidosis. Magnetic resonance imaging of the brain may

nonspecifically show white matter changes or hydrocephalus,6,8

but contrast is necessary to demonstrate some of the more clas-

sic findings. Contrast enhancement of the meninges, cranial

nerves, or hypothalamic–pituitary axis is commonly seen.8,20

Spinal cord imaging may demonstrate enhancement of the

meninges or nerve roots.19,20,36,66 It might also demonstrate

LETM or cord swelling.19,36,66 Lumbar puncture commonly

demonstrates elevated spinal fluid protein and a mild to moder-

ate pleocytosis is seen in the majority of the patients (5-220 in

one series; lymphocytic predominance); taken together 81% of

patients have an elevation of at least one of the two.8 Low CSF

glucose might also occur, and in rare cases this may even be

profound.67,68 Oligoclonal bands can be present and might pro-

vide diagnostic confusion with multiple sclerosis depending on

the clinical presentation. An elevated CSF protein typically

accompanies oligoclonal bands in patients with neurosarcoido-

sis, helping to differentiate the two disease states.6 A main func-

tion of the lumbar puncture is to also exclude central nervous

system infection or malignancy. As such, common additions

to the CSF evaluation include cultures (including fungal

cultures and acid-fast testing), cryptococcal antigen, venereal

disease research laboratory, and cytology.

Weighing the patient’s clinical presentation along with the

above-mentioned noninvasive diagnostic information will

help one decide whether to consider a more invasive biopsy.

If the patient has demonstration of systemic disease, a perti-

nent biopsy of a lymph node, the skin, or a transbronchial lung

biopsy may be undertaken.6,19,63 This would be a favored

strategy to establish a diagnosis of probable neurosarcoidosis

less invasively, allowing subsequent initiation of appropriate

treatment accordingly in patients without fulminant neurologi-

cal disease.8 In cases without obvious systemic disease, a

blind systemic biopsy may still be pursued to document a

probable diagnosis of neurosarcoidosis. A muscle biopsy, con-

junctival biopsy, and bone marrow biopsy are all reasonable

alternatives, with typically a 30% to 50% yield for identifying

pertinent pathology, such as noncaseating granulomas.44,63,69

In patients without a systemic biopsy diagnosis or in patients

needing a more definitive diagnosis of neurosarcoidosis, one

may pursue a clinically relevant nervous system lesion to

biopsy as a more invasive option, if necessary. This would

generally involve a biopsy of an enhancing area of the

meninges, a significant central nervous system parenchymal

lesion that is readily accessible to the surgeon with an accep-

table risk profile, or a peripheral nerve if there is peripheral

nervous system involvement. If there is myopathy, a muscle

biopsy could be obtained, but again a muscle site is employed

much more commonly in evaluating subclinical, asympto-

matic disease with a blind biopsy (Figures 1-5).44

Treatment

Corticosteroids are the first-line treatment for patients with

neurosarcoidosis.70 The clinical decision tree beyond that for

the hospitalized patient involves whether to start a pulse of

intravenous (IV) steroids before converting to oral corticoster-

oids, whether a secondary agent is needed, and what to recom-

mend regarding the duration of therapy.

Neurosarcoidosis is to be initially treated with 1 mg/kg of

oral prednisone daily generally for 6 to 8 weeks with a slow

Figure 1. Basilar infiltration on contrast-enhanced scan.

Figure 2. Leptomeningeal enhancement.
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taper as tolerated (this may be preceded by a pulse of IV

solumedrol at the initiation of treatment for severe cases).71

However, various clinical presentations may alter treatment

duration. Bell’s palsy can be treated with high doses of ster-

oids for a week with a fast taper over the second week, and

a similar, shorter treatment course of corticosteroids can be

considered in isolated aseptic meningitis, which also typically

runs a more benign course with frequent remissions.72,73 Con-

versely, central nervous system lesions, hydrocephalus, spinal

cord disease, optic neuropathy, and seizures indicate more

resistant disease that will likely require protracted courses of

treatment.8,72 Long term, it may be difficult to sustain weans

lower than 20 to 25 mg daily of prednisone in patients with

more aggressive manifestations of neurosarcoidosis.8

In patients who have inadequate benefit or concern for side

effects from corticosteroid therapy, have relapses while

attempting weaning of steroids, or have indicators of poor

prognosis with a high likelihood of relapse, one may consider

cytotoxic therapy. Methotrexate, mycophenolate mofetil,

azathioprine, cyclosporine, and cyclophosphamide have all

been utilized.74-77 The onset of action may be slow, and then

even if it has reached full efficacy, further treatment is still

recommended for at least another 3 to 6 months of clinical

stability before starting any weaning attempts.71

Despite the above-mentioned measures, some patients may

still remain refractory to treatment. Although radiation ther-

apy has even been used in refractory disease,78-80 there is a

growing trend to support a trial of targeted immunomodula-

tion in these patients. In sarcoidosis, there is a T-helper type

1-mediated reaction to an antigen stimulus. Specifically,

tumor necrosis factor a has been highly associated with this

process in sarcoidosis.81 Tumor necrosis factor a inhibitors,

such as infliximab and thalidomide, have shown some promise

in treating patients with refractory neurosarcoidosis.82-96

Hydrocephalus secondary to neurosarcoidosis can be an

emergent and life-threatening situation in the hospital setting.

Close clinical monitoring of these patients is required, and a

neurosurgical consultation is recommended to assist in the

evaluation and management of hydrocephalus. As noted pre-

viously, high-dose steroids, preferably including IV methyl-

prednisolone initially, are started if sarcoidosis is confirmed

and a prolonged treatment course is advised.97,98 A patient

with asymptomatic or mild, stable hydrocephalus can be

managed with long courses of high-dose steroids alone but

unstable, life-threatening, or corticosteroid-resistant hydroce-

phalus requires ventricular shunting.73

In general, peripheral neuropathic processes that are acute

to subacute rationalize a search for an inflammatory etiology

that may be treatable. In patients diagnosed with neurosarcoi-

dosis, treatment is generally similar to the general algorithm

outlined previously. Patients who present with a Guillain-

Barré-like clinical and electrophysiological phenotype

secondary to sarcoidosis may be difficult to sort out from

Figure 3. Long segment transverse myelitis.

Figure 4. Nodular involvement of the cauda equina with vertebral
involvement.

Figure 5. Acute hydrocephalus with trapped left temporal horn,
transependymal fluid, and midline shift as a presentation of
neurosarcoidosis.
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patients with typical GBS, initially, though. Starting with

intravenous immunoglobulin (IVIG) or even plasmapheresis

in those patients would be reasonable, especially given the

concern for a poor response with steroids for typical GBS.

Nevertheless, if there is an unexpectedly high pleocytosis in

the CSF followed by additional confirmation of sarcoidosis,

then following up with further steroid treatment per a neuro-

sarcoidosis protocol would be recommended. Of note, IVIG

has also otherwise been used in some peripheral neurosarcoi-

dosis scenarios with apparent benefit, discussed in case reports

with improvement in sensory predominant, axonal polyneuro-

pathy, and small-fiber neuropathy.99,100

Summary

Neurosarcoidosis can be an elusive diagnosis and must be on

the differential diagnosis in multiple inpatient scenarios. Non-

invasive screening may lack sensitivity or specificity and tis-

sue biopsy is still the gold standard for diagnosis. A thorough

understanding of the neurologic syndromes associated with

this condition is necessary for appropriate patient care. Treat-

ment with corticosteroids can be effective, although cytotoxic

therapy is sometimes a required adjunct; targeted immunomo-

dulation is an increasingly promising approach to refractory

disease.
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