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ABSTRACT 
Neurosarcoidosis, a rare inflammatory condition, poses a diagnostic challenge due to 

its various clinical presentations and potential mimics. This comprehensive review 

delves into the complexities of neurosarcoidosis, emphasizing the importance of a 

thorough diagnostic workup and the consideration of alternative conditions, such as 

fungal mimics. The study explores the intricacies of the diagnostic process, 

particularly the role of histopathology, imaging, and laboratory tests. The current 

state of neurosarcoidosis management is examined, such as the use of 

corticosteroids as well as novel therapies including Rituximab and JAK-STAT 

inhibitors. The clinical spectrum is described in detail for both the peripheral and 

central nervous systems, offering insights into the many presentations, which include 

ocular manifestations and syndromes like Heerfordt's syndrome. The complexities of 

neurosarcoidosis necessitate further research in its diagnosis, pharmacotherapy, and 

management. The inclusion of information on ongoing research and clinical trials 

underscores the need for tailored therapeutic approaches. 

 

 

INTRODUCTION 

Sarcoidosis is an inflammatory condition that affects multiple systems 

and is identified by the development of granulomas, which can emerge 

in various organs. Neurosarcoidosis, which involves the nervous 

system, impacts 5–10% of individuals and has the potential to result in 

severe consequences [1-5].  

Typical manifestations of neurosarcoidosis encompass cranial 

neuropathies, leptomeningeal disease, intraparenchymal lesions, and 

myelitis. Nevertheless, there have been documented instances of initial 

presentations involving stroke, seizures, cerebral vasculopathy, 

intracranial masses, hypopituitarism, neuropsychiatric symptoms, and 

encephalopathy [1,2]. Neurosarcoidosis frequently impacts the 

pulmonary system, lymph nodes, eyes, and skin as the most common 

systemic sites affected in patients [1]. 
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Diagnosing the condition can be challenging 

because of the diverse range of clinical symptoms, 

the fluctuating nature of concurrent systemic 

ailments, and the difficulties in obtaining a central 

nervous system (CNS) biopsy for a conclusive 

diagnosis. To diagnose neurosarcoidosis, according 

to existing guidelines, the patient should exhibit a 

neurological clinical presentation consistent with the 

condition, and other potential causes must be ruled 

out. Patients meeting these criteria can be 

categorized as having a "possible" diagnosis of 

neurosarcoidosis6.  

A biopsy revealing granulomatous inflammation 

is required to diagnose definite neurosarcoidosis (via 

nervous system biopsy) and probable 

neurosarcoidosis (via biopsy of a systemic site). 

However, this alone is not conclusive for diagnosis, 

as various granulomatous diseases, including 

infections, autoimmune conditions, and neoplastic 

disorders, can mimic sarcoidosis and initially 

respond to corticosteroid treatment. In cases where 

patients with a confirmed diagnosis of systemic 

sarcoidosis undergo cranial neuropathies or exhibit 

leptomeningeal disease indicative of 

neurosarcoidosis, there is a potential risk of 

overlooking other possible causes. It is crucial to 

recognize that these patients do not automatically 

fulfill the criteria for "probable" neurosarcoidosis 

without considering mimicking conditions. Other 

potential diagnoses, such as atypical infection and 

malignancy, especially in light of treatment-related 

complications, should be taken into account. 

Common mimics of neurosarcoidosis include 

tuberculosis, cryptococcus, primary angiitis, 

granulomatosis with polyangiitis, IgG4-related 

disease, and primary central nervous system 

lymphoma. Fundamentally, any granulomatous 

infections infiltrating the central nervous system can 

imitate neurosarcoidosis. These infections 

encompass atypical bacteria (such as mycobacterial, 

syphilis, Whipple's disease, brucellosis, nocardiosis, 

and actinomycosis), fungi (including aspergillosis, 

cryptococcosis, and endemic mycoses), and 

parasites (such as toxoplasmosis, schistosomiasis, 

neurocysticercosis, and toxocariasis)7,8.  

Although many of these infections are 

uncommon and demand a heightened suspicion for 

diagnosis, it is crucial to rule them out before 

initiating immunosuppressive therapies. A 

comprehensive exposure history and examination 

can guide diagnostic testing. Notably, mycobacterial 

and fungal infections frequently mimic sarcoidosis 

and should be assessed in all individuals suspected 

of having neurosarcoidosis.  

Several current randomized controlled trials 

(RCTs) are assessing novel therapeutic compounds, 

innovative targets for treatment, and alternative 

regimens to steroids in sarcoidosis, and several of 

them have shown positive results in early phases8,9. 

 

CLINICAL PRESENTATION 

The presentation of neurosarcoidosis is known to be 

quite variable and non-specific, which may make 

diagnosing this disease difficult. Firstly, 

neurosarcoidosis can affect either the central 

nervous system (CNS), the peripheral nervous 

system (PNS), or both10. The most frequent 

manifestations are onset of cranial nerve-palsies and 

neuropathies; however, other manifestations 

include aseptic meningitis, parenchymal brain 

lesions, hydrocephalus, headache, seizure, 

neuropsychiatric abnormalities, neuroendocrine 

dysfunction, myelopathy, and peripheral 

neuropathy10-17. Fritz et al. reported that, in a meta-

analysis and systematic review, 55% (572/1047) of 

patients with neurosarcoidosis presented with 

cranial neuropathy, and of the cranial nerves, the 

facial nerve (24%) and optic nerve (21%) were 

involved the most frequently1. It was similarly 

reported that sensory and motor abnormalities 

(hemiparesis, paraparesis), spinal cord 

abnormalities, and PNS involvement 

(polyneuropathy, myopathy) are other common 

presenting features. Sarcoidosis-associated facial 

nerve palsy may be unilateral or bilateral6,10,18. Other 

studies have reported that approximately 50% of 

cohorts reported CNS involvement and that 

potentially affected areas include brain parenchyma 

with multiple masses as well meninges with 

hypertrophic pachymeningitis; vascular disease with 

associated stroke also may be an affect area but is 

rare19-40. Clinical symptoms may manifest in an acute 

fashion or progress chronically; however, 

spontaneous regression is more common than 

progressive neurological deterioration41-44.  

 The main CNS clinical manifestations of 

neurosarcoidosis can be further divided into the 

various systems affected: brain, spinal cord, and 

meningeal disease19. Brain involvement can be 

differentiated into parenchyma manifestations, 
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which may result in the symptoms such as 

headaches, hormonal disturbances, SIADH, focal 

deficits, behavioral/cognitive changes, seizures, 

visual changes, and vascular manifestations, which 

may result in the symptoms such as strokes, 

confusion, and cognitive impairment. Meningeal 

disease can similarly present with symptoms such as 

headaches, cognitive changes, gait dysfunction, and 

hydrocephalus; spinal cord manifestations can also 

similarly present with symptoms such as gait 

changes, sensory changes, weakness, and 

bowel/bladder disturbances.  

 Conversely, the main PNS clinical manifestations 

can be further divided into various neuropathies, 

namely, cranial neuropathy, small fiber neuropathy, 

and large fiber neuropathy19. Cranial neuropathy 

may present as symptoms such as anosmia, 

decreased visual acuity, facial numbness, hearing 

loss, dysarthria, dysphagia, and hiccups45,46. Small 

fiber neuropathy may cause painful paresthesia and 

dysautonomia (GI, orthostasis), whereas large fiber 

neuropathy may cause polyneuropathy, 

mononeuritis multiplex, radiculopathy, plexopathy, 

paresthesia, weakness, and gait disturbance. Figure 

1 depicts the various clinical manifestations of 

neurosarcoidosis.  

 

 
 

Figure 1. Clinical Manifestations of Neurosarcoidosis. 

 

One syndrome highly suggestive of sarcoidosis is 

Heerfordt’s syndrome, a cranial neuropathy 

(primarily facial nerve) with uveitis, parotid-gland 

enlargement, and fever47,48. Additionally, Horner 

syndrome, Argyll-Robertson pupil, and Adie’s pupil 

has been described in sarcoidosis42,49-52. Another 

common ocular manifestation of neurosarcoidosis is 

optic neuritis which typically presents with blurred 

vision, a change of color vision, or visual field 

deficit10,11. Optic neuritis related to neurosarcoidosis 

is a neuro-ophthalmic emergency because it may 

result in permanent vision loss if there is no 

immediate intervention. Additionally, common 

findings indicating neurosarcoidosis on 

ophthalmologic examination include papilledema or 

optic nerve head edema11. 

 

FUNGAL MIMICKERS 

Rare in non-immunodeficient individuals and more 

present in immunocompromised patients, central 

nervous system (CNS) fungal infections have the 

following main etiologies: mucormycosis, endemic 

mycoses, Aspergillus meningitis (Aspergillosis), and 

Cryptococcal meningitis (C. gattii, C. neoformans)53. 

Manifestations of CNS fungal infections involve 

intracranial granuloma formation, a central clinical 

finding in neurosarcoidosis presentation54. In that 

regard, it is essential to rule out fungal mimics when 

a patient presents with neurosarcoidosis symptoms 

for effective treatment.  

 

Mucormycosis (Apophysomyces) 

Mucormycosis is an infrequent fungal infection that 

occurs in individuals with compromised immune 

systems, with the rhinocerebral variant being the 

most prevalent form of presentation55. Patients with 

rhinocerebral mucormycosis exhibit symptoms such 

as fever, lethargy, black nasal secretions, headache, 

orbital pain, orbital cellulitis, proptosis, and may 

experience sudden vision loss, often accompanied 

by a characteristic necrotic ulcer in the palate or 

nasal mucosa. Additionally, they may display signs of 

palsies involving cranial nerves III, IV, V, and VI, such 

as ptosis, mydriasis, diplopia, and loss of sensation 

on the ipsilateral side of the face due to local 

infiltration into the cavernous sinus. While facial 

paralysis is a rare occurrence, it has been reported in 

the past56. Sarcoidosis, which can manifest as basal 

meningitis, brainstem and hypothalamus 

parenchymal involvement, cranial neuropathies, and 

is associated with systemic features like erythema 

nodosum and pulmonary symptoms, can mimic 

mucormycosis57.  

 

Endemic Mycoses  

Coccidioides species belong to the dimorphic fungi 

category within the Ascomycete division58. The two 

species identified as causing human disease are 

Coccidioides immitis and Coccidioides posadasii59,60. 

While most individuals infected with 

coccidioidomycosis do not show symptoms, those 

who do experience symptoms typically exhibit mild 
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flu-like manifestations, muscle and joint pain, rash, 

and pulmonary symptoms60,61. Disseminated 

coccidioidomycosis is observed in around 1% of 

infected individuals, and its most severe 

manifestation is meningitis60. Central nervous 

system (CNS) involvement can happen in as many as 

50% of individuals experiencing disseminated 

coccidioidomycosis, typically emerging within weeks 

to months after the primary infection62. The 

prevalent manifestation is basilar meningitis, which 

might be accompanied by complications like 

hydrocephalus and vascular infarcts61,63. Failure to 

recognize CNS coccidioidomycosis promptly can 

have severe consequences; hence, early 

identification and treatment are crucial to minimize 

mortality and morbidity61. 

After analyzing 71 cases of coccidioidal 

meningitis, it was observed that 42% were 

immunocompromised, and 45% reported a prior 

illness indicative of pulmonary coccidioidomycosis63. 

The primary symptom of CM is typically a headache, 

accompanied by other symptoms such as fever, neck 

stiffness, nausea, and vomiting60,62. In rare instances, 

patients may undergo changes in personality, 

cognitive abnormalities, decreased consciousness 

levels, and focal neurologic symptoms. Notably, in 

50% of cases, an MRI may reveal no 

abnormalities59,60,64. A positive cerebrospinal fluid 

(CSF) culture for Coccidioides or the presence of CSF 

coccidioidal IgG antibodies is nearly confirmatory for 

coccidioidal meningitis. The most dependable 

diagnostic tests include serology using ELISA for 

initial screening, followed by immunodiffusion tests 

for IgM and IgG, and complement fixation for IgG59,60. 

In cases where results are inconclusive, but suspicion 

remains high, polymerase chain reaction (PCR) of CSF 

can assist in confirming the diagnosis of 

coccidioidomycosis65,66. Additionally, the utilization of 

1,3-Beta-D-Glucan testing in CSF may serve as a 

valuable tool for excluding CM, particularly in 

immunocompromised patients with potential delays 

in antibody production67,68. 

 

Aspergillosis  

The increased concern for CNS Aspergillosis infection 

is present in both immunocompromised and 

immunocompetent individuals. Like Cryptococcal 

meningitis, Aspergillus meningitis is recognized as 

one of the most common CNS fungal infections. 

More prevalent in immunocompetent patients than 

immunocompromised, the infection can be detected 

through PCR methodology of collected CSF69. 

Although fungal cultures of collected CSF can be 

used, they are not the most effective detection 

method as they tend to be negative in 70% of 

Aspergillus meningitis infections70.  

 

Cryptococcal meningitis 

Cryptococcal meningitis is a cerebral infection 

resulting from the presence of the fungus 

cryptococcus, either in the form of Cryptococcus 

neoformans or Cryptococcus gattii. It stands out as one 

of the common causes of meningitis, especially in 

individuals with compromised immune systems, 

particularly those affected by Human 

Immunodeficiency Virus/Acquired Immune 

Deficiency Syndrome (HIV/AIDS)71.  

Typical meningeal symptoms like headaches and 

neck stiffness are commonly observed in classic 

cryptococcal meningitis. However, additional 

systemic indications of widespread infection, such as 

pneumonia and dermatological symptoms, may also 

manifest71. Consequently, it is crucial to assess 

immunocompetent patients with subacute to 

chronic meningitis for the presence of Cryptococcus 

neoformans. While serum cryptococcal antigen and 

radiographic imaging aid in identifying CM, a lumbar 

puncture is indispensable for a definitive 

diagnosis71,72. Elevated opening pressure during the 

lumbar puncture, predominantly mononuclear cells, 

the visualization of encapsulated yeast using India 

ink, and a positive CSF culture of the organism are 

characteristic findings that confirm the diagnosis72.  

Invasive cryptococcosis involves two fungi, C. 

neoformans and C. gatti, both of which are 

encapsulated yeasts. Notably, C. neoformans is linked 

to immunocompromised hosts, while C. gatti is 

known to occur in individuals with intact immune 

systems73,74. Cryptococcus species tend to affect the 

central nervous system, especially in individuals with 

compromised immune systems, owing to their 

numerous virulence factors. Nevertheless, the 

occurrence of cryptococcal meningitis in 

immunocompetent patients remains challenging to 

elucidate. Potential reasons for this occurrence may 

include exposure to a highly pathogenic strain of 

Cryptococcus, a significant level of exposure to the 

pathogen, or subtle and undetectable immune 

deficiencies. These deficiencies could be linked to 

factors such as alcoholism, diabetes mellitus, or 
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autoimmune conditions. In immunocompetent 

individuals, the cryptococcus species are more 

inclined to lead to pulmonary cryptococcosis 

compared to immunocompromised individuals. 

Likewise, neuroimaging results are more confined 

and may involve hydrocephalus in 

immunocompetent patients73,74.  

The clinical presentation of cryptococcal 

meningitis in immunocompetent patients typically 

exhibits characteristic features like fever, stiff neck, 

headache, vomiting, or altered mental status. This 

contrasts with immunocompromised individuals, 

who typically display only subtle clinical features75. 

Imaging may reveal observations such as cerebral 

infarction, granulomas, and pseudocysts. One case 

report described a case involving a 29-year-old 

immunocompetent woman with no known 

comorbidities, experiencing intermittent headache 

and vomiting. Ultimately, she was diagnosed with 

cryptococcal meningitis. Despite her neuroimaging 

results deviating from the typical findings in CM 

cases, the diagnosis was confirmed through a 

cryptococcal antigen test. The neuroimaging results 

did not indicate the presence of hydrocephalus; 

instead, they revealed a ring-enhancing lesion 

resembling the characteristics observed in the 

colloidal vesicular stage of neurocysticercosis. 

However, contrary to the favorable prognosis 

indicated in the literature, she passed away during 

her hospitalization75.  

Table 1 lists the fungal mimics of 

neurosarcoidosis including similarities to 

neurosarcoidosis and distinct features. 

 

 

 
 

Table 1. Fungal mimics of neurosarcoidosis with shared and distinguishing features. 
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OVERVIEW OF MANAGEMENT 

Diagnostic workup 

Neurosarcoidosis is an inflammatory disorder that 

clinically manifests in multiple body systems, 

identified by the presence of non-caseating 

granulomatous lesions5. Retrospective studies and 

case reviews have demonstrated that approximately 

half of patients with systemic sarcoidosis likewise 

have neurological symptoms, demonstrating the 

distinct need for a full neurosarcoidosis workup 

when assessing patients in clinical settings76,77. 

Patients with neurosarcoidosis experience lesions 

and subsequent dysfunction of nerve, brain, spinal 

cord, meningeal, and muscular tissue, resulting in 

common findings of frequent headaches, ataxia, 

visual disturbances, facial nerve palsy, fatigue, and 

somato-sensory disturbances77. Diagnosis is difficult 

due to the myriad possible causes of 

granulomatosis, including bacterial CNS infections, 

inflammatory diseases, and lymphomas4. As a result, 

ruling between differential diagnosis and definite 

neurosarcoidosis necessitates the identification of 

accordant clinical scenarios, histological 

determination of non-caseating granulomas in 

tissue, and imaging/laboratory testing supporting 

diagnosis, as noted by Zajicek et al5.  

 

 
 

Figure 2. Neurosarcoidosis workup. 

 

The 1999 joint statement on sarcoidosis by the 

American Thoracic Society (ATS), the European 

Respiratory Society (ERS), and the World Association 

of Sarcoidosis and Other Granulomatous Disorders 

(WASOG) established the primary diagnostic and 

treatment modalities for sarcoidosis and 

subsequent neurosarcoidosis78. More recently, the 

Neurosarcoidosis Consortium Consensus Group 

leveraged novel guidelines for diagnosing 

neurosarcoidosis, suggesting ‘possible,’ ‘probable,’ 

and ‘definite’ diagnostic criteria for diagnosis76. Stern 

et al. proposed a ‘possible’ neurosarcoidosis 

diagnosis in situations with established 

clinicoradiological findings but lacking histological 

evidence; a “probable” diagnosis when existing 

clinicoradiological results are supported by 

pathologic indication of granulomatous disease; and 

‘definite’ for instances where nervous system biopsy 

confirms neurosarcoidosis76. Figure 2 illustrates the 

workup for neurosarcoidosis.  

 

Imaging 

Clinical disease manifestations in patients most 

commonly appear as cranial neuropathies, optic 

neuropathies, endocrine/hypothalamic dysfunction, 

seizures, meningitis, myelopathies, myopathy, 

peripheral neuropathy, and intracranial masses79. 

Subsequent imaging for diagnosing 

neurosarcoidosis involves the usage of computed 

tomography (CT) and Gadolinium-enhanced 

magnetic resonance imaging (MRI), the latter being 

the current gold standard for assessing the brain 

parenchyma, meninges, and spinal cord80. The most 

common MRI finding is basilar leptomeningeal 

involvement, presenting as diffuse thickening of the 

dural meninges; but focal masses, persistent 

pseudotumor changes, and involvement of 

hypothalamus/pituitary and cranial nerves are also 

noted in neurosarcoidosis81,82. CT scans may show 

hydrocephalus, intracranial calcification, and 

enhancing nodules, but they lack the sensitivity of 

MRI modalities76.  

Due to the multi-organ nature of sarcoidosis and 

subsequent neurosarcoidosis, chest radiography is 

an indicated tool for ruling out pulmonary disease, 

as the lungs are the most affected organ, and most 

frequently present with hilar lymphadenopathy76,83. 

Although the decreased sensitivity of chest 

radiographs presents an inherent drawback in 

diagnosing neurosarcoidosis, chest radiography was 

involved in correct diagnoses 71% of the time in 

observational cohort studies by Zajicek et al5. The use 

of fluorodeoxyglucose positron emission 

tomography (FDG-PET) can likewise assist in 

differentiating granulomatous lesions in 

neurosarcoidosis from potential malignancy and 

have been noted as a more useful modality for 

targeting hypermetabolic lesions for biopsy than CT 

and MRI84. These modalities are seldom used, 

however, due to their limited availability and cost. To 

be noted, the use of Gallium-67 scintigraphy and 



 28 Shawn Khan, Khushi Saigal, Juan Varela et al. 

similar radioisotopic imaging studies have been 

noted within the literature; these studies can aid in 

detecting perfusion defects indicative of diminished 

circulation, as well as sarcoidosis of the lacrimal and 

parotid glands denoted as the “panda sign”78,82.  

 

Laboratory and CSF studies 

Those who are suspected of neurosarcoidosis 

should have a cerebral spinal fluid (CSF) analysis. 

While the CSF analysis is not very specific to 

diagnosing neurosarcoidosis, the testing could be 

potentially helpful to determine if there is a 

malignancy or infection that is mimicking the clinic 

manifestations of neurosarcoidosis19,85. 

Abnormalities in the CSF are a frequent occurrence 

in neurosarcoidosis, with one study finding CSF 

abnormalities in over 80% of cases5. Commonly 

found elevated in the CSF of patients with 

neurosarcoidosis was an increased ratio of 

lymphocytes C4/CD8 of greater than 582. Proteins 

levels, IgG levels, and glucose levels are either 

normal or low19,82. Angiotensin converting enzyme 

(ACE) is often used in terms of raised protein levels, 

however the significance of the raised ACE levels in 

the CSF is yet to be understood5,19.  

Studies have shown that ACE has low specificity 

and sensitivity for neurosarcoidosis and the levels of 

ACE in CSF are not likely a key player in diagnosing 

neurosarcoidosis86,87. Another component that may 

also be taken into account when making a diagnosis 

is the elevated levels of CSF interleukin 2 receptor. 

Petereit et al. found that the increase in the levels of 

interleukin 2 receptor in CSF was associated with the 

disease activity85. Overall CSF analysis could 

potentially be useful in eliminating other diagnoses, 

but it does not provide a definitive answer for the 

diagnosis of neurosarcoidosis. The continued 

advancement of medical technologies and research 

have produced novel techniques for improving 

neurosarcoidosis diagnosis. Future considerations 

for physicians should include multiplex or broad-

range universal PCR and agnostic metagenomic 

next-generation sequencing for use in specialized 

laboratory settings; these emerging diagnostic 

modalities have demonstrated promise in improving 

diagnosis compared to standard CSF culture19,88. 

  

Histopathology 

Biopsy of leptomeningeal tissue is pursued when 

assessing a patient for neurosarcoidosis; however, 

due to the high-risk and invasive nature of targeting 

brain and intracranial tissue, it is often not 

performed76. Nevertheless, brain or cerebrospinal 

meningeal biopsy remains the gold standard for 

confirming a definite neurosarcoidosis diagnosis82. 

Peripheral nerve biopsies are also used for patients 

who may have diabetes mellitus to rule out the role 

of diabetes in the diagnosis, due to the similarity in 

symptomatology and the possibility of patients 

without symptoms19.  

Another option that was previously available was 

the Kveim-Siltzbach test or Kevin skin test. This 

modality involves inoculating a patient with a 

sarcoidal spleen tissue intradermally for about 5 to 6 

weeks after which a skin biopsy is taken5. The test 

was found to have a high specificity of 95% for 

neurosarcoidosis and also a sensitivity of 79%89. 

However, the Kveim skin test is not used anymore 

due to safety concerns over the transmission of 

diseases and the material used for this test, 

specifically the inoculation material that was 

obtained from human spleen specimens that is no 

longer available83,90. 

 

Treatment 

Much of our understanding of neurosarcoidosis 

comes from autopsy and retrospective studies 

assessing neurosarcoidosis investigation, treatment, 

and disease course83. Historically, the treatment of 

neurosarcoidosis has been subject to similar 

immunopathogenic targeting as seen in systemic 

manifestations of the disease19. Current first-line 

treatment indicates the use of corticosteroids, 

although its usage as a monotherapy has become 

less indicated due to the increased risk of relapse 

and the contraindications of high dose corticosteroid 

use. Second-line treatment includes the use of 

synthetic disease-modifying antirheumatic drugs 

(csDMARDs), including methotrexate, azathioprine, 

mycophenolate, hydroxychloroquine, and 

leflunomide19,79,81.  

Methotrexate remains the most utilized second-

line treatment, due to its associations with decreased 

disease-relapse in comparison to the less commonly 

used azathioprine, mycophenolate, and 

hydroxychloroquine91. Third-line treatments like 

anti-tumor necrosis factor drugs (anti-TNF) and 

cytotoxic agent have historically been used only after 

the aforementioned failed, yet recent use of 

infliximab and adalimumab have shown promise in 
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clinical cohort studies91,92. Third-line cytotoxic agents 

like cyclophosphamide have decreased in usage in 

recent years due to their high toxicity, yet 

observational studies like Joubert et al, retain that it 

may still be useful in severe neurological 

presentations for neurosarcoidosis, such as in 

stroke20. Overall, the literature indicates first-line 

corticosteroid administration benefits from being 

paired with a second-line treatment like 

methotrexate, improving the drug response and 

reducing the drug-toxicity of corticosteroid usage 

alone4. Figure 3 depicts the respective lines of 

treatment for neurosarcoidosis.  

 

 
 

Figure 3. Neurosarcoidosis lines of treatment for 

neurosarcoidosis. 

 

Emerging Treatment 

Neurosarcoidosis, being a relatively rare and 

understudied manifestation of sarcoidosis, lacks the 

relevant literature needed to prove the efficacy of 

pharmacological treatments. Consequently, there 

are no FDA-approved pharmacotherapies on the 

market indicated for neurosarcoidosis—only off-

label uses of other therapies. On the other hand, the 

use of prednisone and repository corticosteroid 

injections (RCI) have been FDA-approved for general 

sarcoidosis. Current literature regarding the therapy 

of neurosarcoidosis is composed of retrospective 

studies and case studies, and thus far, no 

randomized controlled trials concerning treatment 

strategies have been completed93. Generally, 

treatment options are derived from studies with 

regards to the care of pulmonary or general 

sarcoidosis94. Due to the variability of clinical 

manifestation, severity, and causes, it is imperative 

that treatments are studied and developed 

specifically to target neurosarcoidosis, and a few 

emerging treatments look to do so. 

As mentioned previously, repository 

corticotropin injections (RCI), marketed as Acthar 

Gel, is an FDA-approved treatment for sarcoidosis 

and several other conditions95. In patients with both 

general and pulmonary sarcoidosis, RCI use has 

been shown to reduce the burden of corticosteroids 

and displayed therapeutic benefit in several 

studies96-98. A study reviewing the use of RCI in 

patients with sarcoidosis, including 

neurosarcoidosis, showed improvements in 

objective measures after three months of RCI use as 

well as a reduction in prednisone dosage97.  

A clinical trial by the Cleveland Clinic aimed to 

assess the use of Acthar therapy for 

neurosarcoidosis, but was withdrawn due to 

difficulty of recruitment, reaffirming the rarity of this 

disease (NCT02920710). Another exploratory 

therapy is rituximab, a monoclonal antibody that 

targets and depletes CD20+ B-cells99. In refractory 

cases or when steroid use is contraindicated, case 

reports have shown the effectiveness of rituximab in 

the therapy of neurosarcoidosis100-102. 

Single-institution retrospective reviews 

evaluating the use of rituximab in refractory 

sarcoidosis demonstrated symptomatic relief in the 

case of granulomatous disease of the eye and a 

generally positive prognosis103,104. Cibinetide 

(ARA290) is an amino acid peptide derived from 

erythropoietin and acts by reducing inflammatory 

and fibrotic responses. These therapeutic targets 

make it advantageous in targeting sarcoidosis-

associated small nerve fiber loss (SNFL), as a 

prevalent hypothesis behind its etiology is systemic 

inflammation105. Literature has shown that it is not 

only effective in reversing SNFL but also increasing 

the density of corneal nerve fibers106. Along with 

these pathological markers, Dahan et al. noted 

improved patient-reported outcomes and increased 

exercise capacity using the 6-minute walk test106.  

Double-blinded, phase 2 studies with regular 

administration of cibinetide in sarcoidosis patients 

have established safety and shown significant 

improvements in neuropathic symptoms and a 

decrease in pain intensity107,108. The use of 

randomized controlled trials in the studies of 

cibinetide and their positive results make it 

promising in the development of neurosarcoidosis-

specific therapy regimens. JAK-STAT inhibitors have 

also shown some potential in the treatment of 

neurosarcoidosis. Genes associated with the JAK-
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STAT signaling pathway were differentially expressed 

between sarcoidosis patients and healthy controls, 

indicating that JAK-STAT may be implicated in the 

pathogenesis of sarcoidosis109. Specifically, 

Rosenbaum et al. revealed that granulomas in the 

lymph nodes of sarcoidosis patients expressed 

higher levels of STAT1 compared to control levels. 

Considering the possible immunologic basis for 

sarcoidosis, this is a possible therapeutic target. 

Recent studies have shown that the use of Janus 

kinase inhibitors have resulted in the clinical 

remission of lesions associated with 

sarcoidosis110,111. Damsky et al. looked at the use of 

tofacitinib, a JAK inhibitor, in the treatment of one 

patient with multiorgan sarcoidosis which resulted in 

the resolution of inflammation from granulomas and 

a reduction in disease biomarkers111. All in all, a lack 

of conclusive RCTs and general literature regarding 

neurosarcoidosis therapy remains a major barrier to 

developing comprehensive treatment strategies. 

 

CONCLUSION 

In conclusion, neurosarcoidosis stands as a 

challenging and multifaceted entity within the 

spectrum of inflammatory disorders. The intricacies 

of its clinical presentation, diagnostic hurdles, and 

potential mimics necessitate a meticulous approach 

to ensure accurate identification and appropriate 

management. As highlighted in this review, 

advancements in diagnostic tools, ranging from 

imaging modalities to laboratory studies, play a 

pivotal role in differentiating neurosarcoidosis from 

its fungal etiologies. Treatment strategies, currently 

anchored in corticosteroids and disease-modifying 

antirheumatic drugs, are witnessing the emergence 

of novel therapeutic options, offering hope for more 

specific and efficacious interventions.  

The current understanding of neurosarcoidosis 

presented in this review highlights the need for 

controlled trials to further the knowledge base 

surrounding diagnosis and treatment. As we 

navigate the evolving landscape of diagnostic and 

therapeutic approaches, this exploration provides a 

foundation for continued advancements in the 

understanding and management of 

neurosarcoidosis. 

 
 

REFERENCES 
1.  Fritz D, van de Beek D, Brouwer MC. Clinical features, 

treatment and outcome in neurosarcoidosis: systematic 

review and meta-analysis. BMC Neurol. 2016;16(1):220. 

Published 2016 Nov 15. d186/s12883-016-0741-x 

2. Barreras P, Stern BJ. Clinical features and diagnosis of 

neurosarcoidosis - review article. J Neuroimmunol. 

2022;368:577871. doi:10.1016/j.jneuroim.2022.577871 

3. Kidd DP. Neurosarcoidosis: clinical manifestations, 

investigation and treatment. Pract Neurol. 

2020;20(3):199-212. doi:10.1136/practneurol-2019-

002349 

4. Bradshaw MJ, Pawate S, Koth LL, Cho TA, Gelfand JM. 

Neurosarcoidosis: Pathophysiology, Diagnosis, and 

Treatment. Neurol Neuroimmunol Neuroinflamm. 

2021;8(6):e1084. Published 2021 Oct 4. 

doi:10.1212/NXI.0000000000001084 

5. Zajicek JP, Scolding NJ, Foster O, et al. Central nervous 

system sarcoidosis--diagnosis and management. QJM. 

1999;92(2):103-117. doi:10.1093/qjmed/92.2.103 

6. Stern BJ, Royal W 3rd, Gelfand JM, et al. Definition and 

Consensus Diagnostic Criteria for Neurosarcoidosis: 

From the Neurosarcoidosis Consortium Consensus 

Group. JAMA Neurol. 2018;75(12):1546-1553. 

doi:10.1001/jamaneurol.2018.2295 

7. Challa S. Granulomatous diseases of the central nervous 

system: Approach to diagnosis. Indian J Pathol Microbiol. 

2022;65(Supplement):S125-S134. 

doi:10.4103/ijpm.ijpm_1067_21 

8. Zumla A, James DG. Granulomatous infections: etiology 

and classification. Clin Infect Dis. 1996;23(1):146-158. 

doi:10.1093/clinids/23.1.146 

9. Crouser ED, Smith RM, Culver DA, et al. A Pilot 

Randomized Trial of Transdermal Nicotine for Pulmonary 

Sarcoidosis. Chest. 2021;160(4):1340-1349. 

doi:10.1016/j.chest.2021.05.031 

10. Nozaki K, Judson MA. Neurosarcoidosis. Curr Treat 

Options Neurol. 2013  

Aug;15(4):492-504. doi: 10.1007/s11940-013-0242-9. 

PMID: 23703311. 

11. Terushkin V, Stern BJ, Judson MA, Hagiwara M, Pramanik 

B, Sanchez M, Prystowsky S. Neurosarcoidosis: 

presentations and management. Neurologist. 2010 

Jan;16(1):2-15. doi: 10.1097/NRL.0b013e3181c92a72. 

Erratum in: Neurologist. 2010 Mar;16(2):140. PMID: 

20065791. 

12. Chapelon C, Ziza JM, Piette JC, et al. Neurosarcoidosis: 

signs, course and treatment in 35 confirmed cases. 

Medicine (Baltimore) 1990; 69:261–76. 

13. Aksamit, A. (2008). Neurosarcoidosis. CONTINUUM 

Lifelong Learning in Neurology, 14(1), 181-196. 

https://doi.org/10.1212/01.CON.0000299992.09447.2b 

14. Berek K, Kiechl S, Willeit J, Birbamer G, Vogl G, 

Schmutzhard (1993) Subarachnoid haemorrhage as 

presenting feature of isolated neurosarcoidosis. Clin 

Investig 71:54–56 

15.  Kieff DA, Boey H, Schaefer PW, Goodman M, Joseph MP 

(1997) Isolated neurosarcoidosis presenting as anosmia 

and visual changes. Arch Otolaryngol Head Neck Surg 

117:183–186 



 31 Neurosarcoidosis: overview of management and differentiation from fungal aetiologies 

16.  Mafee MF, Dorodi S, Pai E (1999) Sarcoidosis of the eye, 

orbit, and central nervous system. Role of MR imaging. 

Radiol Clin North Am 37:73–87 

17. Mayock RL, Bertrand P, Morrison LE, Scott JH (1963) 

Manifestations of sarcoidosis. Am J Med 35:67–89 

18. Allen RK, Sellars RE, Sandstrom PA. A prospective study 

of 32 patients with neurosarcoidosis. Sarcoidosis Vasc 

Diffuse Lung Dis. 2003;20(2):118– 25. 

19. Gosselin, J., Roy-Hewitson, C., Bullis, S.S.M. et al. 

Neurosarcoidosis: Phenotypes, Approach to Diagnosis 

and Treatment. Curr Rheumatol Rep 24, 371–382 (2022). 

https://doi.org/10.1007/s11926-022-01089-z 

20. Joubert B, Chapelon-Abric C, Biard L, Saadoun D, 

Demeret S, Dormont D, Resche-Rigon M, Cacoub P. 

Association of Prognostic Factors and 

Immunosuppressive Treatment With Long-term 

Outcomes in Neurosarcoidosis. JAMA Neurol. 2017 Nov 

1;74(11):1336-1344. doi: 10.1001/jamaneurol.2017.2492. 

PMID: 29052709; PMCID: PMC5710577. 

21. Herring AB, Urich H. Sarcoidosis of the central nervous 

system. J Neurol Sci. 1969;9(3):405–22. 

https://doi.org/10.1016/0022-510x(69)90086-0. 

22. Meyer JS, Foley JM, Campagna-Pinto D. Granulomatous 

angiitis of the meninges in sarcoidosis. AMA Arch Neurol 

Psychiatry. 1953;69(5):587–600. 

https://doi.org/10.1001/archneurpsyc.1953.0232029003

9005. 

23. Reske-Nielsen E, Harmsen A. Periangiitis and panangiitis 

as a manifestation of sarcoidosis of the brain: report of a 

case. J Nerv Ment Dis. 1962;135:399–412. 

https://doi.org/10.1097/00005053-196211000-00003. 

24.  Brooks ML, Wang AM, Black PM, Haikal N (1989) 

Subdural mass lesion secondary to sarcoid granuloma. 

MR and CT findings and differential diagnosis. Comp 

25. Chaix Y, Grouteau E, Sevely A, Boetto S, Delisle MB, 

Carrière JP (1997) Formes pseudo-tumorales de la 

neurosarcoïdose chez l’enfant. Rev Neurol (Paris) 

153:771–774 

26. Clark WC, Acker JD, Dohan FC, Robertson JH (1981) 

Presentation of central nervous system sarcoidosis as 

intracranial tumours. Surg Neurol 63:851–856 

27. Decker RE, Mardayat M, Marc J, Rasool A (1979) 

Neurosarcoidosis with computerised tomographic 

visualisation and transsphenoidal excision of a supra- 

and intrasellar granuloma. Case report. J Neurosurg 

50:814–816 

28. Elias WJ, Lanzino G, Reitmeyer M, Jane JA (1999) Solitary 

sarcoid granuloma of the cerebellopontine angle. A case 

report. Surg Neurol 51:185–190 

29.  Grand S, Hoffmann D, Bost F, FrancoisJoubert A, 

Pasquier B, Le Bas JF (1996) Case report: pseudotumoral 

brain lesion as the presenting feature of sarcoidosis. Br J 

Radiol 69:272–275. 

30. Healton EB, Zito G, Chauhan P, Brust JCM (1982) 

Intracranial subdural sarcoid granuloma. Case report. J 

Neurosurg 56:728–731  

31. Jackson RJ, Goodman JC, Huston DP, Harper RL (1998) 

Parafalcine and bilateral convexity neurosarcoidosis 

mimicking meningioma: case report and review of the 

literature. Neurosurgery 42:635–638 

32.  Krejchi D, Caldemeyer KS, Vakili ST, Michael BP (1998) 

Neurosarcoidosis resembling meningioma: MRI 

characteristics and pathologic correlation. J 

Neuroimaging 8:177–179 

33.  Larner AJ, Ball JA, Howard RS (1999) Sarcoid tumour: 

continuing diagnostic problems in the MRI era. J Neurol 

Neurosurg Psychiatry 66:510–512 

34.  Lipper MH, Goldstein JM (1998) Neurosarcoidosis 

mimicking a cerebellopontine angle meningioma. AJR Am 

J Roentgenol 171:275–276 

35. Nataf F, Devaux B, Lamy C, FalletBianco C, Roux FX (1993) 

Localisation sphéno-caverneuse de la neurosarcoïdose 

méningée. A propos d’un cas et revue de la literature. 

Neurochirurgie 39:128–131 

36.  Osenbach RK, Blumenkopf B, Ramirez Jr H, Gutierrez J 

(1986) Meningeal neurosarcoidosis mimicking convexity 

en plaque meningioma Surg Neurol 26:387–390 

37.  Ranoux D, Devaux B, Lamy C, Mear JY, Roux FX, Mas JL 

(1992) Meningeal sarcoidosis, pseudo-meningioma, and 

pachymeningitis of the convexity. J Neurol Neurosurg 

Psychiatry 55:300–303 

38.  Seltzer S, Mark AS, Atlas SW (1991) CNS sarcoidosis: 

evaluation with contrast-enhanced MR imaging. AJNR Am 

J Neuroradiol 12:1227–1233 

39. Skilikorn SA, Garrity RW (1955) Intracranial Boeck’s 

sarcoid tumour resembling meningioma. J Neurosurg 

12:407–413 

40.  Urbach H, Kristof R, Zentner J, Brechtelsbauer D, 

Solymosi L, Wolf HK (1997) Sarcoidosis presenting as an 

intra- or extra-axial cranial mass: report of two cases. 

Neuroradiology 39:516–519 

41. Chen RC, McLeod JG (1989) Neurological complications of 

sarcoidosis. Clin Exp Neurol 26:99–112 

42.  Delaney P (1977) Neurological manifestations in 

sarcoidosis: review of the literature, with report of 23 

cases. Ann Intern Med 87:336–345 

43. Luke RA, Stern BJ, Krumholz A, Johns CJ (1987) 

Neurosarcoidosis: the longterm clinical course. 

Neurology 37:461–463 

44.  Sharma OP, Sharma AM (1991) Sarcoidosis of the 

nervous system: a clinical approach. Arch Intern Med 

151:1317–1321 

45. S. Pawate, H. Moses, S. Sriram, Presentations and 

outcomes of neurosarcoidosis: a study of 54 cases, QJM: 

An International Journal of Medicine, Volume 102, Issue 

7, July 2009, Pages 449–460, 

https://doi.org/10.1093/qjmed/hcp042 

46. Tavee JO, Stern BJ. Neurosarcoidosis. Clin Chest Med. 

2015 Dec;36(4):643-56. doi: 10.1016/j.ccm.2015.08.007. 

Epub 2015 Sep 26. PMID: 26593139. 

47. Bandyopadhyay T, Das D, Das SK, Ghosh A. A case of 

neurosarcoidosis presenting with multiple cranial nerve 

palsy. J Assoc Physicians India. 2003 Mar;51:328-9. PMID: 

12839373. 



 32 Shawn Khan, Khushi Saigal, Juan Varela et al. 

48.  Palacios E, Rigby PL, Smith DL. Cranial neuropathy in 

neurosarcoidosis. Ear Nose Throat J. 2003 Apr;82(4):251-

2. PMID: 12735154. 

49. DeBroff BM, Donahue SP. Bilateral optic neuropathy as 

the initial manifestation of systemic sarcoidosis. Am J 

Ophthalmol. 1993 Jul 15;116(1):108-11. doi: 

10.1016/s0002-9394(14)71759-3. PMID: 8328532. 

50. James DG, Zatouroff MA, Trowell J, Rose FC. Papilloedema 

in sarcoidosis. Br J Ophthalmol. 1967 Aug;51(8):526-9. 

doi: 10.1136/bjo.51.8.526. PMID: 6035953; PMCID: 

PMC506439. 

51.  Karma, A., Huhti, E., & Poukkula, A. (1988). Course and 

outcome of ocular sarcoidosis. American journal of 

ophthalmology, 106(4), 467-472. 

52. Westlake WH, Heath JD, Spalton DJ. Sarcoidosis Involving 

the Optic Nerve and Hypothalamus. Arch Ophthalmol. 

1995;113(5):669–670. 

doi:10.1001/archopht.1995.01100050137044 

53. Shen J, Lackey E, Shah S. Neurosarcoidosis: Diagnostic 

Challenges and Mimics A Review. Curr Allergy Asthma 

Rep. 2023 Jul;23(7):399-410. doi: 10.1007/s11882-023-

01092-z. Epub 2023 May 31. PMID: 37256482; PMCID: 

PMC10230477. 

54. Sharma BS, Khosla VK, Kak VK, Banerjee AK, Vasishtha RK, 

Prasad KS, Sharma SC, Mathuriya SN, Tewari MK, Pathak 

A. Intracranial fungal granuloma. Surg Neurol. 1997 

May;47(5):489-97. doi: 10.1016/s0090-3019(96)00209-1. 

PMID: 9131036. 

55. Riley TT, Muzny CA, Swiatlo E, Legendre DP. Breaking the 

Mold: A Review of Mucormycosis and Current 

Pharmacological Treatment Options. Ann Pharmacother. 

2016;50(9):747-757. doi:10.1177/1060028016655425 

56. Meas T, Mouly S, Kania R, et al. Zygomycosis: an 

uncommon cause for peripheral facial palsy in diabetes. 

Diabetes Metab. 2007;33(3):227-229. 

doi:10.1016/j.diabet.2006.12.001 

57. Nagendra V, Thakkar KD, Prasad Hrishi A, Prathapadas U. 

A Rare Case of Rhinocerebral Mucormycosis Presenting 

as Garcin Syndrome and Acute Ischemic Stroke. Indian J 

Crit Care Med. 2020;24(11):1137-1138. doi:10.5005/jp-

journals-10071-23643 

58. Kirkland TN, Fierer J. Coccidioides immitis and posadasii; 

A review of their biology, genomics, pathogenesis, and 

host immunity. Virulence. 2018;9(1):1426-1435. 

doi:10.1080/21505594.2018.1509667 

59. Galgiani JN, Ampel NM, Blair JE, et al. 2016 Infectious 

Diseases Society of America (IDSA) Clinical Practice 

Guideline for the Treatment of Coccidioidomycosis. Clin 

Infect Dis. 2016;63(6):e112-e146. doi:10.1093/cid/ciw360 

60. Johnson R, Ho J, Fowler P, Heidari A. Coccidioidal 

Meningitis: A Review on Diagnosis, Treatment, and 

Management of Complications. Curr Neurol Neurosci 

Rep. 2018;18(4):19. Published 2018 Mar 13. 

doi:10.1007/s11910-018-0824-8 

61. Tan LA, Kasliwal MK, Nag S, O'Toole JE, Traynelis VC. 

Rapidly progressive quadriparesis heralding 

disseminated coccidioidomycosis in an 

immunocompetent patient. J Clin Neurosci. 

2014;21(6):1049-1051. doi:10.1016/j.jocn.2013.07.040 

62. Ho J, Fowler P, Heidari A, Johnson RH. Intrathecal 

Amphotericin B: A 60-Year Experience in Treating 

Coccidioidal Meningitis. Clin Infect Dis. 2017;64(4):519-

524. doi:10.1093/cid/ciw794 

63. Drake KW, Adam RD. Coccidioidal meningitis and brain 

abscesses: analysis of 71 cases at a referral center. 

Neurology. 2009;73(21):1780-1786. 

doi:10.1212/WNL.0b013e3181c34b69 

64. Lo Re V 3rd, Gluckman SJ. Eosinophilic meningitis. Am J 

Med. 2003;114(3):217-223. doi:10.1016/s0002-

9343(02)01495-x 

65. Stockamp NW, Thompson GR 3rd. Coccidioidomycosis. 

Infect Dis Clin North Am. 2016;30(1):229-246. 

doi:10.1016/j.idc.2015.10.008 

66. Bamberger DM, Pepito BS, Proia LA, et al. Cerebrospinal 

fluid Coccidioides antigen testing in the diagnosis and 

management of central nervous system 

coccidioidomycosis. Mycoses. 2015;58(10):598-602. 

doi:10.1111/myc.12366 

67. Stevens DA, Zhang Y, Finkelman MA, Pappagianis D, 

Clemons KV, Martinez M. Cerebrospinal Fluid (1,3)-Beta-

d-Glucan Testing Is Useful in Diagnosis of Coccidioidal 

Meningitis. J Clin Microbiol. 2016;54(11):2707-2710. 

doi:10.1128/JCM.01224-16 

68. Lang R, Stokes W, Lemaire J, Johnson A, Conly J. A case 

report of Coccidioides posadasii meningoencephalitis in 

an immunocompetent host. BMC Infect Dis. 

2019;19(1):722. Published 2019 Aug 16. 

doi:10.1186/s12879-019-4329-0 

69. Antinori S, Corbellino M, Meroni L, Resta F, Sollima S, 

Tonolini M, Tortorano AM, Milazzo L, Bello L, Furfaro E, 

Galli M, Viscoli C. Aspergillus meningitis: a rare clinical 

manifestation of central nervous system aspergillosis. 

Case report and review of 92 cases. J Infect. 2013 

Mar;66(3):218-38. doi: 10.1016/j.jinf.2012.11.003. Epub 

2012 Nov 21. PMID: 23178421; PMCID: PMC7112586. 

70. Sonneville R, Magalhaes E, Meyfroidt G. Central nervous 

system infections in immunocompromised patients. Curr 

Opin Crit Care. 2017 Apr;23(2):128-133. doi: 

10.1097/MCC.0000000000000397. PMID: 28169858. 

71. Abassi M, Boulware DR, Rhein J. Cryptococcal Meningitis: 

Diagnosis and Management Update. Curr Trop Med Rep. 

2015;2(2):90-99. doi:10.1007/s40475-015-0046-y 

72. Temfack E, Rim JJB, Spijker R, et al. Cryptococcal Antigen 

in Serum and Cerebrospinal Fluid for Detecting 

Cryptococcal Meningitis in Adults Living With Human 

Immunodeficiency Virus: Systematic Review and Meta-

Analysis of Diagnostic Test Accuracy Studies. Clin Infect 

Dis. 2021;72(7):1268-1278. doi:10.1093/cid/ciaa1243 

73. Pappas PG. Cryptococcal infections in non-HIV-infected 

patients. Trans Am Clin Climatol Assoc. 2013;124:61-79. 

74. Poley M, Koubek R, Walsh L, McGillen B. Cryptococcal 

Meningitis in an Apparent Immunocompetent Patient. J 

Investig Med High Impact Case Rep. 



 33 Neurosarcoidosis: overview of management and differentiation from fungal aetiologies 

2019;7:2324709619834578. 

doi:10.1177/2324709619834578 

75. Regmi BU, Pathak BD, Subedi RC, et al. Neuro-

cryptococcosis in an immunocompetent individual with 

radiologically atypical findings: a case report and review 

of literature. Oxf Med Case Reports. 

2023;2023(3):omad016. Published 2023 Mar 25. 

doi:10.1093/omcr/omad016 

76. Stern BJ, Krumholz A, Johns C, Scott P, Nissim J. 

Sarcoidosis and its neurological manifestations. Arch 

Neurol. 1985 Sep;42(9):909-17. doi: 

10.1001/archneur.1985.04060080095022. PMID: 

3896208. 

77. Joseph FG, Scolding NJ. Neurosarcoidosis: a study of 30 

new cases. J. Neurol. Neurosurg. Psychiatry. 

2009;80(3):297–304. 

78. Hunninghake GW, Costabel U, Ando M, Baughman R, 

Cordier JF, du Bois R, Eklund A, Kitaichi M, Lynch J, Rizzato 

G, Rose C, Selroos O, Semenzato G, Sharma OP. 

ATS/ERS/WASOG statement on sarcoidosis. American 

Thoracic Society/European Respiratory Society/World 

Association of Sarcoidosis and other Granulomatous 

Disorders. Sarcoidosis Vasc Diffuse Lung Dis. 1999 

Sep;16(2):149-73. PMID: 10560120. 

79. Lacomis D. Neurosarcoidosis. Curr Neuropharmacol. 

2011 Sep;9(3):429-36. 

doi:10.2174/157015911796557975. PMID: 22379457; 

PMCID: PMC3151597. 

80. Williams D. W. D., Elster A. D., Kramer S. 

I.Neurosarcoidosis: gadolinium-enhanced MR imaging. J. 

Comput. Assist. Tomogr.141990704707 

81. Lower EE, Broderick JP, Brott TG, Baughman RP. 

Diagnosis and management of neurological sarcoidosis. 

Arch Intern Med. 1997 Sep 8;157(16):1864-8. PMID: 

9290546. 

82. Hebel, R., Dubaniewicz-Wybieralska, M. & Dubaniewicz, 

A. Overview of neurosarcoidosis: recent advances. J 

Neurol 262, 258–267 (2015). 

https://doi.org/10.1007/s00415-014-7482-9 

83. Ibitoye RT, Wilkins A, Scolding NJ. Neurosarcoidosis: a 

clinical approach to diagnosis and management. J 

Neurol. 2017 May;264(5):1023-1028. doi: 

10.1007/s00415-016-8336-4. Epub 2016 Nov 22. PMID: 

27878437; PMCID: PMC5413520. 

84. Segal BM (2013) Neurosarcoidosis: diagnostic 

approaches and therapeutic strategies. Curr Opin Neurol 

26:307–313 

85. Petereit, HF., Reske, D., Tumani, H. et al. Soluble CSF 

interleukin 2 receptor as indicator of neurosarcoidosis. J 

Neurol 257, 1855–1863 (2010). 

https://doi.org/10.1007/s00415-010-5623-3 

86. Bridel C, Courvoisier DS, Vuilleumier N, Lalive PH. 

Cerebrospinal fluid angiotensin-converting enzyme for 

diagnosis of neurosarcoidosis. J Neuroimmunol. 

2015;285:1–3. 

https://doi.org/10.1016/j.jneuroim.2015.05.020. 

87. Chopra A, Kalkanis A, Judson MA. Biomarkers in 

sarcoidosis. Expert Rev Clin Immunol. 2016;12(11):1191–

208. https://doi.org/10.1080/1744666x.2016.1196135. 

88. Simner PJ, Miller S, Carroll KC. Understanding the 

Promises and Hurdles of Metagenomic Next-Generation 

Sequencing as a Diagnostic Tool for Infectious Diseases. 

Clin Infect Dis. 2018;66(5):778–88. 

89. Hirsch JG, Cohn ZA, Morse SI, Schaedler RW, Siltzbach LE, 

Ellis JT, et al. Evaluation of the Kveim reaction as a 

diagnostic test for sarcoidosis. N Engl J Med. 

1961;265:827–830. doi: 

10.1056/NEJM196110262651703. 

90. Marangoni, S., Argentiero, V. & Tavolato, B. 

Neurosarcoidosis. J Neurol 253, 488–495 (2006). 

https://doi.org/10.1007/s00415-005-0043-5 

91. Gelfand JM, Bradshaw MJ, Stern BJ, Clifford DB, Wang Y, 

Cho TA, et al. Infliximab for the treatment of CNS 

sarcoidosis: a multi-institutional series. Neurology. 

2017;89(20):2092–100. 

92. Hutto SK, Kyle K, Cavanagh JJ, Reda H, Venna N. 

Adalimumab for CNS sarcoidosis: single-center 

experience and literature review. J Neurol. 

2022;269(4):2064–72. https://doi.org/10.1007/s00415-

021-10793-2. 

93. Fritz D, Voortman M, van de Beek D, Drent M, Brouwer 

MC. Many faces of neurosarcoidosis: from chronic 

meningitis to myelopathy. Curr Opin Pulm Med. 2017 

Sep;23(5):439-446. doi: 

10.1097/MCP.0000000000000401. PMID: 28598872. 

94. Soto-Gomez N, Peters JI, Nambiar AM. Diagnosis and 

Management of Sarcoidosis. Am Fam Physician. 2016 

May 15;93(10):840-8. PMID: 27175719. 

95. Obi ON, Saketkoo LA, Russell AM, Baughman RP. 

Sarcoidosis: Updates on therapeutic drug trials and novel 

treatment approaches. Front Med (Lausanne). 2022 Oct 

12;9:991783. doi: 10.3389/fmed.2022.991783. PMID: 

36314034; PMCID: PMC9596775. 

96. Chopra I, Qin Y, Kranyak J, Gallagher JR, Heap K, Carroll S, 

Wan GJ. Repository corticotropin injection in patients 

with advanced symptomatic sarcoidosis: retrospective 

analysis of medical records. Ther Adv Respir Dis. 2019 

Jan-Dec;13:1753466619888127. doi: 

10.1177/1753466619888127. PMID: 31722624; PMCID: 

PMC6856972. 

97. Baughman RP, Barney JB, O'Hare L, Lower EE. A 

retrospective pilot study examining the use of Acthar gel 

in sarcoidosis patients. Respir Med. 2016 Jan;110:66-72. 

doi: 10.1016/j.rmed.2015.11.007. Epub 2015 Nov 19. 

PMID: 26626451. 

98. Mirsaeidi M, Baughman RP. Repository Corticotropin 

Injection for the Treatment of Pulmonary Sarcoidosis: A 

Narrative Review. Pulm Ther. 2022 Mar;8(1):43-55. doi: 

10.1007/s41030-022-00181-0. Epub 2022 Feb 3. PMID: 

35113366; PMCID: PMC8861221. 

99. Sweiss NJ, Lower EE, Mirsaeidi M, Dudek S, Garcia JG, 

Perkins D, Finn PW, Baughman RP. Rituximab in the 

treatment of refractory pulmonary sarcoidosis. Eur 



 34 Shawn Khan, Khushi Saigal, Juan Varela et al. 

Respir J. 2014 May;43(5):1525-8. doi: 

10.1183/09031936.00224513. Epub 2014 Jan 31. PMID: 

24488568; PMCID: PMC4167390. 

100. Bomprezzi R, Pati S, Chansakul C, Vollmer T. A case of 

neurosarcoidosis successfully treated with rituximab. 

Neurology. 2010 Aug 10;75(6):568-70. doi: 

10.1212/WNL.0b013e3181ec7ff9. PMID: 20697110. 

101. Earle B, Wolf DS, Ramsay ES. Novel Use of Rituximab in 

Treatment of Refractory Neurosarcoidosis in an 11-Year-

Old Girl. J Clin Rheumatol. 2019 Sep;25(6):e101-e103. doi: 

10.1097/RHU.0000000000000900. PMID: 30247223. 

102. Zella S, Kneiphof J, Haghikia A, Gold R, Woitalla D, Thöne 

J. Successful therapy with rituximab in three patients with 

probable neurosarcoidosis. Ther Adv Neurol Disord. 

2018 Oct 26;11:1756286418805732. doi: 

10.1177/1756286418805732. PMID: 30386436; PMCID: 

PMC6204624. 

103. Lower EE, Baughman RP, Kaufman AH. Rituximab for 

refractory granulomatous eye disease. Clin Ophthalmol. 

2012;6:1613-8. doi: 10.2147/OPTH.S35521. Epub 2012 

Oct 5. PMID: 23055686; PMCID: PMC3468281. 

104. Cinetto F, Compagno N, Scarpa R, Malipiero G, Agostini C. 

Rituximab in refractory sarcoidosis: a single centre 

experience. Clin Mol Allergy. 2015 Sep 1;13(1):19. doi: 

10.1186/s12948-015-0025-9. PMID: 26330764; PMCID: 

PMC4556310. 

105. Uçeyler N, Kafke W, Riediger N, He L, Necula G, Toyka KV, 

Sommer C. Elevated proinflammatory cytokine 

expression in affected skin in small fiber neuropathy. 

Neurology. 2010 Jun 1;74(22):1806-13. doi: 

10.1212/WNL.0b013e3181e0f7b3. PMID: 20513817. 

106. Dahan A, Dunne A, Swartjes M, Proto PL, Heij L, Vogels O, 

van Velzen M, Sarton E, Niesters M, Tannemaat MR, 

Cerami A, Brines M. ARA 290 improves symptoms in 

patients with sarcoidosis-associated small nerve fiber 

loss and increases corneal nerve fiber density. Mol Med. 

2013 Nov 8;19(1):334-45. doi: 

10.2119/molmed.2013.00122. Erratum in: Mol Med. 2016 

Oct 20;22:674. PMID: 24136731; PMCID: PMC3883966. 

107. Heij L, Niesters M, Swartjes M, Hoitsma E, Drent M, Dunne 

A, Grutters JC, Vogels O, Brines M, Cerami A, Dahan A. 

Safety and efficacy of ARA 290 in sarcoidosis patients with 

symptoms of small fiber neuropathy: a randomized, 

double-blind pilot study. Mol Med. 2012 Nov 

15;18(1):1430-6. doi: 10.2119/molmed.2012.00332. 

PMID: 23168581; PMCID: PMC3563705. 

108. Culver DA, Dahan A, Bajorunas D, Jeziorska M, van Velzen 

M, Aarts LPHJ, Tavee J, Tannemaat MR, Dunne AN, Kirk RI, 

Petropoulos IN, Cerami A, Malik RA, Brines M. Cibinetide 

Improves Corneal Nerve Fiber Abundance in Patients 

With Sarcoidosis-Associated Small Nerve Fiber Loss and 

Neuropathic Pain. Invest Ophthalmol Vis Sci. 2017 May 

1;58(6):BIO52-BIO60. doi: 10.1167/iovs.16-21291. PMID: 

28475703. 

109. Rosenbaum JT, Pasadhika S, Crouser ED, Choi D, 

Harrington CA, Lewis JA, Austin CR, Diebel TN, Vance EE, 

Braziel RM, Smith JR, Planck SR. Hypothesis: sarcoidosis is 

a STAT1-mediated disease. Clin Immunol. 2009 

Aug;132(2):174-83. doi: 10.1016/j.clim.2009.04.010. Epub 

2009 May 22. PMID: 19464956; PMCID: PMC2733945. 

110. Wang A, Singh K, Ibrahim W, King B, Damsky W. The 

Promise of JAK Inhibitors for Treatment of Sarcoidosis 

and Other Inflammatory Disorders with Macrophage 

Activation: A Review of the Literature. Yale J Biol Med. 

2020 Mar 27;93(1):187-195. PMID: 32226347; PMCID: 

PMC7087061. 

111. Damsky W, Young BD, Sloan B, Miller EJ, Obando JA, King 

B. Treatment of Multiorgan Sarcoidosis With Tofacitinib. 

ACR Open Rheumatol. 2020 Feb;2(2):106-109. doi: 

10.1002/acr2.11112. Epub 2020 Jan 9. PMID: 31916703; 

PMCID: PMC7011417. 

 

 


