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CHAPTER 1: SARCOIDOSIS 

 

Sarcoidosis is a multi-system granulomatous disease of unknown etiology characterized 

by the infiltration of various organs by non-necrotizing granulomas. The first clinical 

description, as lupus pernio, was reported by Besnier in 1889 (Besnier, 1889) while 

Boeck, ten years later, firstly described sarcoid granuloma pathology (Boeck, 1899). 

Nowadays, although it remains a disease of unknow etiology, mechanisms underlying 

granuloma formation are better understood than in the past, including genetic 

susceptibility and environmental factors (Sakthivel, 2017). 

 

1.1 Epidemiology 

Sarcoidosis is a ubiquitous disease, although the prevalence of it varies greatly in 

different populations, from 1-5/100.000 in South Korea, Taiwan and Japan (Park, 

2018; Wu, 2017; Pietinalho, 1995) to 140-160/100.000 in Sweden and Canada 

(Arkema, 2016; Fidler, 2019). The real prevalence and incidence of sarcoidosis is 

however difficult to establish, as asymptomatic individuals may elude 

epidemiological studies and the disease is almost asymptomatic in half of the 

patients. Moreover, a high prevalence of Mycobacterium tuberculosis in many 

regions may lead to a significant sarcoidosis underdiagnosis (Lazarus, 2009). 

The first population study performed in the US reported an age- and sex-adjusted 

incidence of 6,1 per 100.000 person-years, with similar values in males (5,9/100.000) 

and females (6,3/100.000) (Henke, 1986). Different incidence rates were reported by 

later studies, varying from 0,73 to 71 cases per 100.000 person-year, with major 

differences due to ethnicity and race, being lower in Asians and higher in African 

Americans (Rybicki, 1997; Cozier, 2011; Morimoto, 2008). A recent population study 

expanded the first one on the American cohort, extending the original observation 

period (1946-1975) up to 2013 and finding an annual incidence of sarcoidosis of 10,0 

per 100.000 people (9,4 in males and 10,5 in females) (Ungprasert, 2016a). These 

results are in line with those from other studies mainly including Caucasian 

populations (Gribbin, 2006; Hillerdal, 1984; Fazzi 1992). 

Sarcoidosis generally affects adult population, with mean age at diagnosis of 48,3 
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years in males and 42,8 years in females, with a progressive increase over the years 

(Ungprasert, 2016a; Morimoto, 2008). 

In Italy, sarcoidosis is the most prevalent interstitial lung disease, representing 33,7% 

of all diagnosis reported in the national register for rare diffuse infiltrative lung 

disorders. It has a slight predominance in females (54,9%) and a mean age at 

diagnosis of 52,4 years (Tinelli, 2005). 

Many studies investigated potential associations of sarcoidosis with different 

professional or environmental risk factors, supported by temporal and space-time 

clusters. Risk factors include exposure to musty odors, insecticides or to metal-

processing industries while a decreased risk has been linked to cigarette smoking 

(Laney, 2009; Newman, 2004). A high incidence of sarcoidosis was reported in fire 

fighters and other responders after the attacks on the World Trade Center in 2001 

(Crowley, 2011). Moreover, neighborhood socioeconomic position is associated with 

sarcoidosis severity (Harper, 2020) and high deprivation (implying psychological 

stress, decreased use of preventive healthcare, decreased exercise and more) was 

found to be associated with 20% increased odds of sarcoidosis in a study from 

Sweden (Li, 2019). Lastly, several studies reported that obesity, which was 

previously considered as induced by systemic corticosteroid therapy, was associated 

with an increased incidence of sarcoidosis also when present at baseline and prior to 

treatment, mostly in females (Cozier, 2015; Dumas, 2017; Ungprasert, 2016c). 

These reports support the possible role of obesity as a risk factor for sarcoidosis 

(Arkema, 2020). 

Sarcoidosis is usually sporadic, but is reported as familial in 2,9-9,6% of cases in 

different populations (Pietinalho, 1999; Brennan, 1984). The 80-time increased risk 

in monozygotic twins (Sverrild, 2008) and the 3,7-fold increased risk in first degree 

relatives (Rossides, 2018) lend support to the idea that genetic factors may play a 

relevant role in disease susceptibility. 

 

1.2 Etiology and pathogenesis 

The exact cause of sarcoidosis is still unknown and probably both genetic susceptibility 

and environmental factors contribute to disease development. 

Immunologically, sarcoidosis is an exaggerated immune response to hitherto 

unidentified antigens. Two major categories of agents are considered as potential cause 
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of sarcoidosis: microbial organisms and noninfectious environmental agents (organic or 

inorganic) (Lazarus, 2009). 

Many infectious agents have been proposed as possible cause of sarcoidosis. 

Similarities with tuberculosis induced wide investigation on possible involvement of 

Mycobacterium tuberculosis complex, without clear conclusions. Studies based on 

polymerase chain reaction (PCR) techniques identified mycobacterial DNA in over 26% 

of sarcoidosis biopsy specimens, 9- to 19-fold more frequently than in non-sarcoidosis 

tissue control samples (Gupta, 2007). However, these results are not consistently 

reproducible, and due to other pieces of evidence, such as the observation that 

sarcoidosis patients treated with corticosteroids do not show reactivation of 

tuberculosis, a direct role of mycobacterial infection in sarcoidosis remains 

questionable. 

Another well-studied infectious agent is Propionibacterium acnes, due to the detection 

of its DNA in lymph nodes and bronchoalveolar lavage cells from patients with 

sarcoidosis (Eishi, 2002; Hiramatsu, 2003) and to the efficacy of clarithromycin 

administration in some sarcoidosis patients (Takemori, 2014). However, presence of 

Propionibacterium acnes DNA in control tissues and healthy individuals raises concern 

in attributing this organism as a potential agent (Ishige, 2005). 

Ultimately, there is no evidence that sarcoidosis is an infectious disease, but most likely 

it is an exaggerated immune response to pathogen-associated molecular patterns of 

killed and partly degraded mycobacteria and propionibacteria. These agents tend to 

persist in macrophage phagosomes due to their high lipid content in membranes, and 

many of their glycolipoproteins are not very soluble and resist degradation. Various 

studies detected mycobacterial and proprionibacterial pathogen-associated molecular 

patterns in tissues from patients with sarcoidosis substantially more often than in tissues 

from healthy individuals (Chen, 2008; Ishige, 1999). Moreover, several different 

pathogen-associated molecular patterns from mycobacteria and lysates from heat-killed 

propionibacteria induce pulmonary granuloma in mice (Swaisgood, 2011; McCaskill, 

2006). Therefore, it is probable that a microbial-induced host response promotes the 

aggregation and persistence of the non-degradable antigens, forming a nidus for 

granuloma formation and causing sarcoid lesions through an exaggerated immune 

response from the close interaction between macrophages and T cells, which stimulate 

each other (Zissel, 2013). 

Regarding environmental agents, pathogenicity hypothesis are mostly based on 
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variability in prevalence and incidence in different occupational and social context. 

Among many environmental and occupational risks reported in the literature, only 

agriculture-related occupations, mold or musty odors at work, and exposure to 

pesticides reached an odds ratio of 1.5 in the ACCESS study (Newman, 2004). Some of 

these contexts may represent a source of mycobacterial antigens, due to the ability of 

such agents to proliferate in humid and musty environments. Therefore, mechanisms 

underlying sarcoidosis pathogenesis would be similar to a granulomatous 

hypersensitivity pneumonitis (Newman, 2012). Granulomatous inflammation can also 

be seen from exposure to inorganic agents, such as beryllium, zirconium, nickel, 

chromium, and synthetic mineral fibers (Lazarus, 2009). However, both chronic 

beryllium lung disease and hypersensitivity pneumonitis, whose findings may resemble 

that of sarcoidosis, lack extra-thoracic manifestations. Moreover, it must be kept in 

mind that the development of real sarcoidosis requires not only an antigen, but also an 

inflammatory context favoring granuloma formation. 

Genes regulating class I and II human leucocyte antigens (HLA) expression, play an 

important role in the immune response leading to sarcoidosis. Different class I and II 

alleles were reported as associated to increased or reduced risk of developing 

sarcoidosis and to different courses or organ involvement (Lazarus, 2009). In addition, 

other genes outside HLA complex, such as BTNL2 and ANXA11, have shown an 

association to sarcoidosis susceptibility in genome-wide association studies, with 

mechanisms still to be completely understood (Valentonyte, 2005; Hofmann, 2008). 

 

The key pathologic hallmark of sarcoidosis is the compact epithelioid granuloma, and 

disease morbidity is strictly related to the mechanisms that govern granulomatous 

inflammation (Figure 1).  

Granulomas are tiny aggregates of highly differentiated immune cells with discrete 

lymphoid-like structures (Sakthivel, 2017). When circulating monocytes encounter 

foreign antigens, they differentiate in antigen-presenting cells (APCs) such as 

macrophages and dendritic cells (Rivera, 2016). After phagocytosis and degradation of 

the antigens, processed proteins are presented to T-CD4+ lymphocytes, together with 

costimulatory signals. In sarcoidosis patients, an excessive T-CD4+ response in disease 

localizations (as demonstrated by increased CD4/CD8 ratio in bronchoalveolar lavage) 

induces macrophages activation and their transformation into epithelioid cells. This 
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process is mediated by IL-2 and IFNγ production, due to a predominant TH1 response, 

at least during the initial stage of the disease (Kumar, 2010). Macrophages population 

increases also due to recruiting of circulating cells, and their enhanced production of 

TNFα and chemokines further promotes the activation of TH1 lymphocytes, creating a 

self-maintaining loop. Other lymphocytes subtypes, such as TH17, and cytokines, such 

as IL-12, are probably involved in the process (Lazarus, 2009; Sakthivel, 2017). Under 

the influence of inflammatory signals, cell-cell fusion occurs between macrophages and 

monocytes/dendritic cells, creating multinucleated giant cells (MGCs) (Okamoto, 2003). 

In a minority of patients (less than 20%), sarcoidosis can evolve in pulmonary 

parenchyma fibrosis, responsible of major morbidity and mortality. Which factors 

promote fibrosis is still not fully understood, but a switch to at least partial TH2 

lymphocyte polarization can play a role in the process (Chen, 2008). 

Figure 1. Hypothetical model of the 
interactions between 
environmental, microbial, and 
immunologic factors that result in 
granulomatous inflammation in 
sarcoidosis (Chen, 2008) 

 

 

 

 

Ultimately, sarcoid epithelioid granuloma is a cellular attempt to isolate a non-soluble 

or poorly soluble antigen from surrounding tissues which could be damaged by its 

presence. The failure of antigen clearance is constantly fenced by persistent deregulated 

immune cells, preventing further antigen dissemination (Sakthivel, 2017). Sarcoid 

granuloma structure is typically composed of two segments, core and crust. The core 

consists of tight clusters of macrophages, epithelioid cells and some MGCs, typically 

without any necrosis (except rare and scarce fibrinoid necrosis). The crust usually 

exhibits a high number of T lymphocytes and very few B lymphocytes and plasmacells 

(Spector, 1976). 
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1.3 Clinical manifestations 

Sarcoidosis can potentially affect any organ, with extremely variable clinical 

presentations and prognosis (Figure 2). In older studies, up to half of the patients could 

have asymptomatic disease identified on chest X-ray performed for other reasons 

(Reich, 2013). Incidental diagnosis is nowadays rare, reported in 8,4% of patients 

(Mañá, 2017). 

Presentation may be acute or chronic. Patients with acute disease generally have a good 

prognosis, with complete remission during the first 2 years (Bargagli, 2018). Löfgren’s 

syndrome is a clinically distinct phenotype of sarcoidosis with acute onset, characterized 

by fever, bilateral hilar lymphadenopathy, erythema nodosum and arthritis (mainly 

involving lower limbs) (Rubio-Rivas, 2020). It usually occurs between 25 to 40 years, 

with a second peak around 40 to 60 years, and it is more prevalent in women (70%) 

(Karakaya, 2017). Extrapulmonary manifestations are reported in only 12% of patients 

(mainly uveitis, parotitis, facial palsy, skin, liver or spleen involvement), and prognosis 

is positive, being self-remitting in the great majority of cases (Mañá, 2017). Association 

of uveitis, parotitis and facial palsy, often associated with fever, is known as Heerfordt-

Waldenström’s syndrome, which is another acute presentation of sarcoidosis (Bargagli, 

2018). 

Patients with subacute presentations of sarcoidosis often complain general symptoms, as 

fatigue (up to 50-70% of patients) (Drent, 2012), concentration disturbances (Elfferich, 

2010), fever (usually of low grade, but sometimes up to 39-40°C), weight loss and night 

sweats (Crouser, 2020). 

Figure 2. Estimated frequencies of 
extrapulmonary organ involvement (Al-
Kofahi, 2016) 

 

 

 

 

 

 

 

 



13 
 

Respiratory symptoms are found at presentation in 30-53% of patients, mainly cough, 

dyspnea and chest pain (Mañá, 2017; Judson, 2003). Thorax examination is often 

normal, except for scarce expiratory crackles. Bilateral perihilar lymphadenopathy and 

perilymphatic pulmonary micronodules predominant in upper lobes are the most typical 

imaging finding (Jeny, 2020). Pulmonary fibrotic changes may be dominant in late 

stages, with architectural distortion, volume loss and bronchiectasis (Sève, 2021). 

Pulmonary function tests (PFTs) usually show restriction of lung volumes, especially 

forced vital capacity (FVC), and decreased carbon-monoxide diffusing lung capacity 

(DLCO) (Valeyre, 2014), although obstructive patterns can be seen in late stages, due to 

pulmonary fibrosis with bronchial distortion and stenosis or to diffuse bronchial 

granulomatosis or to bronchial compression by lymphadenopathy (Abehsera, 2000; 

Lavergne, 1999; Naccache, 2008). Six-minute walk test (6MWT) distance is often 

reduced (Baughman, 2007). Bronchoalveolar lavage (BAL) shows lymphocytic 

alveolitis in 80% of cases and T lymphocytes CD4/CD8 ratio over 3,5 in 50% of cases; 

neutrophil count may increase in advanced sarcoidosis due to pulmonary fibrosis, with 

unfavourable prognosis (Costabel, 2010). A variable proportion of patients can also 

develop pulmonary arterial hypertension, due to granulomatous involvement of 

pulmonary vessels, parenchymal destruction or compressive mediastinal infiltration 

(Boucly, 2017).  

Symptomatic involvement of upper respiratory tract is reported in 6-15% of patients 

(Rottoli, 2006; Mrówka-Kata, 2010). Sinonasal and laryngeal sarcoidosis are rare (1-

4%) but usually severe (Mrówka-Kata, 2010). Symptoms of sinonasal involvement 

include nasal obstruction, rhinorrhea, anosmia, crusting rhinitis, epistaxis and facial 

pain, and destructive forms are reported (Aubart, 2006). Laryngeal sarcoidosis usually 

involves supraglottis and spares vocal cords, manifesting with hoarseness, inspiratory 

dyspnea and dysphagia (Duchemann, 2014). Tracheal involvement is rare, while 

bronchial sarcoidosis can cause obstructive airway disease due to nodular 

granulomatous lesions in bronchial mucosa or to end-stage pulmonary fibrosis 

(Morgenthau, 2011). 

Lymph nodes are a peculiar localization of sarcoidosis, not only for mediastinal 

perihilar lymphadenopathy: more than 20% of patients present peripheral 

lymphadenopathy involving cervical, axillary, inguinal and epitrochlear glands. 

Affected lymph nodes are usually moderately swollen and painless (Bargagli, 2018; 

Judson, 2008). 
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The skin is the second or third most commonly affected organ, involved in up to one-

third of patients (Caplan, 2020). Cutaneous sarcoidosis is often the first presentation of 

the disease and can remain isolated in more than 30% of cases (Marcoval, 2011). 

Cutaneous findings can be “specific” or “non-specific”, based on the presence or 

absence of classic sarcoidosis granulomas on histological examination. Specific lesions 

include multiple erythematous macules, papules, plaques or subcutaneous nodules; they 

are usually asymptomatic but aesthetically relevant if localized to the face, as in 

classical lupus pernio, consisting in indolent violaceus indurated plaques usually 

affecting nose, cheeks, ear lobes and fingers (Descamps, 2016). Erythema nodosum is 

the most common acute cutaneous manifestation of sarcoidosis, consisting in 

subcutaneous nodules with erythematous halo, mainly localized on the extensor surfaces 

of limbs (Bargagli, 2018); nodules do not contain granulomas, therefore represent a 

non-specific manifestation (Sève, 2021). Other reported manifestations include 

psoriasiform, lichenoid, verrucous or angiolupiod lesions and nail, scars or tattoos 

involvement (Yanardağ, 2003; Haimovic, 2012; Antonovich, 2005). 

Ocular involvement has been reported in 10-50% of patients with sarcoidosis, with 

higher prevalence in African Americans and women, and can present in the absence of 

any apparent systemic involvement (Sève, 2021). All ocular structures may be involved, 

but uveitis is the most frequent presentation (up to 20-30% of patients with sarcoidosis) 

(Bodaghi, 2012). Acute anterior uveitis, typically presenting with pain, hyperemia and 

photophobia, can be associated to Löfgren’s or Heerfordt-Waldenström’s syndromes and 

usually recovers with mild or no visual impairment (Rochepeau, 2017). Chronic 

iridocyclitis, instead, often bilateral, can lead to severe visual impairment due to the 

development of glaucoma, cataract or cystoid macular edema (Birnbaum, 2015; 

Rochepeau, 2017). Other ocular presentations include lacrimal-gland enlargement with 

sicca syndrome, conjunctivitis and optic neuritis (which will be addressed throughout 

next chapters) (Sève, 2021). 

Cardiac involvement is reported in 3 to 39% of patients with systemic sarcoidosis, but 

autoptic series report a prevalence of cardiac granulomas in up to 46,9% of cases (Sève, 

2021). Any part of the heart can be affected, with a predilection for left ventricular wall, 

interventricular septum and conducting system (Nunes, 2010). Patients are mostly 

asymptomatic, but may present chest pain, palpitations, dyspnea, congestive heart 

failure due to cardiomyopathy, pericardial effusion or arrhythmias and the most 

common abnormality is atrioventricular block (Kandolin, 2015). The most typical 
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feature seen in transthoracic echocardiography, highly specific for diagnosis, is 

interventricular thinning, but overall sensitivity is poor (around 25%); other 

echocardiographic findings are increased myocardial wall thickness, ventricular 

aneurysms, ventricular diastolic and systolic disfunction and isolated wall movements 

abnormalities (Kurmann, 2018). Cardiac magnetic resonance imaging (MRI) has both 

sensitivity and specificity over 90%, identifying areas of myocardial damage through 

late gadolinium enhancement, usually with multifocal and patchy distribution 

(Kouranos, 2017). 18F-fluorodeoxyglucose Positron emission tomography/Computed 

tomography (18F-FDG PET/CT) is useful in monitoring disease activity and response to 

treatment (Birnie, 2020), while endomyocardial biopsy has a low sensitivity (30%) due 

to the patchy nature of cardiac sarcoidosis, and is an invasive procedure (Ardehali, 

2005). 

Granulomatous interstitial nephritis is the typical renal presentation of sarcoidosis, 

reported in up to 13% of patients in autoptic studies, but clinically evident in only 0,7-

4,3% of cases (Mahévas, 2009; Sève, 2021). Impairment of renal function with or 

without abnormal urinalysis results is the most common clinical presentation, and renal 

biopsy also shows only signs of interstitial nephritis without granuloma (Mahévas, 

2009). Other renal diseases can be associated to sarcoidosis, such as nephrocalcinosis 

and nephrolithiasis secondary to hypercalcemia and hypercalciuria (Bergner, 2003), 

while glomerular diseases and isolated tubular disfunction have been more rarely 

reported (Bergner, 2018). 

Hepatic involvement is reported in up to 80% of cases in autoptic series (Tadros, 2013), 

but the most common presentation of sarcoidosis is asymptomatic elevation in liver 

function tests (mainly alkaline phosphatase), seen in about one-third of patients 

(Deutsch-Link, 2018). Clinical symptoms may include hepatomegaly, fatigue, 

abdominal pain, pruritus, jaundice, and weight loss (Deutsch-Link, 2018). Liver nodules 

can be detected by computed tomography (CT) scan, ultrasonography, MRI or 18F-FDG 

PET/CT, but a definite diagnosis requires detection of non-caseating granulomas by 

hepatic biopsy (Sève, 2021). 

Splenic involvement is most often detected by imaging rather than by symptoms or 

laboratory abnormalities, and it is reported with similar incidence as hepatic 

involvement (Sève, 2021). Marked splenomegaly is quite rare, and CT scan usually 

shows single or multiple hypodense nodules, sometimes with calcifications (Folz, 

1995). 
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Gastrointestinal tract is rarely involved, with a reported incidence between 0,1% and 

1,6% (Morimoto, 2008). Symptoms include abdominal pain, weight loss, nausea, 

vomiting, diarrhea, and digestive bleeding, and on endoscopy macroscopic lesion can be 

observed in the esophagus (9%), stomach (78%), duodenum (9%), colon (25%), and 

rectum (19%) (Ghrenassia, 2016). 

Bone sarcoidosis is reported in 0,5% to 30% of patients, depending on the sensitivity of 

imaging procedures, as studies with 18F-FDG PET/CT show a higher rate of bone 

involvement detection than does radiography (Bechman, 2018; Mostard, 2012). Bone 

lesions are asymptomatic in half of the cases, and usually located bilaterally in hands 

and feet phalanges; skull, long bones, ribs, pelvis and vertebrae may also be affected. 

Lesions may be sclerotic, osteolytic, cystic or punched-out (Sève, 2021). 

Sarcoid arthropathy, aside from acute forms of Löfgren’s syndrome, is relatively rare 

and usually presents as chronic symmetrical oligo- or polyarthritis involving medium 

and large joints (mostly ankles) (Bechman, 2018; Visser, 2002). 

Central and peripheral nervous system and skeletal muscle involvement will be 

addressed extensively throughout next chapters. 

 

1.4 Diagnosis 

The diagnosis of sarcoidosis in based on three major criteria: a compatible clinical 

presentation, demonstration of non-necrotizing granulomatous inflammation in one or 

more tissue samples and the exclusion of alternative causes of granulomatous disease 

(Crouser, 2020). 

In order to define uniform standards to assess the probability of organ involvement in 

sarcoidosis, consensus criteria were established in 1999 (Judson, 1999) and then 

updated in 2014 (Judson, 2014) by the World Association of Sarcoidosis and Other 

Granulomatous Disorders (WASOG). Clinical manifestations were defined as “highly 

probable” (likelihood of sarcoidosis of at least 90%, i.e. uveitis, bilateral hilar 

adenopathy), “probable” (likelihood of sarcoidosis of 50-90%, i.e. lachrymal gland 

swelling, upper lobe or diffuse infiltrates) and “possible” (likelihood of sarcoidosis of 

less than 50%, i.e. arthralgias, localized infiltrate on chest radiography) (Judson, 2014). 

Moreover, in 2018, Bickett et al. proposed a Sarcoidosis Diagnostic Score, based on 

WASOG criteria, which might accurately differentiate sarcoidosis from other 

granulomatous diseases (Bickett, 2018). 
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Recently, two clinical statements covering sarcoidosis diagnosis have been published, 

respectively from American Thoracic Society (ATS) (Crouser, 2020) and British 

Thoracic Society (BTS) (Thillai, 2021). Both papers address the question of whether 

lymph node sampling is required or not in patients with high clinical suspicion. 

Historically, histological confirmation was considered mandatory, but both these recent 

consensus papers stated that in patients with highly specific presentations, such as 

Löfgren’s and Heerfordt’s syndromes or lupus pernio, lymph node sampling might be 

spared and replaced by close clinical follow-up (Crouser, 2020; Thillai, 2021). In all the 

other scenarios, histologic confirmation should instead be pursued before any treatment 

is introduced, and tissue should be obtained from the most accessible site, such as skin 

lesions or peripheral lymph nodes, if abnormal findings are present (Thillai, 2021). If no 

peripheral site is available, intrathoracic sampling is required, and endobronchial 

ultrasound (EBUS)-guided transbronchial needle aspiration (EBUS-TBNA) should be 

preferred as initial sampling procedure, being less invasive and better tolerated than 

mediastinoscopy and also allowing association of transbronchial parenchymal sampling 

in case of concomitant parenchymal disease (Figure 3). If conventional bronchoscopic 

biopsies are non-diagnostic, mediastinoscopy should then be taken into account 

(Crouser, 2020; Thillai, 2021). 

 

Figure 3. Diagnosis of sarcoidosis (Valeyre, 2014) 
Solid line indicates usual practice, dotted line indicates alternative practice. 

Abbreviations: BHL = bilateral hilar lymphadenopathy; EPL = extrapulmonary localizations; BB = 

bronchial biopsy; BAL: bronchoalveolar lavage; TBB = transbronchial biopsy; ROSE = rapid on-site 

cytological examination; ¹⁸F-FDG = ¹⁸F-fluorodeoxyglucose. 



18 
 

 

Respiratory examination is often normal and PFTs can also be unremarkable or show 

restrictive or obstructive alteration or isolated reduction in gas transfer; patients with 

fibrotic pulmonary disease show obviously more prominent and frequent abnormalities 

(Thillai, 2021). 

From a radiological point of view, sarcoidosis has been historically staged using 

Scadding scale, based on standard chest X-ray findings. It identifies five stages: stage 0 

represents normal findings, stage I bilateral hilar lymphadenopathy, stage II bilateral 

hilar lymphadenopathy plus parenchymal infiltrates, stage III parenchymal infiltrates 

without hilar lymphadenopathy and stage IV pulmonary fibrosis (Scadding, 1961). 

Extensive use of chest high-resolution computed tomography (HRCT) has markedly 

increased diagnostic sensitivity, allowing the detection of subtle parenchymal 

involvement and thus providing a comprehensive overview of anatomical details and 

abnormalities of lung structures (Silva, 2015). Sarcoidosis features detectable by HRCT 

include nodules (usually small, bilateral, with regular margins, scattered on bronchial 

walls and clefts or subpleurally), hilar-lobar and mediastinal adenopathy, 

pseudoplaques, roundish opacities resulting from converging nodules, symmetrical 

bilateral parenchymal thickenings with a “butterfly wing” pattern, and areas of air 

trapping (Bargagli, 2018). 

Abdominal organs and superficial lymph nodes can be visualized with ultrasonography 

or CT scan, while MRI is more suitable for the detection and follow-up of cardiac and 

central nervous system involvement (Prasse, 2016). Moreover, recent whole-body MRI 

techniques can also be used to search for organ involvement (Hostettler, 2014). In 

addition, 18F-FDG PET/CT may show suggestive sarcoid-like uptake pattern, with 

hypermetabolic mediastinal and hilar lymph nodes combined or not with lung 

parenchymal active disease, supporting sarcoidosis diagnosis, or sometimes reveal 

smoldering superficial localizations, such as cervical lymph nodes, more easily 

accessible to biopsy (Keijsers, 2020). 

BAL analysis can be very helpful for diagnosis, usually showing mildly elevated total 

cell count with a predominance of lymphocytes, a normal percentage of eosinophils and 

neutrophils, and lack of plasma cells and ‘‘foamy’’ alveolar macrophages (Drent, 2007). 

These findings, indicating lymphocytic alveolitis, are often associated with increased 

CD4/CD8 ratio in patients with active disease and a ratio of above 3,5 has a high 

specificity for sarcoidosis (Welker, 2004). On the other hand, peripheral analysis of 
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lymphocyte subpopulations can demonstrate a decrease in CD4+/CD8+ ratio due to the 

recruitment of CD4+ cells in affected organs (Bargagli, 2018). 

Routine laboratory analyses are recommended for both displaying general alterations, as 

hypercalcemia and hypercalciuria or hematological abnormalities, and screening for 

extrapulmonary sarcoidosis in asymptomatic patients, including renal or hepatic 

involvement (Crouser, 2020; Thillai, 2021). 

An important and debated role in sarcoidosis diagnosis is played by serum biomarkers. 

The first and most known is angiotensin-converting enzyme (ACE), an acid 

glycoprotein converting angiotensin I into angiotensin II and playing a key role in 

regulating blood pressure and electrolyte balance (Coates, 2003). ACE is mainly 

produced by epithelioid cells in sarcoid granulomas, is an important modulator of 

granuloma formation and correlates with the granuloma burden of the disease (Sheffield, 

1997; Costabel, 1997). Elevated serum ACE levels in sarcoidosis were firstly described 

in 1975 (Lieberman, 1975) and since then it is the most frequently used laboratory test 

in sarcoidosis. Studies published over the last 20 years showed increased serum ACE 

level in 40% to 86% of sarcoidosis patients, with sensitivity ranging from 22 to 86% 

and specificity ranging from 54% to 99% (Ramos-Casals, 2019). This wide variability 

is probably due to differences in enzymatic assays, cut-off values and timing of 

measurement after diagnosis, and to the effect of ongoing therapies in different patients, 

including not only anti-sarcoidosis treatments, but also possible ACE inhibitor drugs 

that significantly lower serum ACE levels (Chopra, 2016; Krasowski, 2015). 

Furthermore, ACE concentrations are genetically influenced, since an insertion (I) or 

deletion (D) polymorphism in the ACE gene can determine significant variations in 

serum levels, with homozygous carriers of the deletion (DD) or insertion (II) expressing 

the highest and lowest ACE levels respectively, whereas heterozygous (ID) individuals 

express intermediate ACE levels (Floe, 2014). Unfortunately, the use of a genotype-

specific reference range slightly increases the diagnostic sensitivity of the standard 

serum ACE measurement but lowers the specificity of the test (Kruit, 2007; Stokes, 

1999). Elevated serum ACE levels have also been reported in several other conditions, 

including infectious granulomatous diseases (tuberculosis, leprosy), non-infectious 

granulomatous diseases (silicosis, berylliosis, Gaucher’s disease) and non-

granulomatous diseases (hyperthyroidism, psoriasis, Hodgkin’s lymphoma) (Chopra, 

2016). Given all these confounding factors, it is problematic to accurately calculate 

sensitivity or specificity of serum ACE for the diagnosis of sarcoidosis and overall, the 
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specificity of this measurement appears inadequate to base the diagnosis of sarcoidosis 

exclusively on this biomarker. In order to have a conservative approach, literature 

recommends to consider as strongly suggestive of sarcoidosis only serum ACE levels 

greater than 2 times over upper normal limits, whereas all other results should be 

integrated with other clinical and diagnostic elements (Chopra, 2016). 

Lysozyme (LSZ) is a bacteriolytic enzyme that hydrolyses glycosidic bonds in bacterial 

cell walls, and in sarcoidosis is produced by macrophages and epithelioid cells forming 

granulomas, with an increase of its serum levels (Majcherczyk, 1999; Silverstein, 1977). 

However, elevated levels of serum LSZ are reported also in pulmonary tuberculosis, 

silicosis, asbestosis and berylliosis, significantly lowering its specificity as a diagnostic 

biomarker (Ramos-Casals, 2019). However, LSZ levels have been shown to correlate 

with chest radiographic findings, which makes LSZ more suitable as a prognostic 

biomarker of disease activity (Turton, 1979; Tomita, 1999). 

Soluble Interleukin-2 Receptor (sIL-2R) is the circulating form of membrane IL-2R, 

which is usually upregulated in activated Th1 cells; increased sIL-2R levels are 

therefore considered a marker of Th1 cells activation in the formation and perpetuation 

of granuloma (Rubin, 1990; Sakthivel, 2017). Elevated sIL-2R levels in serum of 

sarcoidosis patients have been described since 1983 (Hunninghake, 1983), and further 

studies reported a wide range of frequencies of such increase, ranging from 30% to 

100% of patients (Ramos-Casals, 2019). In studies differentiating between healthy 

controls and unselected cased of sarcoidosis, sensitivity and specificity ranged from 

63% to 82% and from 57% to 100%, respectively (Ramos-Casals, 2019). Unfortunately, 

sIL-2R levels can be elevated in several infectious (HIV, tuberculosis, leprosy), 

lymphoproliferative (lymphoma and leukemia) and inflammatory (idiopathic pulmonary 

fibrosis, scleroderma) conditions (Chopra, 2016). Therefore, sIL-R levels can be a 

useful diagnostic tool only when combined with other clinical and imaging biomarkers. 

On the other hand, sIL-R levels showed to correlate with various measures of disease 

activity, including radiographic stage of disease (Keicho, 1990) and serum ACE levels 

(Bargagli, 2008), and higher levels of sIL-2R have been found in extraparenchymal 

sarcoidosis compared to isolated pulmonary sarcoidosis (Grutters, 2003). Based on 

these data, serum sIL-2R levels may be useful as a prognostic biomarker in selected 

sarcoidosis patients, as they seem also to predict progression or relapse after treatment 

discontinuation (Vorselaars, 2014). 

Chitotriosidase (CTO) is an enzyme of the chitinase family which degrades chitin, a 
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polymer secreted by fungi and parasites; it is secreted by neutrophils and macrophages 

under stimulation of IFNγ and TNFα (van Ejik, 2005). CTO is indeed a specific marker 

of macrophagic activation, and the main biochemical marker of Gaucher’s disease, 

although raised levels have been reported also in atherosclerosis, malaria, multiple 

sclerosis and tuberculosis (Vellodi, 2005; Michelakakis, 2004). However, significantly 

raised CTO levels have been reported in patients with sarcoidosis in comparison with 

patients with tuberculosis, asbestosis, idiopathic pulmonary fibrosis or systemic 

sclerosis, with sensitivity and specificity of 88,79% and 92,86%, respectively, for the 

lowest cut-off (48,8 nmol/ml/h, used by Bargagli et al.) and of 82,5% and 70%, 

respectively, for a higher cut-off (100 nmolml/h, used by Popević et al.) (Bargagli, 

2013; Popević, 2016). Therefore, CTO seems to have higher sensitivity and specificity 

in differentiating sarcoidosis from other diseases with respect to other known 

biomarkers (Bargagli, 2007; Bargagli, 2013). Moreover, CTO showed also good 

sensitivity in sarcoidosis patients under systemic treatment and seemed to correlate with 

extrapulmonary involvement (Bergantini, 2019). 

Krebs von den Lungen-6 (KL-6) is a mucin-like high-molecular weight glycoprotein 

derived from type II pneumocytes and respiratory bronchiolar epithelial cells (Kohno, 

1989). Elevated KL-6 concentrations in serum and BAL reflect alveolar epithelial cell 

damage and progressive interstitial thickening, thus are typical of interstitial lung 

diseases (ILD) with fibrotic evolution (Ohnishi, 2002; D’Alessandro, 2020); in serum, a 

cut-off value of 465 U/ml has been proposed to distinguish ILD patients from healthy 

subjects and patients with other nonfibrotic lung diseases (Ohnishi, 2002). Several 

studies showed higher serum KL-6 levels in patients with sarcoidosis than in healthy 

controls (Janssen, 2003; Kitaichi, 2003). Despite not being a specific biomarker, 

specific phenotypes, clinical presentations and localizations of sarcoidosis have been 

associated with different KL-6 levels, showing for instance higher levels in the fibrotic 

stage (Bergantini, 2019). Moreover, a close correlation with radiological and laboratory 

markers of pulmonary involvement has been extensively described (Kobayashi, 1996; 

Honda, 2011; Miyoshi, 2010). 

Increased levels of the aforementioned biomarkers can also be found in BAL (Meyer, 

2012). 

Differential diagnosis to consider while assessing patients with suspect sarcoidosis is 

mainly with granulomatous disorders of infectious and non-infectious cause. The first 

group includes primarily tuberculosis and atypical mycobacterial infections, but also 
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leprosy, brucellosis, leishmaniasis and fungal infections as histoplasmosis or 

aspergillosis. The second group includes pneumoconiosis as chronic berylliosis, 

hypersensitivity pneumonitis, malignancies as lymphomas and lymphomatoid 

granulomatosis or sarcoid-like reactions to tumors, granulomatous reactions to immune-

modulating drugs, and other autoimmune conditions as ANCA-associated vasculitides 

or IgG4-related disease (IgG4-RD) (Crouser, 2020). 

 

1.5 Treatment 

As sarcoidosis may be a self-limiting disease, without any negative impact on the 

quality of life or prognosis, the decision whether to start or not a pharmacological 

treatment should be based on a careful evaluation of pros and cons performed by the 

physician, and the decision should be carefully discussed and shared with the patient. 

Key criteria to consider are the potential danger of a fatal outcome or permanent 

disability or an unacceptable loss of the quality of life (Thillai, 2021). Commonly 

agreed indications for systemic treatment in sarcoidosis are the presence of symptoms 

impairing quality of life, persistent lung infiltrates or decline in lung function at follow-

up, presence of hypercalcemia or hypercalciuria resistant to vitamin D and calcium 

restrictions, severe skin involvement, ocular involvement not responding to topical 

therapy, cardiac or neurological involvement and any other end-organ failure (Melani, 

2021). 

Topical treatment with corticosteroids may be effective in managing many cases of skin, 

joint and eye sarcoidosis, while no evidence exists on the efficacy of inhaled 

corticosteroids in pulmonary sarcoidosis (Milman, 1994; du Bois, 1999). 

Drugs used in sarcoidosis management are listed in Figure 4. 

Corticosteroids (CS) are also the first choice when systemic treatment is required. 

Despite only few randomized studies have shown their benefits (James, 1967; Gibson, 

1996), various case series have documented their effectiveness since 1951 (Sones, 

1951). Treatment initiation should be considered when there is significant reduction in 

pulmonary function tests, but also in patients with progressive breathlessness due to 

pulmonary disease (Thillai, 2021). Most experts recommend oral prednisone 20-40 mg 

or equivalent daily in a single administration for naïve patients, while aggressive 

therapy with intravenous methylprednisolone 1 mg/kg/day or 500-1000 mg/day for 

three days may sometimes be required in order to obtain rapid remission in severe or 



23 
 

life-threatening presentations, often due to extrapulmonary disease (Rahaghi, 2020). 

Induction dose is usually maintained for 6-8 weeks, followed by slow tapering (i.e. 5 

mg every 2 weeks) to a low maintenance dose, usually 5-10 mg per day. In the longer 

term, such dosage can be acceptable, but possible side effects may require 

individualization of the dose and however, attempts at withdrawing CS should be made 

every 6-12 months, if feasible. Continued treatment is instead required if withdrawal or 

dose reduction is associated with a relapse, which can require a brief return to a higher 

dose in case of major relapse (Thillai, 2021). Due to relevant side effects of chronic 

treatment (including weight gain and fluid retention, osteoporosis, hyperglycemia and 

diabetes, hypertension, gastritis, myopathy, opportunistic infections, psychosis and 

mood swings, insomnia, cataract and glaucoma), patients who do not respond to CS, 

who cannot be controlled with less than 10 mg/day of prednisone or those who develop 

intolerance, are candidates for treatment with alternative drugs (Khan, 2017; Schutt, 

2010). 

Second-line treatment involves antimetabolite immunosuppressants, which come all 

with significant risks of toxicity, including myelosuppression, hepatotoxicity, 

opportunistic infections and teratogenicity. For this reason, all these agents require 

assessment of full blood profile, renal and liver function, and serology for HIV, hepatitis 

B and C and interferon-gamma release assay for tuberculosis prior to treatment, 

followed by serial blood test monitoring during administration (Ledingham, 2017; 

Thillai, 2021). Moreover, tapering CS dosage is not recommended for at least 2 to 3 

months after the addition of an immunosuppressant, as the latter takes several weeks to 

reach its maximum therapeutics effect (Melani, 2021). 

Methotrexate (MTX) is the most widely used second-line agent. It is administered 

orally, subcutaneously or intramuscularly on a weekly basis, with an initial dose of 5 to 

10 mg per week and incrementing every two weeks to a target dose of 15 to 20 mg per 

week as tolerated; supplementation with folic acid 5 mg per week is recommended 

(Cremers, 2013). It is contraindicated in patients with advanced chronic kidney disease, 

liver disease, active infections and during pregnancy and breastfeeding; adverse effects 

include gastrointestinal, hepatic and hematologic toxicities and a rare but serious 

hypersensitivity pneumonitis (Cremers, 2013). 

Azathioprine (AZA) is the first alternative to MTX, showing similar efficacy, but with a 

higher rate of infections (Vorselaars, 2013). Usual starting dose is 50 mg per day orally, 

increased by 25 mg every 2 weeks to a maximum of 200 mg per day. Most common 
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side effects are gastrointestinal, and thiopurine S-methyltransferase (TPMT) serum 

levels should be assessed before initiation, because carriers of TPMT mutations, which 

leads to a poor metabolization of AZA, have increased risk of life-threatening bone-

marrow toxicity (Schaeffeler, 2019). AZA can be administered during pregnancy, but not 

during breastfeeding (Götestam Skorpen, 2016). 

Leflunomide (LEF), administered orally 10 to 30 mg per day, has similar effect to 

MTX, but different toxicity profile, showing less gastrointestinal side effects. However, 

silent liver fibrosis and peripheral neuropathy have been reported and suggest caution 

(Sahoo, 2011). 

Mycophenolate mofetil (MMF) seems well tolerated, but data regarding its use in 

sarcoidosis are limited, and it should not be considered before MTX or AZA (Hamzeh, 

2014; Thillai, 2021). The usual oral starting dose is 500 mg twice a day, increased by 

250 mg every few weeks to a maximum of 1500 mg twice a day (Melani, 2021). The 

most frequent side effects are gastrointestinal, and it has potential teratogenicity in 

women of childbearing age (Coscia, 2015). 

Cyclophosphamide (CYC), administered intravenously 500-1000 mg per week or every 

other week, can be considered as a short-term rescue option in very severe forms of 

sarcoidosis, not controlled by MTX or AZA (Pande, 2020). Due to its toxicity profile, 

which includes bone marrow, cutaneous and gastrointestinal side effects and also 

hemorrhagic cystitis, is rarely used as steroid-sparing agent (Thillai, 2021). 

Hydroxychloroquine (HCQ) is an antimalarial drug used to treat joint and skin 

sarcoidosis and in the management of sarcoidosis-related hypercalcemia and fatigue 

(Rahaghi, 2020). The usual dose is 200 mg once or twice per day, orally. It is not 

associated with increased risk of infections, but the main toxicities are gastrointestinal 

and ocular, with the risk of irreversible retinopathy which increases with cumulative 

dose and is a contraindication to prolonged treatment (Schrezenmeier, 2020). An 

ophthalmic examination is recommended at the time of treatment initiation, and patients 

should also perform a baseline EKG to exclude long QT interval (Thillai, 2021). 

Biological agents are considered third-line therapeutics agents, to be initiated only after 

a failure of second-line treatment in the context of a specialist tertiary center. The most 

relevant target is TNFα, a pro-inflammatory cytokine secreted by macrophages with a 

key role in the maintenance of granuloma formation (Korsten, 2016). 

Infliximab (IFX), a chimeric monoclonal antibody directed against TNFα, is the most 

used biological agent in sarcoidosis and has shown to be effective in severe and 
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refractory pulmonary and extrapulmonary sarcoidosis (Baughman, 2006; Jamilloux, 

2017; Gelfand, 2017). The usual induction regimen is 5 mg/kg intravenously at weeks 

0, 2 and 6, then the frequency of maintenance is every 4 to 8 weeks, based on patient 

response. Optimal duration of treatment is unclear, but the high frequency of relapses 

after suspension, mainly during first year of treatment (Panselinas, 2009; Vorselaars, 

2014), suggests prolonged regimens with reduction of dose and increase of 

administration interval (Drent, 2014). Side effects include allergic reactions against the 

antibody itself, the possibility of developing autoantibodies that reduce drug efficacy 

and, mostly, increased susceptibility to infections, mainly mycobacterial and fungal; 

therefore, patients must be screened for tuberculosis prior to starting treatment with IFX 

(Nordgaard-Lassen, 2012). 

Adalimumab (ADA), a fully human anti-TNFα monoclonal antibody, showed lower risk 

of allergic reaction with respect to IFX and is administered subcutaneously at a dose of 

40 mg every 2 weeks, making self-administration possible (Crommelin, 2016). 

Interestingly, etanercept, a TNFα receptor antagonist, did not show the same efficacy as 

the aforementioned monoclonal antibodies (Ehlers, 2005) and paradoxically, the 

development of non-caseating granulomas consistent with sarcoidosis has been reported 

during anti-TNFα therapy for other diseases (Skoie, 2012; Vigne, 2013). 

Several case reports and series suggested the efficacy of rituximab (RTX), a monoclonal 

antibody directed against CD-20+ cells, in treating refractory extrapulmonary 

sarcoidosis (Sweiss, 2014; Cinetto, 2015). It is administered intravenously, and usually 

proposed therapeutic schemes are 1000 mg repeated twice with 2-week interval or 375 

mg/m2 weekly for 4 consecutive weeks (Cinetto, 2016). Infusion-related reactions are 

common and premedication with paracetamol and corticosteroids is recommended; 

moreover, side effects include increased risk of bacterial, fungal or viral infections, 

hypogammaglobulinemia and neutropenia, requiring careful serologic assessment prior 

to initiation of treatment (Lower, 2020).In addition to immunomodulating treatment, 

sarcoidosis-associated fatigue as well as complications including pulmonary fibrosis 

and pulmonary hypertension should be considered and addressed by physicians (Thillai, 

2021; Melani 2021). 
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Figure 4. Drugs used in sarcoidosis (Valeyre, 2014) 
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CHAPTER 2: NEUROSARCOIDOSIS 

 

2.1 History, epidemiology and risk factors 

First reports on neurological involvement were published as soon as sarcoidosis was 

recognized as a multisystem disease, starting with the description made by Heerfordt in 

1909 of three patients with “subchronic uveo-parotid fever”, later known as the 

aforementioned Heerfordt-Waldenström’s syndrome (Heerfordt, 1909). In 1948 a review 

article found 118 published case reports of nervous system involvement in sarcoidosis, 

with facial and optic neuropathies as the most common presentations (Colover, 1948). 

Since then, many case reports and series expanded the spectrum of possible 

manifestations of neurosarcoidosis, which can virtually involve any part of central and 

peripheral nervous system. 

Symptomatic nervous system involvement was historically reported to occur in 3-16% 

of patients with sarcoidosis (Baughman, 2001; Morimoto, 2008; Ungprasert, 2016a), 

although this number could reflect a sampling bias from pulmonary sarcoidosis-focused 

cohorts. Few autoptic studies found signs of granulomatous inflammation in nervous 

system in 25-27% of sarcoidosis patients (Iannuzzi, 2007; Manz, 1983) and another 

study showed that only half of the patients with autoptic diagnosis of neurosarcoidosis 

were already diagnosed ante-mortem (Iwai, 1993). These numbers suggest that a 

significant proportion of neurosarcoidosis patients might be asymptomatic, 

underdiagnosed or misdiagnosed. Moreover, a recent cohort study identified 

neurosarcoidosis in 234 out of 620 (34,9%) patients with systemic sarcoidosis (Joubert, 

2017). 

Isolated neurosarcoidosis (occurring with no other organ involvement) is rare, 

representing less than 10% of neurosarcoidosis patients and only 1% of all sarcoidosis 

patients (Delaney, 1977a; Smith, 2004). On the other hand, about 90% of patients show 

at onset or will develop over time the involvement of other organs, mainly lungs (67%), 

eye (25%), skin or joints (21% both) (Pawate, 2009; Fritz, 2016). One retrospective 

study showed that over 80% of patients with initial diagnosis of isolated 

neurosarcoidosis successively developed extra-neurologic involvement during an 

average follow-up of 9,6 years (Joseph, 2009). 

However, neurologic manifestations are the presenting syndrome in more than 50% of 
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patients with neurosarcoidosis (Delaney, 1977a; Fritz, 2016), whereas about 75% of the 

remaining patients develop neurologic involvement in the context of systemic 

sarcoidosis during the first two years from onset (Krumholz, 2014).  

However, it is important to underline that the presence of neurological symptoms in 

sarcoidosis patients does not necessarily demonstrate a neurosarcoidosis. Indeed, in a 

retrospective study on 649 sarcoidosis patients, the authors found that only 45% of 

those presenting neurological symptoms (i.e., 33 out of 74) actually had neurosacoidosis 

as a cause of such symptoms (Stern, 1985).  

Similarly to sarcoidosis, also neurosarcoidosis has increased incidence in African 

Americans (Judson, 2012) and affects women more than men (55% vs 45%), with a 

mean age at onset (43 years) slightly higher with respect to systemic disease (Baughman 

2001; Fritz, 2016). Pediatric cases are rare, with a mean age at onset of approximately 

12 years (Rao, 2016). A recent study comparing neurosarcoidosis patients with and 

without African American ethnicity, showed no differences in presentation, management 

and outcomes (Affan, 2020). 

In the literature, there are no conclusive data regarding predisposing or triggering 

factors, nor regarding specific demographic features particularly associated with 

neurosarcoidosis. Although haplotypes that increase the risk of specific sarcoidosis 

phenotypes, such as Löfgren syndrome (Moller, 2017), were reported, there seems also 

to be little or no concordance in phenotypic patterns and outcomes across affected 

siblings with sarcoidosis (Judson, 2006). 

 

2.2 Pathophysiology 

Similarly to systemic sarcoidosis, neurosarcoidosis is characterized pathologically by 

the development of non-necrotizing granulomas, formed by macrophages, derived 

epithelioid cells, TH1 and TH17 lymphocytes. In central nervous system (CNS) 

granulomas are generally located in proximity of blood vessels and are associated with 

non-granulomatous mononuclear and lymphocytic perivascular infiltration (Bagnato, 

2015). Similarly, in peripheral nervous system (PNS) granulomas usually occur around 

blood vessels and may be associated with lymphocytic necrotizing vasculitis affecting 

epineurium and perineurium, with variable degrees of nerve fascicle damage, mediated 

not only by an inflammatory process but also by an ischemic mechanism (Said, 2013). 

Tissue damage in neurosarcoidosis might indeed result from different mechanisms, 
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among which the formation of intra-axial granulomatous masses resulting in mechanical 

compression is only the first and most predictable one. A second mechanism of damage 

is due to leptomeningeal involvement, possibly leading to hydrocephalus (Bagnato, 

2015). Starting from leptomeningeal localizations, granulomatous inflammation can 

further invade brain and spinal cord parenchyma via Virchow-Robin perivascular 

spaces, which are connected with the cervical lymphatics and probably act as an 

elective interface between immune and nervous system (Mirfakhraee, 1986). Their 

greater size at the base of the brain, alongside cerebrospinal fluid (CSF) flow dynamics 

may explain the preferential involvement of the basal meninges, cranial nerves, and 

midline neuroendocrine structures seen in neurosarcoidosis (Tavee, 2015). 

Neurosarcoidosis is also known to create a procoagulant state, favoring both ischemic 

and hemorrhagic CNS lesions. Ischemia can result from either small or large vessel 

vasculitis, sometimes with granulomas invading blood vessel walls and causing stenosis 

or occlusions (Bagnato, 2015). Intracranial hemorrhage due to neurosarcoidosis have 

been occasionally reported with variable localizations, being mainly supratentorial 

(62%), but also infratentorial (31%) and subarachnoid (7%). In these patients, 

inflammation of the walls of small veins might disrupt their integrity and lead to blood 

leakage at low pressure (O’Dwyer, 2013). 

Regarding PNS, non-necrotizing granuloma formation and/or vasculitis account only 

for a proportion of patients with sarcoidosis-associated neuropathy, as shown by 

pathologic cohorts (Vital, 2008). Moreover, in patients with small fiber neuropathy there 

is no evidence of granulomatous inflammation within the nerves, and damage is 

probably mediated by the high concentrations of circulating cytokines, mainly TNFα 

(Heij, 2012b). 

Granulomatous involvement of skeletal muscle is also commonly reported, although 

patients found to have myopathic involvement of neurosarcoidosis are often 

asymptomatic. Granulomas are usually located in the perimysium and sometimes in the 

endomysium (Stjernberg, 1981). 

 

2.3 Clinical manifestations 

As already stated, neurosarcoidosis can virtually involve every part of CNS and PNS 

with a variety of pathophysiological mechanisms. 

A large metanalysis reviewed 1088 neurosarcoidosis patients described in 29 studies, 
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between 1965 and 2015 (Fritz, 2016). This research confirmed the huge clinical 

heterogeneity of the disease, showing as the three most common presentations were 

cranial neuropathy (55%), headache (32%) and sensory abnormalities (29%). Spinal 

cord involvement was present in 18% of patients, peripheral neuropathy in 17%, aseptic 

meningitis in 16%, myopathy in 15% and neuro-endocrine dysfunction in 9%. 

Moreover, the majority of patients seems to present at onset with more than one 

neurological symptom and up to half of them develops additional neurologic symptoms 

during the course of the disease (Leonhard, 2016). 

 

 2.3.1 Cranial nerves 

Cranial neuropathies are the most common presentations of neurosarcoidosis (Fritz, 

2016). Involvement of all cranial nerves is reported, but the most commonly affected 

are VII, II, VIII and V cranial nerves, sometimes with concomitant involvement of more 

than one nerve (Carlson, 2015; Fritz, 2016). Isolated cranial neuropathies are usually 

acute, while cranial multineuropathies (concurrent or serial) present more often a 

chronic course (Gullapalli, 2004; Bradshaw, 2 021). 

An older cohort suggested that facial nerve palsy accounted for two thirds of 

neurosarcoidosis cases (Stern, 1985), but more recent studies report rates between 11% 

and 25% of neurosarcoidosis patients. About one-third of facial nerve palsies are 

bilateral and could be either concurrent or sequential (Ungprasert, 2017b). Facial nerve 

palsies were formerly thought to be a consequence of sarcoidosis-associated 

inflammation of the parotid gland as classically described by Heerfordt, whereas more 

recent studies failed to demonstrate a relationship between these two conditions. Indeed, 

one study reported that only 20% of patients with facial nerve palsy had an associated 

parotitis (Stern, 1985), while another study reported no facial nerve palsy in 7 patients 

with parotitis due to sarcoidosis (Ungprasert, 2016b). Nowadays, epineural 

inflammation, perineural inflammation, and external compression by granulomatous 

mass in leptomeninges are more commonly accepted as the cause of cranial 

neuropathies in sarcoidosis, including facial nerve palsy (Carlson, 2015). Imaging is 

normal in half of the cases, but in others may show nerve enhancement and sometimes 

more widespread changes in the absence of other clinical features (Kidd, 2018). 

Prognosis is usually good, with complete recovery in about 85% of patients after 

corticosteroid treatment; some patients might also spontaneously recover (Tavee, 2015). 

Optic neuritis accounts for 7% to 35% of neurosarcoidosis cases, and bilateral 
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involvement is slightly more frequent than unilateral (Ungprasert, 2017b). Typical 

presentation includes subacute visual loss, retrobulbar pain and papilledema or signs of 

optic atrophy at fundus examination (Nozaki, 2012). A minority of patients can present 

with concomitant uveitis (Joseph, 2009). Optic chiasm may be involved, often in 

association with sellar involvement due to anatomic proximity (Koczman, 2008). 

Prognosis is usually poor, with residual visual impairment in a high number of cases, 

mostly in patients with bilateral involvement (Pawate, 2009). 

Involvement of vestibulocochlear nerve can present with intermittent or persistent 

sensorineural hearing loss or vestibular dysfunction and is reported in 3% to 17% of 

patients with neurosarcoidosis (Ungprasert, 2017b; Carlson, 2015). Alterations can be 

unilateral or bilateral and patients typically recover at least partially with corticosteroid 

treatment, although significant chronic hearing loss is not unusual with bilateral 

involvement (Tavee, 2014). It is commonly thought to be a consequence of 

granulomatous meningitis (Kane, 1976). 

Trigeminal involvement, reported in about 12% of patients, seem to present mainly as 

paresthesia and hyperesthesia, while a real trigeminal neuralgia is rare (Braksick, 2013; 

Fritz, 2016). 

Ultimately, cases of oculomotor or bulbar palsies and anosmia or hyposmia are also 

reported (Colover, 1948; MacLean, 2015). The latter can result not only from olfactory 

nerve involvement due to basal meningitis, but also from granulomatous inflammation 

of nasal mucosa (Delaney, 1977b). 

 

 2.3.2 Meninges 

Meningeal involvement accounts for 10% to 20% of cases of neurosarcoidosis, although 

the frequency of subclinical alterations detected on imaging studies is much higher 

(Ungprasert, 2017b). Both pachymeninges and leptomeninges can be affected, with a 

clear predominance of basal skull localization, which may extend to spinal cord 

meninges (Smith, 2004; Bradshaw, 2021). 

Symptomatic patients typically present with subacute or chronic headache, 

constitutional symptoms and meningeal signs. Cranial nerves impairment is common, 

mostly when basal skull meninges are involved, sometimes in association with neuro-

endocrine dysfunction. In case of a more diffuse meningeal involvement, gait 

dysfunction, cognitive changes and seizures can also be present, suggesting a possible 

concomitant parenchymal damage (Tavee, 2015). Cavernous sinus involvement has 
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been occasionally reported (Rosini, 2017). 

Radiologic and laboratory findings are not clearly specific, showing thickening and 

post-contrast enhancement on MRI and active inflammation in CSF analysis with 

negative cultures. Non-necrotizing granulomas are found in about two thirds of 

meningeal biopsies (Smith, 2004; Joseph, 2009; Pawate, 2009). 

Prognosis is usually positive, because these patients tend to dramatically respond to 

corticosteroid therapy, although relapses after tapering or withdrawal of treatment may 

occur (Plotkin, 1986; Nozaki, 2012). 

Hydrocephalus is a serious and potentially lethal complication, reported in 9% of 

patients (Fritz, 2016). It can be both communicating or noncommunicating and can 

result from impaired arachnoid villi absorption, ependymal inflammation or obstruction 

due to granulomatous masses (Benzagmout, 2007; Tabuchi, 2013; Yoshitomi, 2015). 

 

 2.3.3 Brain parenchyma 

Patients with brain parenchymal disease may present with seizure, headache, cognitive 

or behavioral problems, focal neurological signs, or symptoms related to increased 

intracranial pressure (Stern, 1985; Stern, 2010). 

Seizures may be focal o generalized, and are usually associated with intracranial mass, 

diffuse encephalopathy or vasculopathy, leptomeningitis with cortical irritation or 

hydrocephalus (Krumholz, 1991). They are reported in 14% of patients (Fritz, 2016) and 

are often difficult to control, as treatment requires both antiepileptic drugs and 

glucocorticoids to address the underlying abnormality (Krumholz, 1991). Sometimes 

seizures may occur in the absence of underlying structural abnormalities with clearly 

better prognosis, suggesting that the real negative prognostic indicators are the 

underlying structural lesions instead of seizure itself (Krumholz, 2014). 

Depression is reported in over 60% of patients with sarcoidosis (Chang, 2001) and other 

cognitive or behavioral symptoms including delirium, personality changes, psychosis 

and memory disturbances develop in up to 20% of patients with neurosarcoidosis 

(Joseph, 2009). The cause of these manifestations is likely multifactorial, including 

encephalopathy from neurosarcoidosis itself, use of glucocorticoids, and the emotional 

burden of living with a chronic disease  

(Ungprasert, 2017b). 

The pathogenesis of neurosarcoidosis-associated encephalopathy remains poorly 

understood. Findings consistent with diffuse parenchymal inflammation are detectable 
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on imaging studies and intracranial granulomatous mass lesions, presenting as solitary 

mass or multiple nodules can be seen in any part of the CNS (Stern, 1985; Joseph, 

2009). Nonspecific white matter changes without gadolinium enhancement can also be 

found occasionally in asymptomatic patients and their relationship with 

neurosarcoidosis is uncertain, as they may also reflect comorbid pathology (Bradshaw, 

2021). In symptomatic patients, however, they can cause problems in differential 

diagnosis with vasculitis or multiple sclerosis, also due to their frequent periventricular 

and subcortical localization (MacLean, 2015; Smith 2004). 

 

2.3.4 Cerebrovascular disease 

Despite numerous pathological studies showing granulomatous involvement of cerebral 

vessels in sarcoidosis (Meyer, 1953; Herring, 1969; Manz, 1983), clinical signs of CNS 

vasculitis and in particular stroke events related to sarcoidosis seem to be quite rare. 

Moreover, sarcoidosis-related cerebral vasculitis seems to result more commonly in a 

slowly progressive encephalopathy rather than in an ischemic stroke (Brown, 1989). 

However, a recent population-based study demonstrated that the risk of cerebrovascular 

accidents in patients with sarcoidosis is 3 times higher than in the general population, 

together with a similar increased risk of other atherosclerotic diseases, such as 

myocardial infarction and peripheral arterial disease, suggesting a specific mechanism 

for stroke and cardiovascular diseases in sarcoidosis (Ungprasert, 2017a). 

Cerebrovascular events in patients with sarcoidosis have variable presentations, ranging 

from ischemic transient or permanent strokes (69%), to hemorrhagic stroke (31%) 

occasionally due to central venous thrombosis. Stroke can be the first sign of 

sarcoidosis in up to 40% of cases, but most of the patients show several signs of disease 

activity at the time of stroke, including other neurological manifestations (Jachiet, 

2018). 

Ischemic insults probably result from a combination of small-vessel vasculitis, large-

vessel inflammation or cardioembolic phenomena secondary to sarcoid cardiomyopathy. 

Perforating arteries are the most frequently involved, causing small profound lacunar 

infarcts, while large vessels stroke are exceptionally rare (Bathla, 2018). Hemorrhagic 

lesions are mainly intraparenchymal, usually small or microhemorragic with a 

supratentorial and lobar predilection, but subarachnoid hemorrhage is also rarely 

reported (Bathla, 2018). 

Sarcoidosis-related stroke also seems to be associated with an increased risk of 
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mortality (23%) and a high risk of permanent neurological impairment (up to 50% of 

patients) (Jachiet, 2018). 

 

2.3.5 Spinal cord 

In the past, spinal cord localizations of sarcoidosis were thought to be extremely rare, 

accounting for less than 5% of cases, but more recent studies showed a higher 

incidence, up to 20% of patients with neurosarcoidosis (Stern, 1985; Fritz, 2016). 

Isolated spinal cord sarcoidosis, without any other organ involvement, has also been 

occasionally reported (Duhon, 2012). 

The most common presentation is subacute to chronic onset of paresthesia and 

weakness below the affected spinal cord level, with progressive paraparesis developing 

over months (Durel, 2016). Other manifestations include back pain, radicular pain, 

proprioceptive disturbance, sphincter dysfunction, and cauda equina syndrome (Cohen-

Aubart, 2010; Bradley, 2006). 

MRI findings are often disproportionate in relation to clinical presentation. Indeed, 

despite extensive cord lesions involving multiple vertebral segments, patients often 

report only mild imbalance, walking difficulty, and leg numbness (Tavee, 2015). In a 

series from 1993, MRI findings were classified in 4 stages according to clinical 

progression: leptomeningeal enhancement, fusiform spinal cord enlargement, focal or 

diffuse intramedullary disease, and spinal cord atrophy (Junger, 1993). A more recent 

study described instead 4 main patterns of sarcoidosis myelitis: longitudinally extensive 

myelitis (45%), short tumefactive myelitis (23%), meningitis/meningoradiculitis (23%) 

and anterior myelitis adjacent to disc degeneration (10%) (Murphy, 2020). Abnormal 

gadolinium enhancement with dorsal cord subpial pattern longer than 2 spinal segments 

and persistence of enhancement for more than 2 months despite treatment seem to be 

clues towards a diagnosis of sarcoidosis in longitudinally extensive myelitis (Flanagan, 

2016). 

Granulomatous inflammation can be not only intramedullary, but also intradural 

extramedullary (presenting as aracnoiditis), o extradural, and seems to mostly involve 

cervical ant thoracic spine (Cohen-Aubart, 2010; Bradley, 2006). By contrast, multi-

radicular involvement is more frequent in lumbosacral segments, often presenting with 

gadolinium enhancement of conus medullaris and/or cauda equina (Koffmann, 1999). 

Historically, the outcome of these patients was unfavorable, with high incidence of 

permanent neurologic deficits (Stern, 1985). However, recent series demonstrated 
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instead a more favorable functional outcome, possibly because of a more prompt 

recognition and aggressive glucocorticoid and immunosuppressive therapy (Bradley, 

2006; Durel 2016). 

 

 2.3.6 Neuro-endocrine system 

Hypotalamic and/or pituitary involvement with consequent neuro-endrocrine 

dysfunction is reported between 2% and 9% of patients with neurosarcoidosis (Pawate, 

2009; Fritz, 2016). 

Endocrine dysfunction most often includes anterior hypopituitarism (LH/FSH 88,8%, 

TSH 67,4%, GH 50% and ACTH 48,8%), hyperprolactinemia (48,8%), and diabetes 

insipidus (65,2%) (Anthony, 2016). Other hypothalamus-pituitary hormonal axes, 

including thyroid hormone, growth hormone, and cortisol, may be affected as well 

(Langrand, 2012). Rare manifestations include inappropriate secretion of ADH, 

hyperphagia and obesity due to satiety center involvement, alteration of body 

temperature regulator, insomnia, and personality changes (Kirkland, 1983; Vanhoof, 

1992; Ungprasert, 2017b). 

MRI findings include thickening and contrast enhancement of the pituitary gland or 

stalk sometimes with extension into the hypothalamus and often multifocal (Langrand, 

2012). Radiologic outcome is often good, with improvement or disappearance of 

abnormalities after corticosteroid treatment, but most endocrine defects persist due to an 

early and irreversible damage to secreting cells, requiring life-long replacement therapy 

(Langrand 2012). 

 

 2.3.7 Peripheral nerves 

Peripheral neuropathy involving large fibers in patients with neurosarcoidosis is 

reported in 2% to 17% of cases (Pawate, 2009; Fritz, 2016). Despite its rarity, a wide 

spectrum of presentations have been described, including distal symmetrical 

polyneuropathy, which can be pure sensory, pure motor or mixed, single or multiple 

mononeuropathy and more rarely Guillain–Barré syndrome (GBS) and multifocal 

sensory-motor neuropathy with conduction block (Said, 2013). Unlike cranial 

neuropathies, peripheral neuropathies tend to have more often a slowly progressive 

onset and a chronic course. 

Electrophysiological studies usually show axonal alterations, but signs of demyelination 

are occasionally reported in GBS-like or multifocal neuropathies with conduction block, 
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suggesting that multifocal demyelination can be an early stage of nerve pathology 

induced by sarcoid granulomas (Said, 2013). 

Large series of sarcoid peripheral neuropathies with histological confirmation are rare in 

the literature (Said, 2002; Burns, 2006). Pathology shows epineural, perineural and 

occasionally endoneural granulomas with perineurial inflammatory infiltrates and 

variable and patchy involvement of nerve fascicles and axon loss. Granulomas are 

usually located around blood vessels and often associated with lymphocytic necrotizing 

vasculitis, likely contributing to nerve damage by ischemic mechanism (Said, 2013). 

Signs of granulomatous inflammation are almost always found also in muscle biopsies 

of these patients, being useful to differentiate sarcoid granulomas from leprous 

granulomas, which do not affect muscles. Therefore, muscle biopsy should always be 

performed in association with nerve biopsy in these patients (Said, 2002). 

Prognosis of peripheral neuropathy appears to be more benign than other types of 

neurosarcoidosis because most patients respond favorably to glucocorticoids and 

immunomodulatory treatment (Ungprasert, 2017). 

 

Small fiber neuropathy (SFN) seems to be a much more frequent finding, occurring in 

up to 40% to 60% of sarcoidosis patients (Drent, 2015). Moreover, a recent web-based 

survey involving more than 1000 patients with sarcoidosis suggested even higher 

prevalence rates, as 81% of participants reported symptoms consistent with SFN 

(Voortman, 2019a). 

Clinical manifestations include pain, numbness, burning dysesthesias, intolerance to bed 

sheets, and vibrating or electric shock–like sensations that might be migratory and 

intermittent at onset, but tend to become constant and can assume both a length-

dependent and non-length-dependent distribution (Tavee, 2011). Over 50% of patients 

also present symptoms of dysautonomia, with orthostatic hypotension and palpitations 

being the most common, followed by gastrointestinal disturbances and sweating 

dysfunction (Tavee, 2017). Symptoms are often disabling for patients, even when 

systemic disease is under control, and have an important impact on their quality of life. 

Conventional electrophysiological studies are usually unremarkable, unless a large fiber 

neuropathy is associated. The only accurate diagnostic test for demonstrating SFN is 

skin biopsy for the assessment of intraepidermal nerve fiber density (IENFD), which 

shows a reduction of small nerve fiber density at dermo-epidermal junction (Hoitsma, 

2002; Tavee, 2011). However, other etiologies of SFN should also be considered and 
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ruled out, including B12 deficiency and diabetes, before concluding that SFN in patients 

with sarcoidosis is inevitably related to sarcoidosis (Tavee, 2017). 

The pathogenesis of SFN in sarcoidosis is still not completely understood. Unlike large 

fiber neuropathy, which as already mentioned is granulomatous in nature, SFN falls 

within the group of so-called non-organ manifestations of sarcoidosis, namely clinical 

symptoms that are non-granulomatous in nature (Drent, 2015). This group also includes 

fatigue, depression, cognitive changes and other constitutional symptoms and has also 

been defined as parasarcoidosis or paraneurosarcoidosis (Judson, 2014; Tavee, 2014; 

Datema, 2015). Pathogenesis is thought to be related to high concentrations of 

circulating cytokines and chemokines, which might induce hyperexcitability within 

fibers, calcium influx and oxidative stress leading to axonal degeneration (Kidd, 2020). 

This hypothesis is supported both by the recurrence of SFN in several immune-

mediated inflammatory diseases and by the increasing reports of clinical improvement 

of these patients after treatment with intravenous immunoglobulins (IVIg) and TNFα 

inhibitors (Hoitsma, 2006; Parambil, 2011; Tavee, 2017). Clinical improvement has 

also been reported after treatment with ARA 290, a nonhematopoietic erythropoietin 

analogue with potent anti-inflammatory and tissue protective properties, acting at the 

innate repair receptor (Heij, 2012a; Dahan, 2013). 

 

 2.3.8 Skeletal muscle 

Asymptomatic involvement of skeletal muscles is reported in 25% to 75% of patients 

with sarcoidosis, while symptomatic involvement occurs in only 0.5% to 5% (Kobak, 

2015). However, sarcoidosis patients report fatigue and myalgia more commonly than 

healthy controls (Hinz, 2011) and a recent study showed that the presence of muscular 

involvement, even if asymptomatic, represents a negative prognostic factor for the 

outcome of sarcoidosis patients, also being often associated to a more widespread 

extrapulmonary involvement (Yanardağ, 2018). 

Symptomatic sarcoid myopathy has historically been classified in three peculiar clinical 

patterns (acute myopathy, chronic myopathy, and nodular myopathy) (Silverstein, 1969; 

Zisman, 2002), all characterized by the presence of non-caseating granulomas in 

skeletal muscles. A detailed review of the available literature will be outlined in chapter 

6.1, as the introduction of part of our research. 
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2.4 Diagnostic criteria 

Three main sets of diagnostic criteria have been proposed in the literature to define 

neurosarcoidosis. 

The first and historically most used criteria are those proposed by Zajicek and 

colleagues in 1999, which distinguish three different grades of clinical certainty 

(Zajicek, 1999). In the presence of a clinical presentation suggestive of neurosarcoidosis 

and after excluding alternative causes, a definite diagnosis requires positive nervous 

system histology. For a probable diagnosis, confirmation of systemic sarcoidosis 

together with laboratory support for CNS inflammation (namely pleocytosis, 

hyperproteinorrachia and/or presence of oligoclonal bands in CSF analysis or a 

suggestive MRI) is sufficient. In the absence of such requirements, only a possible 

diagnosis is allowed. For the confirmation of systemic sarcoidosis, original criteria 

required either a positive organ histology or a positive Kveim test, or at least two 

indirect indicators from Gallium-67 scan, chest X-ray and serum ACE (Table 1). Further 

reviews of these criteria proposed to exclude Kveim test (no longer used in clinical 

practice), replace chest X-ray with chest HRCT, replace serum ACE with CD4/CD8 

ratio >3,5 in BAL or >5 in CSF and add to Gallium-67 scan also 18F-FDG PET/CT scan 

(Marangoni, 2006). Elevated CSF IgG index was also added to the signs supporting 

CNS inflammation (Tavee, 2014). 
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Table 1. Proposed criteria for the diagnosis of neurosarcoidosis 
(Zajicek, 1999 and subsequent modifications: Marangoni, 2006; Tavee, 2014) 

• Clinical presentation suggestive of neurosarcoidosis 

• Exclusion of other possible diagnosis 

Definite Positive nervous system histology 

Probable Laboratory signs of CNS inflammation • Compatible MRI findings or 

• Inflammatory CSF alterations 

▪  proteins 

▪  cells 

▪  IgG index 

▪ Oligoclonal bands 

▪ CD4/CD8 > 5 

 Evidence for systemic sarcoidosis • Positive histology in other organ or 

• At least 2 positive indirect indicators 

▪ 18F-FDG PET/CT scan 

▪ Gallium-67 scan 

▪ Chest HRCT 

▪ Serum ACE 

▪ BAL CD4/CD8 > 3.5 

Possible Above criteria not met 

Abbreviations: CNS = central nervous system; MRI = magnetic resonance imaging; 18-FDG = 18F-

fluorodeoxyglucose; PET/CT = positron emission tomography/computed tomography; HRCT = high-

resolution computed tomography; ACE = angiotensin-converting enzyme; BAL = bronchoalveolar lavage; 

CSF = cerebrospinal fluid. 

 

In 2014, WASOG revised the criteria to assess organ involvement in sarcoidosis, 

updating those defined during ACCESS study in 1999 (Judson, 1999; Judson, 2014). 

These criteria are based on the consensus of groups of experts which evaluated, 

according to scientific evidence and personal experience, a list of common clinical 

conditions that could be considered as representing organ involvement of sarcoidosis. 

Consensus was reached with at least 70% agreement among the experts. Clinical 

conditions were graded in three categories based on the likelihood of sarcoidosis 

causing that manifestation. Manifestations highly specific for sarcoidosis, including 

cases of positive organ histology, were defined as highly probable, replacing the 

“definite” denomination. Manifestations considered as fairly specific for sarcoidosis, 

enough not to require histologic confirmation, were defined as at least probable, while 

manifestations considered as consistent but not specific for sarcoidosis were defined as 

possible. For some of the proposed manifestations, consensus was not reached, 

therefore it is unclear if such clinical conditions were adequate or not to represent organ 

involvement of sarcoidosis. Two criteria were required to be fulfilled in order to apply 
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this assessment: histologic evidence of granulomatous inflammation of unknown cause 

needed to be demonstrated in at least one other organ and all alternative causes for the 

clinical manifestations assessed had to be reasonably excluded (Table 2). 

 

Table 2. WASOG criteria for assessing nervous system involvement in sarcoidosis 
(Judson, 2014) 

• Histologic evidence of granulomatous inflammation in at least one organ 

• Exclusion of alternative causes 

Highly 

probable 

Clinical syndrome consistent with 

granulomatous inflammation of the 

meninges, brain, ventricular (CSF) 

system, cranial nerves, pituitary gland, 

spinal cord, cerebral vasculature or 

nerve roots 

Plus one of the following: 

• Abnormal MRI characteristic of 

neurosarcoidosis → abnormal 

enhancement after gadolinium 

administration 

• Inflammation in CSF analysis 

At least 

probable 

Isolated facial palsy with negative MRI 

Clinical syndrome consistent with granulomatous inflammation of the meninges, 

brain, ventricular (CSF) system, cranial nerves, pituitary gland, spinal cord, cerebral 

vasculature or nerve roots without MRI or CSF findings 

Possible Seizures with negative MRI 

Cognitive decline with negative MRI 

No 

consensus 

Peripheral neuropathy involving large fibers (axonal and demyelinating 

polyneuropathies and multiple mononeuropathies) 

Cranial nerve palsies other than facial with negative MRI 

CSF pleocytosis 

Low CSF glucose 

Abbreviations: CSF = cerebrospinal fluid; MRI = magnetic resonance imaging. 

 

In 2018 the Neurosarcoidosis Consortium Consensus Group (NCCG), a panel formed 

by 10 neurologists and 4 pneumologists experienced in the management of patients with 

sarcoidosis and neurosarcoidosis, developed new consensus criteria for the diagnosis of 

neurosarcoidosis (Stern, 2018). The aim was to enhance the clinical care of patients 

with suspected neurosarcoidosis and to encourage standardization of research initiatives 

addressing the disease. These criteria focus mainly on the presence of clinical 

manifestations and diagnostic findings (including MRI, CSF and/or EMG/NCS 

findings) suggestive of granulomatous inflammation of the nervous system and on the 

rigorous exclusion of other causes, especially infections and malignant neoplasms. 

Supplementary material also includes detailed differential diagnostic considerations and 

recommended tests for each presentation and suspect. In view of this, the degree of 

diagnostic certainty is determined by the presence of pathology findings consistent with 
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sarcoidosis in the nervous system for definite neurosarcoidosis, or in other organs for 

probable neurosarcoidosis; in the absence of pathologic confirmation of granulomatous 

disease, neurosarcoidosis is only considered possible (Table 3). However, authors 

underline that even pathologic identification of granulomas cannot be considered as 

100% definitive and emphasize the need to reassess diagnosis on the basis of the patient 

clinical course and response to treatment, albeit they decided not to include treatment 

response as a formal component of the criteria because many other diseases may 

transiently respond to immunosuppressive treatment. 

 

Table 3. NCCG proposed diagnostic criteria for CNS and PNS neurosarcoidosis 
(Stern, 2018) 

• Clinical presentation and diagnostic evaluation suggesting neurosarcoidosis 

▪ Clinical manifestations 

▪ MRI, CSF and/or EMG/NCS findings typical of granulomatous inflammation of the 

nervous system 

• Rigorous exclusion of other causes 

Definite Nervous system pathology consistent with neurosarcoidosis 

Type a. Type b. 

Extraneural sarcoidosis is evident No extraneural sarcoidosis is evident 

(isolated neurosarcoidosis) 

Probable Pathologic confirmation of systemic granulomatous disease consistent with 

sarcoidosis 

Possible No pathologic confirmation of granulomatous disease 

Abbreviations: MRI = magnetic resonance imaging; CSF = cerebrospinal fluid; EMG/NCS = 

electromyography/nerve conduction study. 

 

2.5 Diagnostic tests 

As defined in the aforementioned sets of criteria, the highest grade of diagnostic 

certainty for neurosarcoidosis is reached with a CNS or PNS histology positive for 

sarcoid granulomas, in the presence of a suggestive (or at least consistent) clinical 

manifestation and after the exclusion of alternative diagnosis (Zajicek, 1999; Judson, 

2014; Stern, 2018). However, due to the invasive and possibly destructive nature of 

nervous system biopsy, often it is not possible to obtain histological confirmation of the 

diagnosis. Moreover, false negative results are not infrequent and up to 40% of cerebral 

and meningeal biopsies turn out to be inconclusive (Stern, 2010). Therefore, the 

diagnostic process for confirming neurosarcoidosis should focus on two main 
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objectives: confirming a neuro-inflammatory basis of disease and investigating systemic 

sarcoidosis (Ibitoye, 2017). 

 

 2.5.1 Histology 

Despite histology of neurosarcoidosis has been less diffusely studied than other organ 

involvement, pathologic studies performed on biopsies and autoptic material 

demonstrated that typical sarcoid lesions in nervous system show the same 

characteristics found in other organs. 

Lesions consist of epithelioid granulomas, which may be either scattered or confluent in 

larger masses (up to 1-2 cm); in nervous system they tend to be typically located closer 

to vessels, be smaller, and contain giant cells less commonly compared to other organs 

(van Dellen, 2013; Jefferson, 1958). In CNS, the most common localization of 

granulomas is meningeal, which usually occurs at the skull base and involves the 

leptomeninges but can extend from the subarachnoid space into the superficial brain 

parenchyma along the Virchow-Robin spaces. The most common sites of parenchymal 

involvement are hypothalamus and pituitary gland, while the spinal cord sites 

preferentially involved are the cervical or thoracic cord. In the peripheral nerves, the 

granulomas primarily involve epineurium, perineurium and the vasa nervorum (Tana, 

2015). 

Microscopically, neurosarcoidosis granulomas are 150-400 µm diameter round compact 

collections of epithelioid histiocytes interspersed with lymphocytes and surrounded by a 

rim of sparse lymphoid cells and variable amount of fibrosis and collagen deposition, 

depending on their “age” (Figure 5). Granulomas, in fact, become fibrotic starting from 

the periphery toward the center, with eventual replacement of the whole lesion by a 

hyalinized nodular fibrous scar. When located within the CNS parenchyma, granulomas 

are often surrounded by a dense reactive gliosis (Tana, 2015). Small foci of necrosis 

(granular, fibrinoid, or eosinophilic) may occasionally be present in the center of sarcoid 

granulomas, in a rare form of ‘necrotizing’ neurosarcoidosis which results in increased 

complexity of differential diagnosis towards granulomatous infectious diseases (Tobias, 

2002). Neurosarcoidosis may also show associated vasculitis, with infiltration of the 

adventitia and media of small arteries or veins by granulomas, giant cells, or 

lymphocytes, which can be responsible for foci of parenchymal ischemic necrosis 

(Tana, 2015). 
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Figure 5. Sarcoid granulomas in subarachnoid space (A) and in the pituitary gland (B) (H&E 
stain, original magnification x200) (Tana, 2015) 

Epithelioid and multinucleated giant cells composing granulomas stain for histiocytic 

markers (CD68, HAM-56, and CD163) and may stain weakly for CD4. CD4 also stains 

the T-cells within the granulomas, while lymphocytes rimming the granulomas are 

usually T-cells staining for CD8, possibly mixed with rare CD20 staining B-cells, 

CD138-staining plasma cells and rare tryptase and CD117-staining mast cells. However, 

immunohistochemistry is rarely needed for diagnostic purposes, since granulomas are 

usually easily identified on routine hematoxylin-eosin stained sections (Tana, 2015). 

 

 2.5.2 Neuroimaging 

Contrast-enhanced MRI of the brain and/or the spine is the most sensitive imaging 

modality for assessing CNS involvement in sarcoidosis and is currently considered 

the standard of care, although its sensitivity decreases in case of concomitant or 

previous steroid therapy (Pawate, 2009; Ungprasert, 2017). 

Non-enhancing white matter (NEWM) lesions, T2-hyperintense, are often described 

as the most common imaging abnormality and are reported in more than half of the 

patients in some cohorts (Bathla, 2020). They variably involve periventricular, deep 

and subcortical white matter and are mostly scattered or early confluent, mimicking 

multiple sclerosis. Their pathogenesis is unclear, but small infarcts due to 

granulomatous angiopathy or extension of a subependymal granulomatous process 

may contribute. However, NEWM lesions are often asymptomatic and usually do not 

improve with therapy and are therefore considered fairly nonspecific (Bathla, 2016). 

Small parenchymal granulomas may be seen only after gadolinium administration, 

while larger masses are often isointense on T1-weighted images and show T2 

prolongation (Bathla, 2016); they usually present with diffuse or rim enhancement, 

although non-enhancing lesions may rarely occur and coexist with enhancing ones 

A B 



44 
 

(Lury, 2004; Bathla, 2020). Supratentorial localization seems to be the most 

common, followed by combined supra- and infra-tentorial localization (Bathla, 

2020). Necrosis and parenchymal calcifications are rare (Shah, 2009). 

Hypothalamic and pituitary gland involvement usually presents as nonspecific 

thickening and enhancement of the pituitary-infundibulum-hypothalamus, which 

may extend into the surrounding meninges (Bathla, 2016). 

Leptomeningeal involvement is reported in 18% to 71% of patients, and some 

authors describe it as the most common finding (Bathla, 2020). It usually manifests 

as smooth or nodular abnormal meningeal enhancement, has often a basal or 

suprasellar localization and may be associated with perivascular enhancement due to 

spread of the inflammatory process along the Virchow-Robin spaces (Bathla, 2016).  

Pachymeningeal involvement is reported in about 30% of patients, mostly involving 

posterior fossa. Lesions may be focal or plaque-like, are often hypontense on T2-

weighted images and uniformly enhance after gadolinium administration (Bathla, 

2016; Smith, 2004). Interestingly, dural and leptomeningeal involvement are rarely 

present together in the same region, a finding attributed to the arachnoid barrier cells, 

which prevent spread of disease through the arachnoid membrane (Smith, 2004). 

Hydrocephalus is reported in 4% to 38% of patients and may be either 

communicating (probably due to impaired CSF reabsorption) or obstructive (usually 

due to retractions caused by leptomeningeal inflammation) (Bathla, 2020; Bathla, 

2016). 

Involved cranial nerves may appear thickened and show smooth or nodular 

gadolinium enhancement, which may occur isolated or over a background of 

leptomeningeal involvement (Bathla, 2016; Shah, 2009). The most common 

involved nerve on imaging is usually the II, followed by the VII and the V, and 

multiple concomitant alterations are frequent (Bathla, 2020). However, clinical signs 

and symptoms of cranial neuropathy have a poor correlation with MRI abnormalities 

because some patients have abnormal MRI without any clinical symptoms whereas 

others have clinical symptoms with normal MRI (Ungprasert, 2017). 

Cerebrovascular manifestations were considered rare but have increasingly been 

described in the last few years, probably because they often manifest clinically with 

progressive encephalopathy rather than a distinct stroke-like syndrome (Jachiet, 

2018). Ischemic strokes commonly involve the basal ganglia, thalamus, and brain 

stem, due to preferential involvement of small perforating arteries, while large-vessel 
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involvement is exceptionally rare. They are often small and may be most apparent on 

diffusion-weighted images as foci of restricted diffusion, while T2-weighted images 

may not be very useful due to the possible presence of surrounding parenchymal 

edema or white matter lesions which tend to make them even more inconspicuous. 

Occasionally the infarcts may be multiple, recurrent, or of varying ages and rarely 

they may be more superficial and subcortical, due to involvement of the cortical 

vessels from surrounding meningeal inflammation (Bathla, 2018). Symptomatic 

hemorrhagic lesions are rare, usually intraparenchymal and mainly supratentorial, but 

their distribution is variable, probably due to pathologically demonstrated “mixed” 

venous and arterial involvement (Bathla, 2018). However, asymptomatic 

microhemorrhages, demonstrated with SWI sequences, seem to occur in 

approximately 30% of patients (Zamora, 2018). Because the underlying etiology is 

vasculitis, these patients may present changes of both ischemia and hemorrhage at 

different time points (Bathla, 2018). Rare vascular manifestations, including dural 

sinus thrombosis (Byrne, 1983), cavernous sinus involvement (Rosini, 2017), 

subarachnoid hemorrhage (Berek, 1993) and Moyamoya-like vasculopathy (Ko, 

2009) have also been occasionally reported. A recent study analyzed a small cohort 

of neurosacoidosis patients with high resolution vessel-wall imaging, showing that 

69% of patients had some evidence of vascular involvement, including dilatation or 

tortuosity of lenticulostriate perforators and/or medullary veins, perivascular 

enhancement, large vessels involvement and microhemorrhages or chronic infarcts 

(Bathla, 2021). These features, although non-specific, should however drive the 

diagnostic suspect towards neurosarcoidosis, especially when combined with other 

suggestive imaging abnormalities, such as leptomeningeal or cranial nerve 

involvement. 

In the spinal cord, the most frequent MRI finding is intramedullary involvement, 

mostly in the cervical or upper thoracic spine. Lesions often extend over multiple 

segments and show T1/T2 prolongation and patchy gadolinium enhancement, which 

is often peripheral (Bathla, 2016; Shah, 2009). There is often fusiform enlargement 

of the affected cord segment and overlying leptomeningeal involvement, which is 

thought to be a precursor of intramedullary lesions (Lury, 2004; Junger, 1993). 

Spinal nerves may be involved, presenting as non-specific leptomeningeal 

enhancement, while dural lesions are rare and often show T2 prolongation, unlike 

intracranial dural lesions (Bathla, 2016; Lury, 2004). 



46 
 

MRI can sometimes show also sarcoid bone lesions, often asymptomatic. Skull and 

vertebral column involvement is rare, but usually affects lower thoracic and upper 

lumbar spine (Smith, 2004). Lesions are often T1 isointense and may show T2 

prolongation or shortening based on whether they are predominantly lytic or 

sclerotic, may be multiple and enhance after gadolinium administration (Bathla, 

2016). 

 

However, all the aforementioned findings are compatible with neurosacoidosis but 

clearly nonspecific, raising relevant differential diagnosis issues. Therefore, although 

sensitive, MRI is not sufficient for diagnosing neurosarcoidosis with reasonable 

confidence and needs integration with other clinical and laboratory findings. 

Other neuroimaging techniques have more limited applications. Contrast-enhanced 

CT scan may be helpful for patients with contraindications to MRI, but show a much 

lower sensitivity (Stjepanović, 2014). Conventional angiography can demonstrate 

vasculitis, but carries a high risk of false negatives, due to the frequent selective 

involvement of smaller perforating vessels and veins (Bathla, 2018). 18F-FDG 

PET/CT scan has a limited role in the assessment of neurosarcoidosis lesions in 

CNS, because it can show both accelerated metabolism due to sarcoid inflammation, 

or delayed metabolism due to neuron dysfunction and decreased metabolic demand 

with respect to the usual high metabolic needs of the brain (Stjepanović, 2014). On 

the other hand, 18F-FDG PET/CT scan may play a major role in demonstrating 

systemic sarcoidosis abnormalities and identifying potential biopsy localizations 

outside CNS (Fritz, 2020a). 

 

 2.5.3 CSF analysis 

CSF findings in neurosarcoidosis are not specific, but lumbar puncture should however 

be performed in these patients, in order to establish the presence of intrathecal 

inflammation and rule out other possible etiologies of the clinical picture. 

Usual CSF findings are elevated proteins, lymphocyte predominant pleocytosis and 

hypoglycorrhachia (Pawate, 2009; Leonhard, 2016), especially in patients with 

leptomeningeal involvement (Wengert, 2013). Oligoclonal bands (sometimes matched 

with serum) and elevated IgG index may be seen in 20% to 40% of patients (Pawate, 

2009; Leonhard, 2016). 

However, CSF analysis is sometimes normal, especially in patients with isolated cranial 
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neuropathy, clinically inactive or already on steroid treatment, therefore a negative 

finding does not always rule out diagnosis (Ungprasert, 2017; Stern, 1985). 

For differential diagnosis purpose, viral PCRs with associated serologies, mycobacterial 

PCR and bacterial, acid-fast bacterial and fungal cultures should be performed, along 

with cytology and flow-cytometry to rule out malignancies (Stern, 2018). 

Several studies investigated potential CSF biomarkers for neurosarcoidosis, with 

contradictory results. A detailed review of the available literature will be outlined in 

chapter 5.1, as the introduction of part of our research. 

 

 

 2.5.4 Other investigations 

Electrophysiological studies are useful for diagnosis and follow-up of patients with 

suspected peripheral nerve or muscular involvement and can help determine 

localization, demyelinating versus axonal pathophysiology, degree of severity, and 

chronicity of the lesion, but their findings are nonspecific (Tavee, 2015). 

Musculoskeletal MRI may also demonstrate nodular lesions within the muscle 

suggestive of sarcoidosis involvement, and histologic confirmation may be obtained 

through nerve or muscle biopsy (Prieto-González, 2014). In patients with SFN, 

quantitative sudomotor axon reflex testing, tilt table testing and confocal corneal 

microscopy may be useful, but skin biopsy for IENFD evaluation is required for 

confirming the diagnosis (Tavee, 2011).  

Visual, somatosensory and brainstem evoked potential have shown to be abnormal often 

also in asymptomatic patients, being able to detect subclinical CNS involvement 

(Oksanen, 1986b; Gott, 1997). 

Different presentations may also require more focused testing. Indeed, an 

electroencephalogram should be obtained in patients presenting with seizures and a 

neuroendocrine evaluation may be needed in patients presenting with symptoms of 

hypothalamic-pituitary dysfunction (Tavee, 2015). 

 

Finally, it is important to repeat that in patients without prior history of systemic 

sarcoidosis it is mandatory to search for other potential organ involvement, both for 

diagnostic confirmation and for accurate prognostic evaluation. Investigation should 

include serum biomarkers testing, evaluation of lungs with chest HRCT (eventually 

extended to abdomen and pelvis to search for lymphadenopathies), broncho-alveolar 
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lavage, pulmonary function tests and ophthalmologist evaluation. Whenever possible, 

histologic confirmation of sarcoidosis should be pursued in at least one organ. If 

aforementioned tests fail to show evidence of systemic disease, further evaluation with a 

whole body 18F-FDG PET/CT scan should be considered. (Tavee, 2014; Krumholtz, 

2014).  

 

2.6 Differential diagnosis 

Among granulomatous diseases, the most important differential diagnosis to consider is 

tuberculosis involving the nervous system, especially in areas where it is endemic and 

in patients who have a history of exposure. Nervous system involvement by tuberculosis 

has a similar radiological and histopathological distribution, with basilar meningeal 

involvement and extension to the parenchyma with military granulomas or larger 

tuberculomas. Although classic tubercular granulomas are necrotizing, tuberculosis may 

occasionally show only non-necrotizing granulomas on biopsy (Chokoeva, 2014). 

Therefore, every effort should be made to rule out mycobacterial infection, including 

acid-fast stains, immunostains for mycobacteria, PCR-based molecular tests and 

cultures (Tana, 2015). 

Other granulomatous infections which may occasionally present with only non-

necrotizing granulomas are histoplasmosis, aspergillosis, and cryptococcosis and 

serologic testing, special stains, and molecular diagnostic methods should be employed 

to rule them out. In general, the presence of more than focal necrosis strongly suggests 

an infectious process, as does the presence of more than occasional non-lymphocytic 

cells within the center or periphery of granulomas (i.e. plasma cells in syphilis, 

neutrophils in suppurative granulomas or eosinophils in parasitic granulomas) 

(Kosjerina, 2012). 

Among non-infectious diseases, granulomatous vasculitides should be considered in 

neurosarcoidosis differential diagnosis. Granulomatosis with polyangiitis, formerly 

known as Wegener’s granulomatosis, can frequently involve CNS affecting meninges, 

optic nerve or other cranial nerves and the pituitary gland. It usually involves small- and 

medium-sized vessels with granulomatous inflammation and necrosis, in patients with 

ANCA-positive serology (Seror, 2006). Primary central nervous system vasculitis may 

present granulomatous aspects in 50% of patients; in such cases differential diagnosis 

with neurosarcoidosis is complex and should be based on the presence of necrotizing 
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vasculitis, the absence of meningeal, cranial nerve or spinal cord involvement and the 

absence of systemic disease (Hajj-Ali, 2013; Saygin, 2020). 

A number of neoplastic conditions may present with granulomas. These include 

lymphomatoid granulomatosis, a B-cell lymphoma that may present with extensive 

infiltration of the meninges, blood vessels, and brain by lymphoid cells which show at 

least focally atypical features (Lucantoni, 2009). Moreover, pineal germinomas may be 

associated with sarcoid-like reactions composed of numerous small, non-necrotizing 

granulomas that may obscure the presence of the neoplastic germ cells (Tana, 2015). 

Another multi-system immune-mediated disease to consider in differential diagnosis, 

although not exactly granulomatous, is the so-called IgG4-related disease (IgG4-RD) 

which can affect CNS with a chronic pachymeningitis often involving cranial nerves 

and pituitary gland (Stone, 2012). Although 2019 ACR/EULAR criteria comprise the 

presence of primary granulomatous inflammation among exclusion criteria (Wallace, 

2020), at least two patients with lymphadenopathy due to IgG4-RD presenting 

granulomas at histologic examination were reported (Bateman, 2015). Such findings 

underline that this disease should at least be considered in differential diagnosis of 

neurosarcoidosis. 

Lastly, it should be reminded that, unexpectedly, anti-TNFα drugs can induce sarcoid 

reactions, potentially mimicking neurosarcoidosis (Berrios, 2015; Hunter, 2016). 

Main differential diagnosis of neurosarcoidosis sorted by predominant clinical 

syndromes are reported in Figure 6. 
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Figure 6. Differential diagnosis of neurosarcoidosis by predominant clinical syndrome 
(Agnihotri, 2014) 
Abbreviations: ANCA = antineutrophilic cytoplasmic antibodies; CNS = central nervous system; CMV = 

cytomegalovirus; HIV = human immunodeficiency virus; VZV = varicella zoster virus. 

 

Among non-granulomatous disorders, the most important differential diagnosis of 

neurosarcoidosis is certainly multiple sclerosis (MS). Clinically isolated 

neurosarcoidosis can indeed be almost indistinguishable from multiple sclerosis, 

mimicking symptoms, relapsing-remitting course and temporo-spatial dissemination of 

lesions in MRI. However, some clinical features can suggest neurosarcoidosis over 

multiple sclerosis (Figure 7): for instance, severe bilateral and progressive optic 

neuropathy, co-occurrence of neuroendocrine and optic nerve dysfunction or a facial 

palsy which is bilateral or unilateral but associated to vestibulocochlear dysfunction are 

way more characteristic of neurosarcoidosis. Similarly, a persistent steroid sensitivity 

with relapses upon steroid tapering or suspension, or the coexistence of central and 

neuromuscular symptoms are not typical for multiple sclerosis (MacLean, 2015). 

Regarding neuroimaging, the association of parenchymal and meningeal lesions 

strongly directs towards neurosarcoidosis. Lastly, spinal cord presentations of 

neurosarcoidosis are usually more severe and disabling and MRI lesions are more likely 

to be longitudinally extensive and show a more heterogeneous and patchy enhancement 

after gadolinium administration (MacLean, 2015; Junger, 1993). 



51 
 

 

Figure 7. Differentiating features of central nervous system sarcoidosis from multiple 
sclerosis (Nozaki, 2012) 
Abbreviations: ACE = angiotensin converting enzyme; CNS = central nervous system; CSF = cerebrospinal 

fluid; MR = magnetic resonance; MS = multiple sclerosis; WM = white matter. 

 

2.7 Treatment 

Unlike pulmonary sarcoidosis, spontaneous resolution of neurosarcoidosis is 

exceptionally rare, limited to sporadic cases with isolated V or VII cranial nerve 

presentations (Arun, 2021). Therefore, treatment of neurosarcoidosis is almost always 

warranted, in order to minimize morbidity and mortality (Voortman, 2019b). 

Unfortunately, due to the rarity of the condition, no randomized clinical trials have been 

performed so far, and currently available treatment recommendations are only based on 

expert opinions and retrospective studies (Figure 8). 
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Figure 8. Therapies for neurosarcoidosis (Tavee, 2015) 
Abbreviations: CBC = complete blood count; HBV = hepatitis B virus; IV = intravenous; PML = progressive 

multifocal leukoencephalopathy; PPD = purified protein derivative, skin test to diagnose tuberculosis; SQ 

= subcutaneous. 

 

As in pulmonary and systemic sarcoidosis, CS are the first line of treatment, although 

they seem to be effective, when administered in monotherapy and at low dosage, in a 

lower percentage of patients, usually with milder presentations as unilateral or bilateral 

facial nerve palsies, isolated leptomeningeal involvement or pituitary disease 

(Voortman, 2019b; Arun, 2021). Reported dosages vary, ranging from 0,5-1 mg/kg/day 

of oral prednisone to courses of 3-5 days of intravenous methylprednisolone 1 g/day for 

severe and potentially life-threatening presentations. In general, patients with 

neurosarcoidosis often require a prolonged course of corticosteroid therapy (at least 6-

12 months) and then, once adequate clinical and radiological response is achieved, 

treatment can be gradually tapered (Ungprasert, 2017). 

Second-line immunosuppressive treatment is recommended in case of severe disease at 

presentation, refractory or relapsing disease during CS treatment or tapering, when 

prolonged treatment with high doses of CS is required or a primary contraindication for 

corticosteroids exists (Voortman, 2019b). It is important to underline that most second-

line therapies need 3 to 6 months before a clinical response might be expected, therefore 
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the use of combination therapies with CS and immunosuppressant ab initio should be 

considered in severe presentations (Fritz, 2017; Ungprasert, 2017). 

MTX is the most frequently used second-line agent (Fritz, 2016). One retrospective 

study reported a response rate of 61% in patients treated with MTX and corticosteroids, 

after corticosteroids monotherapy failed (Lower, 1997) and in another study 

neurosarcoidosis patients treated with MTX were able to taper prednisone without 

relapses in about half of cases (Bitoun, 2016). Reported dosages range from 10 to 25 mg 

per week and adverse effects do not occur frequently and can be lessened by the use of 

folic acid (Ungprasert, 2017). 

AZA is the second most used immunosuppressant after MTX (Fritz, 2016), but most of 

the data about its efficacy come from pulmonary sarcoidosis studies, showing similar 

treatment response and adverse events compared to MTX, except for a higher rate of 

infections (Vorselaars, 2013). Usual dosage is 2 mg/kg/day orally. 

MMF (2 g/day orally) has occasionally been reported as effective in neurosarcoidosis 

(Androdias, 2011), but a comparative study showed a significantly higher relapse rate 

when prednisone was withdrawn with respect to MTX-treated patients (Bitoun, 2016). 

Few case reports and series report the use of intravenous CYC 500-1000 mg every 2 or 

3 weeks, with a response rate of around 50% (Lower, 1997; Doty, 2003). However, 

adverse effects are more frequent and serious than other immunosuppressants, therefore 

it is considered a third-line treatment option in severe disease, refractory to other 

cytotoxic agents (Fritz, 2017). 

Third-line treatment consists of TNFα inhibitors, mainly IFX. Few recent studies 

reported on relatively large cohorts of neurosarcoidosis patients treated with IFX 

(Cohen-Aubart, 2017; Gelfand, 2017; Fritz, 2020b), showing favourable long-term 

outcomes also in patients who failed to respond to previous immunosuppressant 

therapies. However, studies also demonstrated a high rate of relapses after tapering or 

withdrawal and frequent occurrence of infectious complications, underlining that a strict 

follow-up remains essential. 

The use of ADA is mainly reported in patients who did not respond or showed adverse 

events after MTX or IFX (Hutto, 2021). The limited data available show efficacy in a 

variety of neurologic phenotypes, with a lower risk of developing anti-drug antibodies 

with respect to IFX. 

Few case reports and a small case series have reported efficacy of RTX administration 

in a limited number of refractory neurosarcoidosis patients (Bomprezzi, 2010; Zella, 
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2018; Earle, 2019). 

Patients with painful SFN due to sarcoidosis have shown poor response to corticosteroid 

treatment, whereas clinical improvement was reported after immune-modulating 

treatment with IVIg, TNFα inhibitors and ARA 290 (Parambil, 2011; Hoitsma, 2006; 

Heij, 2012a; Dahan, 2013). 
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CHAPTER 3: AIMS OF THE RESEARCH STUDY 

 

CNS and neuromuscular involvement are both rare presentations of sarcoidosis, 

representing a diagnostic challenge for neurologists mainly due to their polymorphic 

clinical presentations and the lack of established sensitive and specific diagnostic 

biomarkers of the disease. 

Thanks to the cooperation with the Sarcoidosis Regional Referral Center, managed by 

Respiratory Diseases and Lung Transplantation Unit of the University Hospital of 

Siena, we were able to evaluate and follow a large number of sarcoidosis patients with 

suspected or confirmed neurologic involvement. 

Therefore, we decided to critically analyze the data derived from clinical experience and 

to perform focused clinico-pathologic studies, in order to gain more insight on the 

disease and its complications and to propose new potential diagnostic tools. 

 

Specifically, our research study was developed in three main parts: 

- A retrospective cohort study on a population of CNS neurosarcoidosis patients, 

performed with the aims of identifying recurrent and peculiar clinical patterns 

and evaluating the possible use of current diagnostic criteria in clinical practice; 

- A controlled study on serum and CSF biomarkers of CNS neurosarcoidosis 

including CTO and KL-6, which were never systematically investigated in this 

localization of the disease; 

- A retrospective/prospective cohort study on sarcoidosis patients undergoing 

muscular biopsy, performed in order to define every clinico-pathological 

presentation and investigate for the first time the role of TNFα in sarcoid 

myopathy. 

  



56 
 

CHAPTER 4: CNS NEUROSARCOIDOSIS, EXPERIENCE FROM A 

SARCOIDOSIS REFERRAL CENTER 

 

4.1 Materials and methods 

The current study was performed at University Hospital of Siena and originated from 

the cooperation between the two Neurology Units (Neurology and Clinical 

Neurophysiology Unit and Clinical Neurology and Neurometabolic Diseases Unit) and 

the Sarcoidosis Regional Referral Center, managed by Respiratory Diseases and Lung 

Transplantation Unit. 

This is a retrospective cohort study on neurosarcoidosis patients followed between 

January 1st 2011 and December 31st 2020 by the Sarcoidosis Regional Referral Center, 

which enrolls about 50 newly diagnosed sarcoidosis patients every year. 

The retrospective review of medical records involved: 

- Sarcoidosis patients followed by Sarcoidosis Regional Referral Center who 

underwent at least one neurologic evaluation in the suspect of neurosarcoidosis; 

- Inpatients and outpatients from Neurology and Clinical Neurophysiology Unit 

and Clinical Neurology and Neurometabolic Diseases Unit who were lately 

diagnosed with sarcoidosis. 

All patients who fulfilled at least a possible diagnosis according to at least one of the 

three major neurosarcoidosis diagnostic criteria proposed in the literature (Zajicek, 

1999; Judson, 2014; Stern, 2018) were included. Charts with at least one missing piece 

of information required for an adequate diagnostic evaluation according to the 

aforementioned criteria, were excluded. Patients with peripheral nerve or skeletal 

muscle involvement were excluded from this cohort, in order to focus on CNS 

manifestations, and will be the object of a further study presented in the next chapters. 

Demographics, medical history, clinical presentation, laboratory data, radiological and 

histopathological results, treatment details and response to treatment at follow-up were 

collected for each included patient and were entered into an electronic database. 

The following tables outline detailed information about the study population. 
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Table 4. Demographics and past clinical history 

Pt Sex 
Age at NS 

onset 
Ethnicity 

Immune-related 
comorbidities 

Previous 
S 

Time 
S-NS 

01 – DD M 44 yrs Caucasian – Yes 87 mos 

02 – ME F 68 yrs Caucasian Bronchial asthma Yes 72 mos 

03 – VF M 47 yrs Caucasian 
IgA nephropathy, 

psoriasis 
No – 

04 – DG M 39 yrs Caucasian Drug allergy No – 

05 – MV F 16 yrs Caucasian – No – 

06 – GM F 45 yrs 
Southern-
American 

– No – 

07 – LM M 49 yrs African – Yes 40 mos 

08 – VC F 47 yrs Caucasian Sjögren syndrome No – 

09 – PP F 46 yrs Caucasian – No – 

10 – PA F 47 yrs Caucasian – No – 

11 – DA M 61 yrs Caucasian Drug allergy No – 

12 – PC F 27 yrs Caucasian – No – 

13 – TG M 53 yrs Caucasian GBS No – 

14 – CL F 56 yrs Caucasian 
Bronchial asthma, 
drug allergy, MS 

No – 

15 – GP M 37 yrs Caucasian – No – 

16 – SP M 52 yrs Caucasian – Yes 130 mos 

17 – SM F 48 yrs Caucasian – Yes 30 mos 

18 – AM M 56 yrs Caucasian – Yes 36 mos 

19 – SP M 45 yrs Caucasian Allergic oculorhinitis Yes 31 mos 

20 – SD M 31 yrs Caucasian – No – 

21 – MG M 42 yrs Caucasian – Yes 144 mos 

22 – MC M 52 yrs Caucasian Drug allergy Yes 34 mos 

Abbreviations: Pt = patient; NS = neurosarcoidosis; S = sarcoidosis; time S-NS = time (months) 
from sarcoidosis diagnosis to onset of neurological symptoms; yrs = years; GBS = Guillain-Barré 
syndrome; MS = multiple sclerosis; mos = months. 
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Table 5. Pulmonary and systemic sarcoidosis 

Pt Pathology 
Chest HRCT 

(Scadding 0-IV) 
BAL 

18F-FDG 
PET/CT 

Serum ACE 
(IU/l) 

Serum LSZ 
(mg/l) 

Serum CTO 
(nmol/ml/h) 

Extra-thoracic 
localizations 

01 – DD + LN I n.a. n.d. 68 6,6 87 LN, skeletal muscle 

02 – ME + TBNA III n.a. n.d. 13 6,2 160 – 

03 – VF + TBNA II 
CD4/CD8 2 

n.d. 2 8,2 n.d. – 
L 7% 

04 – DG + LN II 
CD4/CD8 1 

n.d. 52 4 n.d. – 
L 4% 

05 – MV + TBNA III 
CD4/CD8 3,98 

n.d. 112,2 4,4 64 – 
L 46,5% 

06 – GM + LN II n.d. + 141,4 11 98 LN, bones 

07 – LM 
+ LN and 

TBNA 
II 

CD4/CD8 3,8 
n.d. 139 13 369,4 LN 

L 63% 

08 – VC n.d. II 
CD4/CD8 8,6 

n.d. 107 6,3 303,2 – 
L 53% 

09 – PP + LN II n.d. n.d. 91 7 268,9 LN 

10 – PA n.d. II n.d. + 60 4,8 52 – 

11 – DA + CNS 0 n.d. n.d. 156,6 3,9 109 – 

12 – PC - TBNA I 
CD4/CD8 2,17 

n.d. 91 6,2 352,5 – 
L 37% 

13 – TG n.d. III 
CD4/CD8 1,95 

- 102,9 4,8 133 – 
L 30% 

14 – CL + LN II 
CD4/CD8 3,55 

+ 79,5 7 43,3 LN 
L 2% 
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Pt Pathology 
Chest HRCT 

(Scadding 0-IV) 
BAL 

18F-FDG 
PET/CT 

Serum ACE 
(IU/l) 

Serum LSZ 
(mg/l) 

Serum CTO 
(nmol/ml/h) 

Extra-thoracic 
localizations 

15 – GP + LN II 
CD4/CD8 6,2 

n.d. 67 4,1 275,3 – 
L 23% 

16 – SP + LN I n.a. n.d. 64 5,2 91,6 LN 

17 – SM 
+ orbit and 

kidney 
II 

CD4/CD8 2,35 
+ 76,9 3,3 260 Orbit, kidney 

L 5% 

18 – AM + pleura II 
CD4/CD8 3,04 

n.d. 99 7,3 155 Skin 
L 15% 

19 – SP + TBNA II 
CD4/CD8 2,53 

+ n.m. 11 96,5 – 
L 49% 

20 – SD n.d. 0 
CD4/CD8 3,58 

- 66,9 3,8 60 – 
L 34% 

21 – MG + TBNA II n.a. - 43 6 99 – 

22 – MC +TBNA IV 
CD4/CD8 0,37 

+ 112,8 4,8 101 – 
L 63% 

Abbreviations: Pt = patient; HRCT = high-resolution computed tomography; BAL = bronchoalveolar lavage; 18F-FDG PET/CT = 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography; ACE = angiotensin-converting enzyme; LSZ = lysozyme; CTO = chitotriosidase; LN = lymph-nodes; 
TBNA = transbronchial needle aspiration; CNS = central nervous system; n.a. = not available; CD4/CD8 = CD4 lymphocytes / CD8 lymphocytes ratio; L = 
lymphocytes; n.d. = not done; n.m. = not measurable. 
Reference values: CD4/CD8 BAL: < 3,5; L BAL: < 20%; serum ACE: 30-80 IU/l; serum LSZ: < 8 mg/l; serum CTO: 20,4-51 nmol/ml/h. 
Abnormal values in bold. 
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Table 6. Neurologic involvement 

Pt Clinical presentation Localization MRI CSF analysis 

01 – DD 
Central 

panhypopituitarism 
Hypothalamus / 
pituitary gland 

T2-hyperintensity and Gd-enhancement of 
infundibular recess and pituitary gland and stalk 

n.d. 

02 – ME 

Right trigeminal 
neuralgia and 
tactile/painful 

hypoesthesia (I and II 
branches) 

Cranial nerve (V) 
T2-hyperintense and Gd-enhancing lesion in the 

right brainstem (medulla oblongata/pons) 
n.d. 

03 – VF Diabetes insipidus 
Hypothalamus / 
pituitary gland 

Thickening and T2-hyperintensity of pituitary stalk 
(Gd: n.d.) 

n.d. 

04 – DG 
Left eye visual loss, 

lipothymia 
Cranial nerve (II) 

T2-hyperintensity and enlargement of left optic 
nerve and papilla 

n.a. 

05 – MV 

Right blepharoptosis, 
diplopia, orbital pain, 

headache, complete III 
cranial nerve palsy 

Brain meninges 
Thickening, T2-hyperintensity and Gd-

enhancement of right cavernous sinus, superior 
orbital fissure and foramen ovale 

P 20 
mg/dl 

G 53 mg/dl 4 cells/mm3 

Alb 8,6 
mg/dl 

IgG 1 
mg/dl 

Alb 
index 
0,002 

IgG 
index 
0,71 

OCB - ACE 13,07 IU/l 

06 – GM 

Headache with visual 
blurring, nausea and 

speech arrest, 
postural unsteadiness, 

hyperprolactinemia 

Brain and spinal 
meninges and 
parenchyma, 

hypothalamus / 
pituitary gland 

Diffuse and T2-hyperintense lesions in the brain 
hemispheres, pons and pituitary stalk with nodular 

Gd-enhancement of brain leptomeninges, right 
statoacoustic nerve and ganglion, ependyma, and 

pituitary stalk; thickening and Gd- enhancement of 
spinal meninges at C1-D2 and D10-L1 levels, 

parenchymal nodules at D11-D12, D12-11 and L1 
levels and nodular enhancement of cauda equina 

roots 

P 251 
mg/dl 

G n.d. 3 cells/mm3 

Alb 149 
mg/dl 

IgG 52 
mg/dl 

Alb 
index 

0,0349 

IgG 
index 
0,85 

OCB + ACE 27,84 IU/l 
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Pt Clinical presentation Localization MRI CSF analysis 

07 – LM 

Diabetes insipidus, 
central 

hypothyroidism and 
hypogonadotropic 

hypogonadism 

Brain and spinal 
meninges, 

hypothalamus / 
pituitary gland 

Thickening, T2-hyperintensity and Gd-
enhancement of pituitary stalk and infundibular 

recess; Gd-enhancement of meninges in left frontal 
operculum, pontomedullary junction and medulla 

oblongata 

n.d. 

08 – VC 

Left arm paresthesia 
plus burning 

dysaesthesia in neck 
and left hemithorax 

Brain and spinal 
cord parenchyma 

Diffuse T2-hyperintense lesions in the right 
cerebellar hemisphere, biemispheric WM, pons, 

corpus callosum and hippocampus with Gd-
enhancement; multiple T2-hyperintense and Gd- 
enhancing lesions in the cervico-thoracic spinal 

cord  

P 31,6 
mg/dl 

G 60 mg/dl 1 cell/mm3 

Alb 22,8 
mg/dl 

IgG 6,7 
mg/dl 

Alb 
index 
0,006 

IgG 
index 
0,74 

OCB - S biomarkers: n.d. 

09 – PP 
Headache plus partial 

epileptic seizures 
(cacosmia, dysgraphia) 

Brain meninges 
and parenchyma 

Leptomeningeal and cortical T2-hyperintensity and 
Gd-enhancement in bilateral temporal lobes, left 

basal frontal lobe, bilateral sylvian cistern, left 
nucleobasal region and infundibular recess  

P 105 
mg/dl 

G 41 
mg/dl 

94 cells/mm3 
97% M, 3% PM 

Alb 75,5 
mg/dl 

IgG 17,3 
mg/dl 

Alb 
index 
0,015 

IgG 
index 
0,99 

OCB + S biomarkers: n.d. 

10 – PA Right eye visual loss Cranial nerve (II) 
Reduced caliber of right optic nerve sheath in 

intraorbital and prechiasmatic tract and of right 
optic chiasma with Gd-enhancement 

n.a. 

11 – DA 

Asymmetrical spastic 
paraplegia, lower 

limbs paresthesia and 
ataxia 

Spinal cord 
parenchyma 

Parenchymal T2 hyperintensity at C5-D2 levels with 
swelling and Gd-enhancement 

P 43 
mg/dl 

G 64 
mg/dl 

27 cells/mm3 
74% M, 26% PM 

Alb 31,3 
mg/dl 

IgG 3,7 
mg/dl 

Alb 
index 

0,0084 

IgG 
index 
0,52 

OCB - ACE 14,3 IU/l 



62 
 

Pt Clinical presentation Localization MRI CSF analysis 

12 – PC Right eye visual loss Cranial nerve (II) 
Thickening, T2-hyperintensity and Gd-

enhancement of prechiasmatic right optic nerve 
n.d. 

13 – TG 
Paroxysmal 

Dysarthria, ataxia, 
nystagmus 

Brain and spinal 
cord parenchyma 

Focal T2-hyperintense lesion with patchy Gd- 
enhancement in central midbrain; multiple T2- 

hyperintense nodules with patchy Gd-
enhancement at C2-C4, C6, D4, D8-D11 levels 

P 67,9 
mg/dl 

G 51 
mg/dl 

16 cells/mm3 
25% M, 75% PM 

Alb 49,2 
mg/dl 

IgG 5,8 
mg/dl 

Alb 
index 
0,011 

IgG 
index 
0,55 

OCB - 
ACE 12 

IU/l 
LSZ 0,8 

mg/l 

14 – CL 

Asymmetrical spastic 
paraplegia, headache, 

transient 
speech arrest 

Brain and spinal 
meninges, brain 

parenchyma 

Multiple T2-hyperintense lesions in the subcortical 
and paraventricular regions and in the pons and 

corpus callosum, micronodular Gd-enhancement of 
brain leptomeninges, infundibular recess, pituitary 

stalk, trigeminal and optic nerves; nodular Gd-
enhancement of cervico-dorso-lumbar spinal cord 

leptomeninges and cauda equina roots 

P 103,3 
mg/dl 

G 28 
mg/dl 

19 cells/mm3 
84% M, 16% PM 

Alb 65,4 
mg/dl 

IgG 20,4 
mg/dl 

Alb 
index 
0,015 

IgG 
index 
1,35 

OCB + 
(few in serum) 

ACE 
n.m. 

LSZ 5 
mg/l 

15 – GP 
Right arm weakness 

and pain 
Spinal cord 

parenchyma 

Parenchymal T2-hyperintensity from C2 to C7 with 
swelling of spinal cord from C3 to C7 and Gd-

enhancement from C3 to C5 

P 50,9 
mg/dl 

G 48 
mg/dl 

0 cells/mm3 

Alb 37 
mg/dl 

IgG 3,3 
mg/dl 

Alb 
index 

0,0081 

IgG 
index 
0,48 

OCB + 
(serum and CSF) 

S biomarkers: n.d. 
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Pt Clinical presentation Localization MRI CSF analysis 

16 – SP 

Behavioural changes, 
short-term memory 

impairment, complex 
visual hallucinations, 

postural unsteadiness 

Brain meninges, 
cerebrovascular 

Thickening and Gd-enhancement of the right 
temporal leptomeminges, focal right 

periventricular, peritrigonal and temporo-polar 
ischemic lesions with reduced blood flow in the 

M1-M2-M3 tracts of right MCA 

P 77,2 
mg/dl 

G 72 
mg/dl 

2 cells/mm3 

Alb 41,2 
mg/dl 

IgG 8,1 
mg/dl 

Alb 
index 
0,094 

IgG 
index 
0,52 

OCB - S biomarkers: n.d. 

17 – SM 

Right hypoacusia, 
vertigo, postural 

unsteadiness, 
headache, ataxia, low 

back pain 

Cauda equina 
roots 

“Ring” Gd-enhancement of the spinal conus and 
cauda equina roots 

P 257,3 
mg/dl 

G 41 
mg/dl 

81 cells/mm3 
97,5% M, 2,5% PM 

Alb 228 
mg/dl 

IgG 43,4 
mg/dl 

Alb 
index 
0,056 

IgG 
index 
0,96 

OCB 1+ 
ACE 3,2 

IU/l 
LSZ 7,1 

mg/l 

18 – AM 
Right “peripheral” 
facial nerve palsy 

Cranial nerve (VII) 

 
 
 

Normal 
 
 

 

n.d. 

19 – SP 

Mild asymmetrical 
spastic paraplegia, 

unsteadiness, 
unilateral sciatic pain, 

neurogenic bladder 

Spinal cord 
meninges 

Arachnoid-web in D4-D5 tract with focal contact 
between spinal cord and posterior wall of vertebral 
canal, angled shape and thinning of the spinal cord, 
centromedullar T2-hyperintense lesion without Gd-

enhancement 

P 25 
mg/dl 

G 63 
mg/dl 

2 cells/mm3 

Alb 18,1 
mg/dl 

IgG 1,9 
mg/dl 

Alb 
index 

0,0039 

IgG 
index 
0,57 

OCB - ACE 6,97 IU/l 
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Pt Clinical presentation Localization MRI CSF analysis 

20 – SD Headache, fever 
Brain meninges 

and parenchyma 

T2-hyperintensity of the left middle cerebellar 
peduncle, sigmoid sinus and cerebellar sulci with 
linear and nodular Gd-enhancement of cerebellar 

leptomeninges 

P 102,9 
mg/dl 

G 46 
mg/dl 

65 cells/mm3 
95% M, 5% PM 

Alb 89,2 
mg/dl 

IgG 17,1 
mg/dl 

Alb 
index 
0,018 

IgG 
index 
0,84 

OCB - 
ACE 
n.m. 

LSZ 1,3 
mg/dl 

21 – MG 
Isolated epileptic 

seizures 
Brain 

parenchyma 
Normal n.d. 

22 – MC 

Headache, visual 
blurring, postural 

unsteadiness, lower 
limb weakness 

Cerebrovascular 
Ischemic lesions in the left pons and 

pontomedullary junction, thalamus and right 
internal capsule, basilar artery occlusion 

P 519,9 
mg/dl 

G 15 
mg/dl 

118 cells/mm3 
97% M, 3% PM 

Alb 335 
mg/dl 

IgG 148 
mg/dl 

Alb 
index 
0,081 

IgG 
index 
1,72 

OCB + 
ACE 6,5 

IU/l 
LSZ 7 
mg/l 

Abbreviations: Pt = patient; MRI = magnetic resonance imaging; CSF = cerebro-spinal fluid; Gd = gadolinium; CRF = chronic renal failure; WM = white matter; 
MCA = middle cerebral artery; P = total proteins; G = glucose; M = mononuclear cells; PM = polymorphonuclear cells; Alb = albumin; OCB = oligoclonal 
bands; ACE = angiotensin-converting enzyme; LSZ = lysozyme; S = sarcoidosis; n.d. = not done; n.a. = not available; n.m. = not measurable. 
Reference values: CSF proteins: 20-45 mg/dl; CSF glucose: 40-70 mg/dl; CSF cells: < 10 cells/mm3; CSF albumin: 10-32 mg/dl; CSF IgG: 0-4 mg/dl; albumin 

index: < 0,0063; IgG index: < 0,71. 

Abnormal values in bold. 
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Table 7. Diagnostic classification, treatment and follow-up 

Pt Zajicek, 1999 WASOG, 2014 NCCG, 2018 Treatment Follow up Outcome 

01 – DD Probable Highly probable Probable Oral CS, AZA 297 mos Clinical stability, MRI improvement 

02 – ME Probable Highly probable Probable Oral CS 101 mos Clinical and MRI improvement 

03 – VF Probable Highly probable Probable Oral CS 189 mos Clinical recovery, MRI improvement 

04 – DG Probable At least probable Probable 
I.v. and oral CS, 

AZA, MTX 
89 mos Clinical and MRI improvement 

05 – MV Probable Highly probable Probable I.v. and oral CS 84 mos Clinical and MRI recovery 

06 – GM Probable Highly probable Probable I.v. and oral CS 14 mos Clinical recovery, MRI improvement 

07 – LM Probable Highly probable Probable Oral CS, MTX 85 mos 
Clinical stability, MRI recovery, 

CS side effects 

08 – VC Probable n.a. Possible 
I.v. and oral CS, 

CYC, MTX 
58 mos Clinical and MRI stability 

09 – PP Probable Highly probable Probable I.v. an oral CS 93 mos Clinical improvement, MRI recovery 

10 – PA Probable n.a. Possible Oral CS, AZA, MTX 46 mos 
Clinical and MRI stability, 

CS side effects 

11 – DA Definite Highly probable Definite – type b Oral CS, MTX 81 mos 
Clinical and MRI improvement, 

CS side effects 

12 – PC Probable n.a. Possible 
I.v. and oral CS, 

MTX 
38 mos Clinical stability, MRI improvement 

13 – TG Probable n.a. Possible I.v. and oral CS 49 mos Clinical recovery, MRI improvement 

14 – CL Probable Highly probable Probable 
I.v. and oral CS, 

MTX 
67 mos 

Clinical and MRI improvement, 
CS side effects 

15 – GP Probable Highly probable Probable 
I.v. and oral CS, 

MTX 
52 mos Clinical recovery, MRI improvement 

16 – SP Probable Highly probable Probable Oral CS, MTX 61 mos Clinical and MRI improvement 

17 – SM Probable Highly probable Probable Oral CS 12 mos 
Clinical and MRI improvement, 

CS side effects 

18 – AM Possible At least probable Probable Oral CS, MTX 12 mos Clinical recovery, MRI stability (normal) 
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Pt Zajicek, 1999 WASOG, 2014 NCCG, 2018 Treatment Follow up Outcome 

19 – SP Probable At least probable Probable MTX 47 mos Clinical improvement, MRI stability 

20 – SD Possible n.a. Possible 
I.v. and oral CS, 

(RTX) 
45 mos 

Clinical recovery, MRI improvement, 
relapse at CS decalage 

21 – MG Possible Possible Probable Oral CS 8 mos Clinical recovery, MRI stability (normal) 

22 – MC Probable Highly probable Probable Oral CS, MTX, RTX 10 mos Clinical improvement, MRI stability 

Abbreviations: Pt = patient; n.a. = not applicable (lack of histologic confirmation); I.v. = intravenous; CS = corticosteroids; AZA = azathioprine; MTX = 

methotrexate; CYC = cyclophosphamide; RTX = rituximab; mos = months; MRI = magnetic resonance imaging. 
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4.2 Results 

4.2.1 Demographics and clinical history 

Twenty-two patients met the inclusion criteria of the study. Data regarding 

demographics and relevant clinical history of the population are summarized in Table 4. 

The population included 13 males (59,1%) and 9 females (40,9%). Mean age at 

neurological onset was 45 years (range: 16-68). All patients were Caucasian except for 

patient n. 6 (Southern-American) and patient n. 7 (African). Interestingly, 9 patients 

(40,9%) had one or more immune-related comorbidities, notably allergic (drug allergies, 

bronchial asthma, allergic oculorhinitis), immune-mediated (GBS) or autoimmune 

(Sjögren syndrome, multiple sclerosis, psoriasis, IgA nephropathy).  

At neurological onset, only 9 patients (49,9%) had a previous diagnosis of extra-

neurologic sarcoidosis. In those patients, the mean interval between sarcoidosis 

diagnosis and occurrence of neurological symptoms was 67 months (range: 30-144). In 

the remaining 13 patients (59,1%) neurological symptoms were the first clinical 

manifestations of sarcoidosis. 

 

 4.2.2 Pulmonary and systemic sarcoidosis 

Data regarding pulmonary and systemic sarcoidosis involvement are summarized in 

Table 5. 

In 17 patients (77,3%), diagnosis of sarcoidosis was confirmed by pathological findings. 

In 4 patients biopsy was not performed and in one patient (n. 12) TBNA resulted 

negative for granulomatous inflammation, but chest imaging and laboratory findings 

allowed however to make the diagnosis. One patient (n. 11) underwent CNS biopsy, 

providing a diagnosis of definite neurosarcoidosis. The other pathological 

confirmations came from TBNA, lymph node, kidney, orbital and pleural biopsies. 

Chest HRCT was performed in all patients and presented abnormalities consistent with 

sarcoidosis in 20 out of 22 patients (90,9%). Scadding radiologic stage consisted of 

stage I in 3 patients (13,6%), stage II in 13 patients (59,1%), stage III in 3 patients 

(13,6%) and stage IV in 1 patient (4,5%). The 2 patients with negative HRCT (stage 0) 

were diagnosed with isolated neurosarcoidosis (9,1%). 

Bronchoalveolar lavage data were available for 14 patients and 10 of them (71,4%) 

showed alterations consistent with sarcoidosis, specifically CD4/CD8 ratio > 3,5 in 6 

patients (42,8%) and lymphocytes percentage > 20% in 9 patients (64,2%). 
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Only 9 patients underwent a total body 18F-FDG PET/CT scan. Among them, 6 patients 

(66,7%) presented abnormalities suggestive for sarcoidosis, and in 1 patient (n. 10) such 

finding was crucial for a diagnosis of sarcoidosis. 

Serum ACE and LSZ were assessed in all patients, resulting increased only in 10 

(45,5%) and 4 (18,2%) patients, respectively. Serum CTO was assessed in 20 patients 

and was increased in all patients but one (95%). 

Eight patients (36,4%) presented also one or more extra-pulmonary localization of 

sarcoidosis, specifically extra-thoracic lymph nodes, skin, bones, kidney, orbit and 

skeletal muscle. 

 

 4.2.3 Neurologic involvement 

Neurological symptoms, localization of lesions in CNS and MRI and CSF findings are 

reported in Table 6. 

The most frequent CNS localization was meningeal, found in 8 patients (36,4%) and 

involving only cranial meninges in 4, only spinal meninges in 1 and both cranial and 

spinal meninges in 3. The other localizations, sorted by frequency, were brain 

parenchyma in 7 patients (31,8%), spinal cord in 6 patients (27,3%) (specifically 5 

patients with parenchymal involvement and 1 patient with involvement of cauda equina 

roots), cranial nerves in 5 patients (22,7%) (specifically II cranial nerve in 3 patients, 

VII cranial nerve in 1 patient and V cranial nerve in 1 patient), hypothalamus and 

pituitary gland in 4 patients (18,2%) and cerebrovascular involvement in 2 patients 

(9,1%). Eight patients (36,4%) presented more than one concomitant CNS localization. 

 

Patient n. 13 presented with peculiar symptoms, deserving a detailed description. He 

suffered from three months of multiple daily brief and sudden episodes of cerebellar 

dysarthria and bilateral gait and limbs ataxia with frequent falls, without clear triggers 

and lasting a few dozens of seconds. His neurologic examination out of the paroxysmal 

episodes was unremarkable except for a multi-directional gaze-evoked nystagmus. His 

brain and spinal MRI examinations revealed non-homogeneously gadolinium-enhancing 

lesions, one in central midbrain and multiple in cervical and thoracic spinal cord 

cordonal white matter, none of which longer than two vertebral bodies (Figure 9 A-D). 

Brain 18F-FDG PET/CT scan showed brainstem and right posterior parietal lobe 

hypometabolism (Figure 9 E). This complex clinical and imaging picture has been 

previously reported as paroxysmal dysarthria-ataxia, first described by Harry Lee 
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Parker in 1946 (Parker, 1946) and later reported as rare presentation of demyelinating 

diseases (mainly multiple sclerosis but also neuro-Behçet, systemic lupus 

erythematosus, Bickerstaff’s encephalitis) or occasionally in mesencephalic stroke 

(Osterman, 1975; Piffer, 2014; Akman-Demir,1995; Matsui, 2004). To our knowledge, 

this presentation has never been previously reported in neurosarcoidosis. This syndrome 

is a manifestation of mesencephalic dysfunction, and its pathogenesis is probably due to 

ephaptic transverse activation of partially demyelinated axons interrupting cerebello-

thalamo-cortical pathways. The right posterior parietal lobe hypometabolism on brain 

18F-FDG PET/CT scan, namely parietal diaschisis, is similar to the left parietal lobe 

hypoperfusion described with single-photon emission computerized tomography 

(SPECT) imaging of a patient presenting with paroxysmal dysarthria-ataxia due to 

mesencephalic ischemic stroke (Matsui, 2004). The proposed explanation of this finding 

is that mesencephalic ephapsis, by interrupting cerebello-thalamo-cortical pathway, 

causes a reduction in parietal cortex activation by cerebellar projections, consequently 

causing hypometabolism and hypoperfusion. The patient underwent symptomatic 

treatment with oral oxcarbazepine, with rapid and complete remission of paroxysmal 

episodes, and immune-modulating treatment with intravenous and oral corticosteroids, 

with clear improvement of MRI findings.  

 

Figure 9. Patient n. 13, MRI and 
brain 18F-FDG PET/CT findings 
A. Brain MRI: FLAIR sequence 
B. Brain MRI: T1-Gd sequence 
C. Spinal cord MRI: T2-weighted 
sequence 
D. Spinal cord MRI: T1-Gd sequence 

E. Brain 18F-FDG PET/CT 
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Brain and/or spinal cord MRI were performed in all patients, showing abnormal 

findings in 20 out of 22 (90,9%) and gadolinium-enhancing lesions in 16 out of 20 

(80%). In one patient (n. 3) gadolinium was not administered due to concomitant 

chronic renal failure. The two patients with negative MRI presented, respectively, with 

isolated facial nerve palsy (n. 18) and isolated seizures (n. 21). Examples of MRI 

findings are reported in Figure 10. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. MRI findings in patients from our cohort 
A. Patient n. 9, brain parenchyma involvement (T1-Gd); B. Patient  
n. 11, spinal cord involvement (T1-Gd); C. Patient n. 7, hypothalamus /  
pituitary gland involvement (T1-Gd); D. Patient n. 5, brain meninges 
Involvement (T1-Gd); E. Patient n. 2, V cranial nerve involvement (T1-Gd); F: Patient n. 16, 
cerebrovascular involvement (DWI). 

 

Lumbar puncture was performed in 15 patients, but data regarding CSF analysis were 

available only for 13 patients. CSF analysis showed at least one abnormal finding in 11 

patients (84,6%). Specifically, increased proteins were found in 9 patients (69,2%), 

increased cells in 7 patients (53,8%) with clear lymphocytic predominance in all but 

one, increased albumin in 9 patients (69,2%), increased IgG in 9 patients (69,2%), 

increased albumin index in 10 patients (76,9%) and increased IgG index in 7 patients 

(53,8%). Multiple oligoclonal bands were found in 5 patients (38,5%), and in 2 of them 

also in the serum. 

A B C 

F 

D E 
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CSF ACE was analyzed in 9 patients, resulting not measurable in 2 of them and giving 

results between 3,2 IU/l and 27,8 IU/l in the other 7 patients. CSF LSZ was analyzed in 

4 patients, with measured values between 0,8 mg/l and 7,1 mg/l. 

 

 4.2.4 Diagnostic classification 

Classifications of patients according to different proposed criteria are reported in Table 

7. 

Applying Zajicek’s criteria (with subsequent modifications), 1 patient was classified as 

definite (4,5%), 18 patients were classified as probable (81,8%) and 3 patients were 

classified as possible (13,6%). 

WASOG 2014 criteria, requiring pathological evidence of granulomatous inflammation 

in at least one “other” organ, were applicable only for 17 patients, because 5 patients 

lacked that condition. Among these 17 patients, 13 were classified as highly probable 

(76,5%), 3 were classified as at least probable (17,6%) and 1 was classified as possible 

(5,9%). 

Applying NCCG criteria, 1 patient was classified as definite (type b) (4,5%), 16 patients 

were classified as probable (72,2%) and 5 patients were classified as possible (22,7%). 

 

 4.2.5 Treatment and follow-up 

Treatment ad follow-up information are summarized in Table 7. 

All patients except for one were treated with corticosteroids (95,4%), and 10 out of 21 

(47,6%) were treated with high dose intravenous corticosteroids due to their severe 

presentation. 13 out of 21 patients (59,1%) required a second-line immunosuppressive 

therapy. First-choice agent was MTX in 8 patients, AZA in 3 patients and CYC in 1 

patient; one of the MTX-treated patients switched to RTX due to inefficacy, while 2 of 

the AZA-treated patients switched to MTX due to gastrointestinal side effects; the 

CYC-treated patient switched to MTX due to poor extra-neurologic response to 

treatment. One patient did not undergo corticosteroid treatment due to morbid obesity 

and was treated with MTX as fist line. 

Mean follow-up duration was 70 months (range: 8-297). From a clinical point of view, 

8 patients (36,4%) experienced complete clinical recovery, 9 patients (40,9%) showed 

clinical improvement and 5 patients (22,7%) remained stable. From a radiologic point 

of view, MRI findings completely recovered in 3 patients (13,6%), improved in 13 

patients (59,1%) and remained unchanged in 6 patients (27,3%) (2 of them having 

D 
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negative MRI at presentation). Patient n. 20, after a complete clinical recovery and 

improvement of MRI findings with oral corticosteroids, experienced a clinical and 

radiological relapse during corticosteroid decalage, therefore is going to be treated with 

RTX as second-line therapy. 

Five patients out of 21 presented side effects related to corticosteroid treatment, 

specifically osteoporosis in 4 patients with vertebral fractures in 3 and femoral head 

osteonecrosis in 1, alopecia and fluid retention in 1 patient. 

 

4.3 Discussion 

Although an analysis of incidence and prevalence of neurosarcoidosis in our region falls 

beyond the scope of this study, the 22 included subjects represent approximately 4,4% 

of all newly diagnosed sarcoidosis patients from Sarcoidosis Regional Referral Center 

during the analyzed timeframe. This value is in line with the majority of the cohorts of 

clinically evident neurosarcoidosis reported in the literature (Dorman, 2019; Ramos-

Casals 2021; Ungprasert, 2016a). 

A relevant metanalysis (Fritz, 2016) reviewed neurosarcoidosis cohorts published 

between 1965 and 2015 and identified 29 studies, with samples ranging from 5 to 305 

patients (median: 27). Among them, nearly 50% (14 out of 29) included less than 22 

patients. Moreover, most of these studies included both central and 

peripheral/neuromuscular neurosarcoidosis and clinical data regarding single patients 

were often poorly detailed. More recently, few larger cohorts have been published 

(Leonhard, 2016; Dorman, 2019; Lord, 2020; Mani, 2020; Ramos-Casals, 2021), 

mainly resulting from multicenter studies or big and nation-wide reference centers. 

However, the detailed clinical data and the wide spectrum of clinical presentation of 

patients recruited in the present cohort allows us to express some new insights about 

some of the most debated issues regarding the disease. 

 

First of all, a comment regarding the three currently proposed sets of diagnostic criteria 

seems appropriate. 

Zajicek’s 1999 criteria with subsequent modifications (Zajicek, 1999; Marangoni, 2006; 

Tavee, 2014) do not set limits to possible clinical presentations of neurosarcoidosis, 

taking in account also the great potential heterogeneity of the systemic disease. Indeed, 

these criteria do not describe or enumerate clinical syndromes which are included or 
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excluded by the criteria themselves, allowing the broadest possible applicability of the 

set. Moreover, the two conditions required for a probable neurosarcoidosis diagnosis 

focus the attention on the two main targets of the diagnostic process: confirming a 

neuro-inflammatory basis of the neurologic disease and investigating systemic 

sarcoidosis. 

However, getting into details, some flaws can be detected. Indeed, concerning the 

demonstration of inflammation in CNS, it should be considered that CSF analysis is 

often not performed, especially in patients with milder presentations, including isolated 

seizures or single cranial nerve palsies, or in patients with isolated neuro-endocrine 

dysfunction (see, in our cohort, patients n. 01, 02, 03, 07, 12, 18, 21). On the other hand, 

some routinely performed biomarkers of systemic sarcoidosis are not considered in the 

criteria. For example, neither increased lymphocytes percentage in BAL nor serum CTO 

are included. Particularly, serum CTO has showed higher sensitivity and specificity in 

differentiating sarcoidosis from other diseases compared to other known biomarkers, 

and seemed to correlate with extrapulmonary involvement (Bargagli, 2013; Bergantini, 

2019). For instance, patient n. 20 was classified only as possible neurosarcoidosis 

according to Zajicek’s criteria; instead, if those criteria included serum CTO among 

indirect indicators of systemic sarcoidosis, this patient would be classified as probable 

neurosarcoidosis. 

Another issue which remains unclear in these criteria is PNS and skeletal muscle 

involvement. Zajicek’s criteria, indeed, seem not to consider neuromuscular 

manifestations as “neurosarcoidosis”, and however, the items required for at least a 

probable diagnosis are completely unsuited to evaluate peripheral nerves or skeletal 

muscle involvement. 

By the way, the major limitation of Zajicek’s criteria is probably relative to definite 

diagnosis, which necessarily requires a positive CNS pathology. This approach, which 

aims to reach the highest possible diagnostic accuracy and is certainly effective when 

applied to other organs, is less likely applicable in CNS, due to its extreme invasiveness. 

Indeed, in clinical practice the feasibility of a cerebral, spinal or meningeal biopsy is 

hardly ever evaluated and it may be taken into account in cases with very complex 

differential diagnosis or severe presentations, threatening patient’s life or autonomies 

and however after careful evaluation of the procedure’s risks. The present cohort is also 

an example of this criticism: the unique patient with a definite diagnosis (n. 11) 

underwent CNS biopsy only because his spinal lesion was suspected to be 
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lymphomatous or neoplastic, and not with the intention to rule out neurosarcoidosis. 

An improvement regarding this criticism was achieved with 2014 WASOG criteria 

(Judson, 2014). These criteria, although renaming the highest level of diagnostic 

accuracy from definite to highly probable, allowed the attribution of this definition also 

to patients who did not undergo CNS biopsy but fulfilled two other criteria: a clinical 

syndrome consistent with granulomatous inflammation of some part of the nervous 

system together with the demonstration of CNS inflammation, intended as CSF 

abnormalities or gadolinium enhancement on MRI. 

By contrast, these criteria require positive pathological findings from at least one more 

organ as a precondition, not allowing any surrogate biomarker. This requirement limits 

their applicability, excluding all patients diagnosed with sarcoidosis due to a highly 

specific clinical presentation associated to other suggestive laboratory and radiologic 

findings, but who did not undergo any organ biopsy, as often happens in clinical 

practice and also as stated in the most recent consensus papers (Crouser, 2020; Thillai, 

2021). Indeed, in our cohort these criteria were applicable only in 17 of 22 patients. 

Moreover, few clinical presentations included in WASOG criteria require a more critical 

evaluation. For example, isolated facial nerve palsy with negative MRI in a sarcoidosis 

patient may represent a simple casual association between systemic sarcoidosis and 

Bell’s idiopathic palsy and not necessarily a probable neurosarcoidosis. Equally, 

isolated seizures or cognitive decline, both with normal or irrelevant MRI, should not be 

satisfactory to define a possible neurosarcoidosis, due to the high incidence of these 

common neurological manifestations also in general population. 

NCCG’s 2018 criteria (Stern, 2018) share some limitations with both previous sets. 

Mainly, they are strictly dependent on pathologic confirmation, both for a definite 

neurosarcoidosis diagnosis, which requires CNS biopsy as in Zajicek’s criteria, and for 

systemic sarcoidosis confirmation, which requires pathologic confirmation of systemic 

granulomatous disease to define probable neurosarcoidosis and does not consider any 

surrogate biomarker, as WASOG’s criteria do. 

On the other hand, NCCG’s criteria expand the spectrum of applicability, since they 

include EMG/NCS findings together with CSF and MRI findings to define neurological 

manifestations, thus allowing to consider also PNS and skeletal muscle involvement. 

Moreover, in Stern and colleagues paper, the authors underline two essential concepts to 

keep in mind when diagnosing neurosarcoidosis: first, the need to rigorously exclude 

other possible causes, which are extensively mentioned in supplementary material 
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together with proper diagnostic tests; second, the fact that even pathological evidence of 

granulomatous inflammation cannot be considered as a 100% certainty of the diagnosis, 

recommending that each patient included in any of the diagnostic categories should be 

constantly re-evaluated on the basis of clinical course and responsiveness to treatment. 

However, some critical diagnostic issues remain unsolved by all proposed criteria. 

Above all, isolated neurosarcoidosis demonstration represents the main challenge, due 

to the absence of any extra-neurologic finding which makes the application of all 

criteria virtually impossible, unless a CNS biopsy is performed, with all the already 

mentioned issues that such procedure implies. The two patients with isolated 

neurosarcoidosis from our cohort are illustrative of this issue: one patient (n. 11) reaches 

the highest degree of diagnostic accuracy in all sets of criteria only because spinal cord 

biopsy was performed upon suspicion of malignancy, while the second patient (n. 20), 

who did not undergo CNS biopsy due to only mild symptoms, cannot be recognized 

with WASOG’s criteria and reaches a possible diagnosis with the other two sets. 

An indicator which could be useful for the diagnosis of neurosarcoidosis, although 

currently not considered by all proposed criteria, is response to treatment. Sarcoid 

lesions, both in CNS and other organs, present an excellent response to corticosteroid 

treatment, provided that the dosage is adequate. The features of this response are 

typical, with rapid and sustained therapeutic response which is both clinically and 

radiologically detectable. MRI findings, indeed, often show not only the disappearance 

of gadolinium enhancement, but also the reduction or disappearance of all radiologic 

abnormalities after appropriate corticosteroid treatment. 

 

Some considerations should also be made regarding few possible differential diagnoses 

of neurosarcoidosis, which represent the most challenging questions for the clinicians. 

CNS localizations of lymphomas are one of the most complex diseases to differentiate 

from neurosarcoidosis. These two conditions may share the same clinical, MRI and CSF 

findings (unless atypical cells are found in CSF, which however happens only in a 

minority of patients with CNS lymphoma). In this regard, it should also be considered 

that ACE, LSZ and sIL-2R have also been found in the CSF of cerebral lymphomas 

(Oksanen, 1985; Oberg, 1987; Otto, 2020) and that even whole-body imaging studies 

can be useless for differential diagnosis. In fact, CT images of multiple 

lymphadenopathies and/or pulmonary infiltrates, or hypermetabolic lesions on 18F-FDG 

PET/CT scan are both still consistent with either disease. Even therapeutic response to 



76 
 

corticosteroid treatment can be partly misleading because lymphomas often present an 

initial clinical and radiologic response to corticosteroids, although always showing early 

relapses after the improvement and a progressive loss of efficacy over time. Two 

patients from the present cohort were strongly suspected to have lymphomas: patient n. 

9, who presented pulmonary infiltrates and multiple lymphadenopathies in the neck, 

chest and abdomen in addition to CNS lesions, and patient n. 11, who had an isolated 

spinal cord lesion which decreased in volume after corticosteroid treatment end relapsed 

after corticosteroid withdrawal. Both patients were finally diagnosed though lesion 

biopsy. 

Multiple sclerosis is another complex differential diagnosis, mostly in isolated 

neurosarcoidosis involving brain and spinal cord parenchyma, which can mimic clinical 

presentation, neuroimaging and course of this demyelinating disease (MacLean, 2015). 

However, as already mentioned, few clinical features and MRI findings can guide the 

diagnosis: the coexistence of parenchymal lesions with meningeal involvement strongly 

suggest neurosarcoidosis, while their association with the involvement of retrobulbar 

optic tract leads towards multiple sclerosis. CSF analysis can also be unremarkable, 

because typical multiple sclerosis abnormalities (i.e., increased IgG-index and presence 

of oligoclonal bands) can sometimes be seen also in neurosarcoidosis. On the other 

hand, CSF pleocytosis, absence of oligoclonal bands or their presence both in CSF and 

serum suggest neurosarcoidosis rather than multiple sclerosis. It should also be 

reminded that, although extremely rare, an association of the two diseases is possible, 

not only in patients with multiple sclerosis and extra-neurologic sarcoidosis, but also in 

exceptional cases presenting both neurosarcoidosis and multiple sclerosis, as seen in 

patient n. 14 from our cohort. 

Meningeal presentations, especially when confined to pachymeninges, may be difficult 

to distinguish from chronic idiopathic pachymeniningitis and mostly from IgG4-RD. 

This immune-mediated disease should always be considered in differential diagnosis, 

especially due to its possible multi-system presentation, which can involve different 

organs including lungs and lymph nodes and can consequently mimic multi-organ 

sarcoidosis (Wallace, 2020; Bateman, 2015). 

By contrast, the detection of small-sized T2-hyperintense NEWM lesions as an isolated 

finding in a sarcoidosis patient under evaluation for the suspect of neurosarcoidosis, 

especially when pauci-symptomatic, should not raise excessive concern. NEWM lesions 

are indeed described in sarcoidosis patients (Bathla, 2020), but they are usually 
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asymptomatic, lacking signs of a clear inflammatory pathogenesis and not improving 

after therapy (Bathla, 2016). On the other hand, signs of vascular involvement in brain 

MRI, such as perivascular enhancement, dilatation or tortuosity of lenticulostriate 

perforators and/or medullary veins, microhemorrhages or chronic infarcts should raise 

the suspect of neurosarcoidosis (Bathla, 2021). 

 

In conclusion, it is possible to say that CNS manifestations of sarcoidosis are well 

known and extensively detailed, allowing a relatively feasible diagnosis in patients with 

already known pulmonary or systemic sarcoidosis. The real challenge, however, 

remains the diagnosis of patients who present neurologic symptoms at the onset of the 

disease or as isolated localization. Our cohort demonstrates that these two conditions 

may together occur in more than half of neurosarcoidosis patients.  

Neurosarcoidosis should be taken into account in each patient presenting acute-subacute 

and complex neurological symptoms, together with inflammatory signs on radiologic 

exams and CSF analysis, without specific findings leading to a determined neurological 

disease. 

First line of investigations, when suspecting neurosarcoidosis, should include serum 

sarcoidosis biomarkers testing, chest HRCT scan, and analysis of lymphocytes 

subpopulation in serum and BAL. Systemic sarcoidosis should also be investigated with 

a whole-body 18F-FDG PET/CT scan, also for the purpose of revealing extra-neurologic 

lesions eligible for biopsy. Anyway, isolated presentations of neurosarcoidosis may still 

be missed by this approach. Hereby, besides the evaluation of the response to treatment, 

attention should be paid to the potential diagnostic role of putative CSF biomarker, 

which will be further addressed in the next chapter together with the first investigation 

in neurosarcoidosis patients of two more recent sarcoidosis biomarkers, namely CTO 

and KL-6. 

 

Currently, there are no defined guidelines for neurosarcoidosis therapy, and although the 

treatment is based on the same groups of drugs used in systemic sarcoidosis, available 

evidence shows that a more aggressive approach, with higher dosages and longer 

treatments is required in these patients (Ungprasert, 2017). In the present cohort, nearly 

60% of patients have been treated at first with intravenous corticosteroids due to their 

severe presentation, and oral corticosteroid treatment was carried on for more than a 

year in the majority of them. Moreover, nearly 60% of patients required a second-line 
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immunosuppressive therapy, due to inadequate response to corticosteroids, relapses 

during corticosteroid reduction or unacceptable corticosteroids side effects. As reported 

in the literature (Fritz, 2016), the most used second-line agent was MTX, which was 

effective in all but one treated patients. Patient n. 22, in fact, had a severe and refractory 

cerebrovascular presentation with recurrent ischemic episodes, which finally responded 

to RTX treatment. Similarly, patient n. 20, after complete clinical recovery and MRI 

findings improvement during oral corticosteroid treatment, experienced a clinical and 

radiological relapse during dose-reduction, and therefore we decided to use RTX as a 

second-line therapy. None of the patients from the current cohort presented relevant side 

effects due to MTX, confirming its positive safety profile (Ungprasert, 2017). On the 

other hand, two out of three patients treated with AZA as second-line therapy reported 

gastrointestinal side effects, and therefore switched to MTX. Due to the complexity of 

the management of such patients, cooperation between neurologist and pneumologist is 

essential also during follow-up, in order to prevent both systemic and neurologic 

relapses. 

Limitations of the present study include the retrospective nature of the sampling, the 

monocentric design of the study and the relatively small size of the population due to 

the rarity of the disease. 
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CHAPTER 5: SERUM AND CSF BIOMARKERS IN CNS 

NEUROSARCOIDOSIS 

 

5.1 Introduction 

As already anticipated in previous chapters, the importance of serum and CSF 

biomarkers in the diagnosis of sarcoidosis and neurosarcoidosis is debated. 

Established serum biomarkers of sarcoidosis, such as ACE, LSZ and sIL-2R, 

demonstrated a wide variability in sensitivity and specificity across different studies 

and, most of all, have been found increased in several other pathological conditions. On 

the other hand, more recently studied serum biomarkers, namely CTO and KL-6, seem 

promising, the former showing higher sensitivity and specificity in differentiating 

sarcoidosis from other diseases compared to other established biomarkers, the latter 

showing a close correlation with radiological and laboratory markers of pulmonary 

involvement (see chapter 1.4 for a detailed review of available literature). 

Regarding CSF findings in neurosarcoidosis, apart from routine analysis demonstrating 

inflammatory alterations (Pawate, 2009; Leonhard, 2016), specific sarcoidosis 

biomarkers have been investigated in several studies, with contradictory results. 

CSF ACE was the most studied. Two large retrospective studies found low sensitivity 

(24-55%) but high specificity (94-95%), with remarkably elevated CSF ACE 

concentrations mostly in patients with widespread parenchymal and leptomeningeal 

involvement (Dale, 1999; Tahmoush, 2002). Another study showed elevated CSF ACE 

concentrations in 20 out of 24 patients, with poor correlation between serum and CSF 

values, suggesting that CSF ACE may be intrathecally synthesized and not passively 

transferred from the serum (Pawate, 2009). On the other hand, more recent results have 

been discouraging: Bridel et al. only recorded sensitivity and specificity around 65% for 

CSF ACE concentrations  3 U/l (Bridel, 2015), while none of another cohort of 27 

neurosarcoidosis patients tested positive for CSF ACE (Arun, 2020). Moreover, 

increased concentrations of CSF ACE have also been reported in other conditions, 

including multiple sclerosis, Alzheimer disease, schizophrenia and CNS malignancies 

(Kawajiri, 2009; Miners, 2009; Wahlbeck, 2000; Oksanen, 1985). 

A few studies investigated sIL-2R in CSF, suggesting that elevated concentrations of 

this biomarker can effectively distinguish neurosaroidosis patients from other 
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neurologic inflammatory conditions such as multiple sclerosis, CNS vasculitis and 

Guillain-Barré syndrome (Petereit, 2010; Otto, 2020). The authors themselves, 

however, underline that equally elevated levels were also found in other conditions, 

such as viral/bacterial meningitis, CNS lymphoma and neurotuberculosis, limiting the 

differential diagnostic potential of this biomarker. Another study showed elevated sIL2-

R CSF concentrations in 3 out of 6 patients with clinically isolated neurosarcoidosis 

(Wegener, 2015). 

CSF lymphocyte subpopulations have been studied, with particular interest towards 

CD4/CD8 ratio. An increase of CSF CD4/CD8 ratio has been occasionally reported, in 

line with other organ-specific sarcoidosis involvement and also in comparison to 

multiple sclerosis and other neurological disorders (Stern, 1987; Chazal, 2019; 

Nordstrom, 2020) 

A CD4/CD8 ratio >5 has even been proposed as an addition to Zajicek’s criteria 

(Marangoni, 2006). However, the low CSF cell count often found in neurosarcoidosis 

patients can significantly limit the reliability of this value. 

A recent study investigated putative CSF biomarkers of neurosarcoidosis by proteomic 

analysis, finding an increase of low molecular weight kininogen, vitamin D-binding 

protein and fibrinogen-beta chain and a reduction of transthyretin compared to healthy 

subjects (Taibi, 2017). In another study, serum and CSF neurofilament light chain levels 

were measured, comparing neurosarcoidosis patients with extra-neurologic patients and 

healthy controls. Significantly higher levels were found in neurosarcoidosis patients, 

which correlated with the extent of inflammation on MRI (Byg, 2020). 

Older studies also reported elevated CSF levels of lysozyme and β2-microglobulin, but 

available evidence are inadequate to evaluate their sensitivity and specificity (Oksanen, 

1986a). 

To our knowledge, CTO and KL-6 were instead never systematically investigated in 

neurosarcoidosis patient. 

Therefore, we decided to analyze several potential sarcoidosis biomarkers, namely 

ACE, CTO and KL-6, in serum and CSF samples from our cohort of CNS 

neurosarcoidosis patients. 
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5.2 Materials and methods 

From the cohort of CNS neurosarcoidosis (NS) patients described in chapter 4, we 

retrospectively enrolled patients for whom samples of serum and CSF had been 

simultaneously collected and stored at -20°C and were available for further analysis. 

Moreover, we reviewed medical records of patients followed by Neurology and Clinical 

Neurophysiology Unit of Siena University Hospital, to enroll analogous CSF and serum 

samples from two control groups. We decided to select as control groups Multiple 

Sclerosis (MS) patients, as an example of an inflammatory CNS disease and a potential 

differential diagnosis of neurosarcoidosis (see chapter 2), and Amyotrophic Lateral 

Sclerosis (ALS) patients, as an example of a neurodegenerative disease. Unfortunately, 

serum from ALS patients was not available. Serum samples from healthy controls were 

also included as additional control group. The four groups were matched for sex and 

age. All CSF samples were collected during routine lumbar puncture performed for 

diagnostic purposes, before treatment with steroids, other immunosuppressants or 

immunomodulators. All patients were carefully evaluated to exclude comorbidities that 

could significantly affect biomarker detection. Demographic and clinical data, including 

comorbidities, family history, lung function parameters, radiological features and 

routine CSF analysis were obtained from medical records and entered into an electronic 

database for statistical analysis. All patients gave their written informed consent to 

participate in the study and for the use of their data and biological material, which was 

approved by our local ethics committee (CEAVSE 18712; Markerlung 17431). 

- ACE activity was measured using a colorimetric method (FAR srl, Verona, Italy), 

for determination of ACE activity in serum and CSF. The normal range of serum 

ACE concentrations was 30-80 IU/l. 

- CTO activity was determined by a fluorimetric method using 22 μM 4-

methylumbelliferyl β-D-N,N′,N″-triacetylchitotriosidase (Sigma Chemical Co.) in 

citrate-phosphate buffer, pH 5.2; 100 μl substrate was incubated for 1 h at 37°C and 

the reaction was stopped with 1.4 ml 0.1 M glycine-NaOH buffer, pH 10.8. 

Fluorescence was read at 450 nm with a PerkinElmer Victor X4 fluorimeter 

(excitation wavelength 365 nm). Serum and CSF activity of CTO was expressed in 

nmol/ml/h. 

- Serum and CSF samples from all patients were assayed for KL-6 concentrations by 

KL-6 reagent assay (Fujirebio Europe, Gand, Belgium). The principle of the assay is 
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agglutination of sialylated carbohydrate antigen in samples with KL-6 mAb by 

antigen–antibody reaction. The change in absorbance was measured to determine 

KL-6 levels. Serum concentrations of KL-6 were expressed in U/ml. 

Data are presented as mean ± standard deviation and median and interquartile range 

(IQR). The Chi-squared test was used for categorical variables, as appropriate. Non-

parametric one-way analysis of variance (Kruskal-Wallis test) and Dunn test were 

performed for multiple comparisons. Between-group comparisons were performed 

through non-parametric Mann-Whitney test. The Spearman test was used to look for 

correlations. A p-value less than 0.05 was considered statistically significant. Statistical 

analysis was performed by GraphPad Prism 9.3 software.
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Table 8. Demographic, clinical, functional and radiologic characteristics of NS patients 

Abbreviations: Pt = patient; S = sarcoidosis; HRCT = high-resolution computed tomography; DLCO = diffusing lung capacity for carbon monoxide; CNS = 

central nervous system; NS = neurosarcoidosis; n.a. = not available; LN = lymph-nodes. 

Reference values: DLCO: > 80%. 

Abnormal values in bold. 

Pt Sex/Age Previous S 
Chest HRCT 

(Scadding 0-IV) 
DLCO (%) 

Extra-thoracic 
localizations 

CNS localization 
NS diagnosis 
(NCCG, 2018) 

I (05 - MV) F/16 No III 57 – Brain meninges Probable 

II (06 – GM) F/46 No II n.a. LN, bones 
Brain and spinal cord meninges and 

parenchyma, hypothalamus / 
pituitary gland 

Probable 

III (11 - DA) M/61 No 0 n.a. – Spinal cord parenchyma Definite (type b) 

IV (13 - TG) M/53 No III 95 – Brain and spinal cord parenchyma Possible 

V (14 - CL) F/58 No II 56,5 LN 
Brain and spinal meninges, brain 

parenchyma 
Probable 

VI (17 - SM) F/51 Yes II 65 Orbit, kidney Cauda equina roots Probable 

VII (19 - SP) M/47 Yes II n.a. – Spinal cord meninges Probable 

VIII (20 - SD) M/31 No 0 n.a. – Brain meninges and parenchyma Possible 

IX (22 - MC) M/53 Yes IV 52 – Cerebrovascular Probable 
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Table 9. Serum and CSF laboratory findings in NS patient 

Abbreviations: Pt = patient; ACE = angiotensin-converting enzyme; CTO = chitotriosidase; KL-6 = Krebs von den Lungen-6; CSF = cerebrospinal fluid; P = total 

proteins; Alb = albumin; OCB = oligoclonal bands; n.m. = not measurable. 

Reference values: serum ACE: 30-80 IU/l; serum CTO: 20,4-51 nmol/ml/h; serum KL-6: < 465 U/ml; CSF proteins: 20-45 mg/dl; CSF albumin: 10-32 mg/dl; CSF 

IgG: 0-4 mg/dl; CSF cells: < 10 cells/mm3; albumin index: < 0,0063; IgG index: < 0,71. 

Abnormal values in bold. 

  

Pt 
Serum 

ACE 
(IU/l) 

Serum CTO 
(nmol/ml/h) 

Serum 
KL-6 

(U/ml) 

CSF P 
(mg/dl) 

CSF Alb 
(mg/dl) 

CSF IgG 
(mg/dl) 

CSF 
cells/mm3 

Alb 
index 

IgG 
index 

CSF 
OCB 

CSF 
ACE 

(IU/l) 

CSF CTO 
(nmol/ml/h) 

CSF 
KL-6 

(U/ml) 

I (05 - MV) 112,2 64 348 20 8,6 1 4 0,002 0,71 - 13,07 n.m. n.m. 

II (06 – GM) 141,4 98 324 251 149 52 3 0,349 0,85 + 27,84 2,65 7 

III (11 - DA) 156,6 109 408 43 31,3 3,7 27 0,0084 0,52 - 14,3 n.m. 2 

IV (13 - TG) 102,9 133 311 67,9 49,2 5,8 16 0,011 0,55 - 12 0,69 2 

V (14 - CL) 79,5 43,3 242 103,3 65,4 20,4 19 0,015 1,35 + n.m. 0,5 2 

VI (17 - SM) 76,9 260 382 257,3 228 43,4 81 0,056 0,96 - 3,2 n.m. 10 

VII (19 - SP) n.m. 96,5 229 25 18,1 1,9 2 0,0039 0,57 - 6,97 n.m. n.m. 

VIII (20 - SD) 66,9 60 350 102,9 89,2 17,1 65 0,018 0,84 - n.m. n.m. 5 

IX (22 - MC) 112,8 101 322 519,9 335 148 118 0,081 1,72 + 6,5 n.m. 15 
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Table 10. Comparison of CSF findings in NS, MS and ALS patients 

 
NS 

(n=9, M/F 5/4) 
MS 

(n=9, M/F 5/4) 
ALS 

(n=9, M/F 5/4) 
P value 

Total proteins (mg/dl) 
Mean ± sd 154,5 ± 163,4 46,67 ± 21,60 40,66 ±7,68 

0,1832 
Median (IQR) 102,9 (34-254,2) 46 (30,5-54,5) 43,2 (31,75-45,85) 

Albumin (mg/dl) 
Mean ± sd 108,2 ± 110,2 33,57 ± 18,64 24,76 ± 8,44 

0,0747 
Median (IQR) 65,4 (24,7-188,5) 28,70 (21,45-38,90) 24,6 (16,95-29,9) 

IgG (mg/dl) 
Mean ± sd 32,59 ± 47,03 5,42 ± 2,64 2,55 ± 0,90 

0,0200* 
Median (IQR) 17,1 (2,8-47,7) 5,1 (3,15-7,75) 2,3 (1,88-3,15) 

Cells/mm3 
Mean ± sd 37,22 ± 41,25 3,33 ± 2,29 3,29 ± 2,43 

0,0166* 
Median (IQR) 19 (3,5-73) 3 (1,5-5) 2 (2-5) 

Albumin index 
Mean ± sd 0,0256 ± 0,0269 0,0078 ± 0,0049 0,0055 ± 0,0015 

0,0610 
Median (IQR) 0,0150 (0,0061-0,0454) 0,0066 (0,0049-0,0085) 0,0056 (0,0041-0,0064) 

IgG index 
Mean ± sd 0,89 ± 0,4 0,80 ± 0,58 0,54 ± 0,07 

0,0629 
Median (IQR) 0,84 (0,56-1,15) 0,62 (0,46-0,79) 0,56 (0,46-0,60) 

OCB +/- 3/6 9/0 0/9  

ACE (IU/l) 
Mean ± sd 11,98 ± 8,07 12,79 ± 11,34 23,24 ± 12,28 

0,0819 
Median (IQR) 12 (6,5-14,3) 9,65 (2,42-24,33) 24,28 (13,45-28,51) 

KL-6 (U/ml) 
Mean ± sd 6,14 ± 4,95 

n.m. n.m.  
Median (IQR) 5 (2-10) 

Abbreviations: CSF = cerebrospinal fluid; NS = neurosarcoidosis; MS = multiple sclerosis; ALS = amyotrophic lateral sclerosis; OCB = oligoclonal bands; ACE = 

angiotensin-converting enzyme; KL-6 = Krebs von den Lungen-6; sd = standard deviation; IQR = interquartile range; n.m. = not measured. 

* p<0,05 
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5.3 Results 

5.3.1 Study population 

Nine patients for each group were enrolled according to inclusion criteria. NS patients 

(M/F 5/4) had a mean age of 46,2 years (range: 16-61), MS patients (M/F 5/4) had a 

mean age of 46,3 years (range: 18-65) and ALS patients (M/F 5/4) had a mean age of 

53,1 years (range: 37-65). 

Table 8 shows demographic, clinical, radiological and functional data of NS patients. 

Three patients had a previous diagnosis of sarcoidosis, while neurosarcoidosis was the 

first manifestation of the disease in 6 patients. Two patients had negative chest HRCT 

and were diagnosed with isolated neurosarcoidosis. Diffusing lung capacity for carbon 

monoxide was reduced in all but one tested patients. CNS localization of granulomatous 

lesions was heterogeneous, including brain and/or spinal meninges in 5 patients, brain 

and/or spinal cord parenchyma in 5 patients and hypothalamus/pineal gland, spinal roots 

and brain arteries in one patient, respectively; 4 out of 9 patients had more than one 

concomitant CNS localization. No patient had clinical manifestations suggesting 

concomitant neuromuscular involvement. Neurosarcoidosis diagnosis, according to 

NCCG’s criteria (Stern, 2018) was definite (type b) in 1 patient, probable in 6 patients 

and possible in 2 patients. 

Detailed laboratory findings from serum and CSF analysis of NS patients are reported in 

Table 9. Comparison of CSF findings between NS, MS and ALS patients is reported in 

Table 10. 

 

5.3.2 Routine CSF analysis 

CSF total proteins were increased in 6 NS patients (66,6%). CSF albumin was increased 

in 6 NS patients (66,6%). CSF IgG were increased in 6 NS patients (66,6%). CSF 

pleocytosis was found in 6 NS patients (66,6%). Albumin index was increased in 7 NS 

patients (77,8%). IgG index was increased in 5 NS patients (55,5%). 

Significant differences between the three study groups emerged regarding CSF cells 

(p=0,0166) and CSF IgG (p=0,0200). CSF cell count was significantly higher in NS 

patients compared to both MS patients (p=0,0399) and ALS patients (p=0,0455) (Figure 

11). CSF IgG were significantly higher in NS patients compared to ALS patients 

(p=0,0226), but not to MS patients (Figure 11). 

Regarding CSF total proteins, CSF albumin, Albumin index and IgG index, no 



87 
 

significant differences were found among the three study groups. 

Multiple oligoclonal bands were found in 3 NS patients (33,3%), while they were 

present in all MS patients and in none of the ALS patients. 

 

Figure 11. Comparison of CSF cells and CSF IgG between NS, MS and ALS patients 

 

5.3.3 Serum and CSF ACE 

Serum ACE was increased in 5 NS patients (55,5%, mean 106,2±31,59 IU/l, median 

(IQR) 107,6 (77,55-134,3)) and in 4 MS patients (44,4%, mean 66,70±29,25, median 

(IQR) 72,50 (40,65-84,30)). CSF ACE was measurable in 7 NS patients (77,8%). No 

correlation between serum and CSF ACE concentrations was found in NS patients 

(r=0,7714, p=0,1028). 

Serum ACE concentrations were 

significantly higher in NS patients than 

in MS patients (p=0,0464) (Figure 12). 

No significant differences in CSF ACE 

concentrations were found among the 

three study groups. 

 
 
 
 

Figure 12. Comparison of serum ACE 
between NS and MS patients 
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5.3.4 Serum and CSF CTO 

Serum CTO was increased in all NS patients (100%, mean 107,2±63,67 nmol/ml/h, 

median (IQR) 98 (62-121)) and in none of MS patients (mean 14,03±7,37, median 

(IQR) 13,5 (7-21,6)). Serum CTO activity was significantly higher in NS patients than 

in MS patients (p<0,0001) (Figure 13). 

CSF CTO was measurable only in 3 NS patients, with extremely low activity 

(respectively 0,5 nmol/ml/h, 0,7 nmol/ml/h and 2,7 nmol/ml/h). Moreover, it resulted 

measurable in one patient only from MS group (0.2 nmol/ml/h) and in no patients from 

ALS group. 

Figure 13. Comparison of serum CTO 
between NS and MS patients 
 

 

 

 

 

 

 

 

 

5.3.5 Serum and CSF KL-6 

Serum KL-6 concentrations did not exceed the proposed cut-off value of 465 U/ml in 

none of the NS patients (mean 324±58,73 U/ml, median (IQR) 324 (276,5-366)). 

Measurable CSF concentrations of KL-6 were detected in 7 NS patients (77,8%) but in 

none of MS or ALS patients. No correlation between serum and CSF KL-6 

concentrations was found in NS patients (r=0,1853, p=0,7190). In NS patients, CSF 

KL-6 concentrations were directly correlated with CSF total proteins (r=0,8895, 

p=0,0143), CSF albumin (r=0,9636, p=0,0024), CSF IgG (r=0,8524, p=0,0286) and 

Albumin index (r=0,9636, p=0,0024) (Figure 14). No significant differences in serum 

KL-6 concentrations were observed among NS patients, MS patients and healthy 

controls (p=0,7703). 
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Figure 14. Correlation between CSF KL-6 concentrations and CSF total proteins, CSF albumin, 
CSF IgG and Albumin index in NS patients 
* p<0,05 
** p<0,01 

  

5.4 Discussion 

The present study compared serum and CSF findings among CNS neurosarcoidosis, 

multiple sclerosis and amyotrophic lateral sclerosis patients, also assessing sarcoidosis 

biomarkers such as ACE, CTO and KL-6. To our knowledge, both CTO and KL-6 were 

never systematically studied nor in serum or in CSF of neurosarcoidosis patients. 

As already reported (Pawate, 2009; Leonhard, 2016), routine CSF analysis showed 

inflammatory alterations in the majority of neurosarcoidosis patients, including elevated 

total proteins, albumin and IgG, CSF pleocytosis and increased Albumin index and IgG 

index. However, when compared to control groups, significative differences emerged 

only in CSF cell count and CSF IgG concentration. Moreover, while CSF pleocytosis 

was significantly higher in nerosarcoidosis patients when compared to both ALS and 

MS patients, the difference in CSF IgG concentrations was significant only between 

neurosarcoidosis and ALS patients and not when compared to MS patients. This 
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finding, alongside the demonstration of oligoclonal bands in one third of 

neurosarcoidosis patients, is in line with previous reports (Arun, 2020) and underlines 

the challenges in differentiating neurosarcoidosis from multiple sclerosis and the need 

to identify specific biomarkers to rely on for differential diagnosis. 

Serum ACE, despite being increased in 55,5% of neurosarcoidosis patients and in 

44,4% of multiple sclerosis patients, showed significantly higher concentrations in the 

first group. This finding confirms the need to consider as strongly suggestive of 

sarcoidosis only serum ACE concentrations twice greater than the upper normal limits, 

and to carefully interpret all results integrating them with other clinical and diagnostic 

elements (Chopra, 2016). 

In contrast to a recent study by Arun et al., which did not find measurable CSF ACE 

concentrations in none of 27 neurosarcoidosis patients (Arun, 2020), in the current study 

ACE was measurable in CSF of 7 out of 9 neurosarcoidosis patients. However, CSF 

ACE was measured also in 8 out of 9 MS patients and in all 9 ALS patients and its 

concentrations did not differ among the three groups, confirming the poor specificity of 

this biomarker in CSF (Bridel, 2015). 

Serum CTO resulted increased in all neurosarcoidosis patients and in none of multiple 

sclerosis patients, showing a highly significant difference in its activity (p<0,0001). 

This finding is in line with previous studies on pulmonary and systemic sarcoidosis, 

which showed that CTO may have higher sensitivity and specificity in differentiating 

sarcoidosis from other diseases than other established biomarkers (Bargagli, 2007) and 

seems to correlate with disease severity and extrapulmonary involvement (Bergantini, 

2019; Bennet, 2020). Our finding of increased serum CTO activity also in patients with 

normal chest HRCT scan and isolated neurosarcoidosis (see patients n. III and n. VIII) 

and in patients with normal lung function tests (see patient n. IV) suggests that serum 

CTO could be a reliable biomarker also in neurologic presentations of sarcoidosis, 

regardless of the presence, extent and severity of pulmonary involvement. 

Instead, CSF CTO was measurable only in 3 neurosarcoidosis patients, 1 MS patient 

and none of ALS patients; all measured activities were extremely low, ranging from 0,2 

nmol/ml/h to 2,7 nmol/ml/h. Moreover, we observed an inadequate reproducibility of 

measures in test-retests, which led us to consider the possibility that the assay of 

enzymatic functional activity may be influenced by sample storage procedures. 

Therefore, we believe that further methodologic investigations are essential, and 

although these results seem to suggest a limited relevance of CSF CTO measurement, 
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the absence in the literature of similar studies demands caution in considering or 

excluding usefulness of this biomarker. 

KL-6 is a mucin-like glycoprotein secreted by type II pneumocytes (Kohno, 1989), 

which has been found increased in serum and BAL of patients with ILD and sarcoidosis 

(D’Alessandro, 2020; Janssen, 2003) and showed a close correlation with other 

radiological and laboratory markers of pulmonary involvement (Bergantini, 2019; 

Miyoshi, 2010). In all our neurosarcoidosis patients, serum KL-6 concentrations resulted 

below the proposed cut-off of 465 U/ml (Ohnishi, 2002). However, KL-6 was also 

found in CSF of 7 neurosarcoidosis patients and in none of MS and ALS patients. 

Notably, the highest concentration of CSF KL-6 was measured in the only patient who 

presented fibrotic pulmonary involvement and a Scadding stage IV at chest HRCT scan 

(patient n. IX). Measurable KL-6 concentrations were also detected in the two patients 

without any sign of pulmonary involvement and a Scadding stage 0 at chest HRCT scan 

(patients n. III and n. VIII), suggesting the possibility of minimal lung parenchyma 

involvement even in patients with normal chest HRCT scan. On the other hand, the two 

patients without measurable CSF KL-6 concentrations (patients n. I and n. VII) were the 

only patients presenting with no other sign of blood-brain barrier damage in standard 

CSF analysis. Since KL-6 is a high molecular weight protein (200 kDa) produced by 

type II pneumocytes (Kohno, 1989), under physiological conditions it is unlikely to 

cross the intact blood-brain barrier. However, when the barrier is damaged due to 

pathological conditions, as it occurs in neurosarcoidosis, KL-6 produced by even 

minimally affected lungs could cross the barrier together with other serum proteins as 

albumin (69 kDa) and IgG (108 kDa), as confirmed by the direct correlation found 

between CSF KL-6 concentrations and CSF total proteins, CSF albumin, CSF IgG and 

Albumin index. Our findings strongly suggest that this protein could be a specific CSF 

diagnostic biomarker of neurosarcoidosis, particularly useful in cases with little or no 

thoracic involvement and regardless its serum concentrations. Since no reliable 

biomarkers have yet been identified to support clinical and radiological diagnosis of 

neurosarcoidosis, our findings show that KL-6 assay in CSF is a simple, inexpensive 

and mini-invasive diagnostic tool in comparison to CSF biopsy, able to discriminate this 

specific phenotype of sarcoidosis with 81,2% sensitivity and 100% specificity. 

Limitations of the present study include the retrospective nature of the sampling, the 

monocentric design of the study and the relatively small size of the study population due 

to the rarity of the disease. Moreover, a comparison with another control group 
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including patients with chronic inflammatory meningeal diseases (idiopathic or 

occurring in IgG4-RD or ANCA-related vasculitides) would provide more information 

regarding the specificity of our findings. 
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CHAPTER 6: CLINICO-PATHOLOGICAL VARIABILITY AND 

TNFα/TNFR1-2 EXPRESSION IN SARCOIDOSIS-ASSOCIATED 

MYOPATHY 

 

6.1 Introduction 

In sarcoidosis patients, asymptomatic involvement of skeletal muscles is reported in 

25% to 75% of cases, while symptomatic involvement occurs in only 0.5% to 5% 

(Kobak, 2015). Symptomatic sarcoid myopathy has historically been classified in three 

distinct clinical patterns: acute myopathy, chronic myopathy, and nodular myopathy 

(Silverstein, 1969; Zisman, 2002). Acute myopathy tends to occur early during the 

course of sarcoidosis and in younger patients (<40 years of age). Clinical presentation is 

similar to other inflammatory myopathies, with rapid onset of proximal weakness, 

myalgia and often fever, with elevated creatinine kinase levels. EMG may show 

nonspecific myopathic findings and muscle biopsy shows non-caseating granulomas 

with pronounced lymphocytic infiltration (Kobak, 2015; Bechman, 2018). Chronic 

myopathy is the most common form, mainly reported in females between 50 and 60 

years of age. It usually presents with insidious onset of symmetrical proximal muscle 

weakness, sometimes involving trunk and neck muscles, and only occasionally with 

predominant distal weakness. Muscle enzyme levels are often normal. EMG 

demonstrates nonspecific myopathic changes, and muscle MRI may reveal muscle 

atrophy with fatty degeneration (Moore, 2005; Bechman, 2018). Noncaseating 

granulomas infiltrating perimysial connective tissue, which cause muscle atrophy and 

fibrosis, are the main pathologic findings (Kobak, 2015; Maeshima, 2015). Nodular 

sarcoid myopathy is the rarest presentation and is usually characterized by a 

symmetrical limb involvement and single or multiple nodules, palpable and often 

painful consisting of granuloma agglomerates. Serum levels of muscle enzymes and 

neurophysiological studies are usually normal. Pathological analysis demonstrates 

nodular lesions between muscle bundles without direct involvement of muscle fibers 

(Bechman, 2018). MRI examinations can be useful for localizing this pattern of 

myopathy, showing round, ovoid or fusiform nodules extending alongside the muscle 

fibers. They usually present hypointensity in the center, due to persistent inflammation 

within the central portion of the granuloma, and a peripheral area which shows a mild 



94 
 

hyperintensity on T1-weighted images, due to its high cellular content, and significant 

hyperintensity on T2-weighted images due to peripheral oedema (Otake, 1994; Prieto-

González, 2014). 

However, myalgia and fatigue are some of the most frequently reported symptoms by 

sarcoidosis patients (Hinz, 2011) and the wide clinical variability presented by patients 

with sarcoid myopathy is often difficult to classify inside the three historically proposed 

categories. A recent multicenter retrospective study, for instance, was unable to classify 

18 of 48 patients according to the historical classification, and therefore proposed the 

identification of four alternative patterns: a myopathic pattern, in the presence of motor 

deficits; a nodular pattern, in the presence of nodular lesions without motor deficit; a 

smoldering pattern, in the absence of both nodular lesions and motor deficit; and a 

combined myopathic and neurogenic pattern, in the presence of neurogenic 

abnormalities on electrophysiological studies in addition to muscular involvement 

(Cohen Aubart, 2018). 

The presence of such different clinical and pathological findings suggests the existence 

of a more complex pathophysiology of muscular involvement in sarcoidosis patients, 

not limited to granuloma-mediated muscular damage. The presence of an inflammatory 

process without granuloma formation suggests that muscle damage may be caused by 

direct cytolytic effect of lymphocytes or indirectly through cytokines production 

(Authier, 1997; Kobak, 2015). 

In this context, a potential role of pro-inflammatory cytokines may be hypothesized. As 

previously described in chapters 1 and 2, local and circulating cytokines (mainly TNFα 

and IFNγ) play indeed a crucial role in the Th1 inflammatory response of sarcoidosis 

and the increase of local and circulating TNFα is also considered a possible cause of the 

loss of epidermic nerve fibers in sarcoidosis-associated SFN (Kidd, 2020). 

In addition, the role of pro-inflammatory cytokines including TNFα has been previously 

studied in other idiopathic inflammatory myopathies (IIM). In muscular biopsies from 

IIM patients, TNFα is expressed by infiltrating macrophages and lymphocytes, by 

injured/regenerating muscle fibers, by endothelial cells from muscular vessels and 

freely dispersed in endomysial and perimysial connective tissue (Tateyama, 1997; De 

Bleecker, 1999; Kuru, 2003). Moreover, TNFα receptors TNF-R1 and TNF-R2 are also 

expressed by regenerating muscle fibers and by endothelial cells in the midst of 

inflammatory infiltrates in IIM muscle specimens (De Bleecker, 1999). Increased 

endothelial expression of both TNFα and TNFR1-2 seems to be prominent in 
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dermatomyositis (DM) with respect to polymyositis (PM) and inclusion body myositis 

(IBM) (De Bleecker, 1999). The soluble forms of receptors are increased also in the 

serum of IIM patients (Shimizu, 2000; De Paepe, 2012). 

Regarding possible effects of this increased expression, TNFα has shown to promote the 

accumulation of neutrophils and macrophages in skeletal muscle (Peterson, 2006), 

enhance Fas-mediated apoptosis of muscle cells (Kondo, 2009), induce macroautophagy 

and expression of MHC-II class molecules on muscle fibers (Keller, 2011) and seems to 

have even a direct role in causing muscle weakness and fatigue by blunting the response 

of muscle myofilaments to calcium activation (Reid, 2002). 

The aims of our study are to analyze pathological presentations of sarcoid myopathy 

beyond classic granulomatous myopathies and to investigate the potential role of pro-

inflammatory cytokines in this subset of patients, examining tissue expression of TNFα 

and its receptors. 

 

6.2 Materials and methods 

The present study was performed at the University Hospital of Siena, Italy and 

originated from the cooperation between Neurology and Clinical Neurophysiology Unit 

and the Sarcoidosis Regional Referral Center, managed by Respiratory Diseases and 

Lung Transplantation Unit. 

First, we performed a retrospective analysis of a cohort of sarcoidosis patients who 

underwent muscular biopsies for diagnostic purposes due to the suspect of an associated 

myopathy, in the timeframe from January 1st 2011 to December 31st 2017. 

Inclusion criteria for the execution of muscle biopsy were: 

- Complaint of myalgia or muscle cramps or muscular weakness (the last 

confirmed by MRC scale); 

Plus 

- Increased serum creatine kinase (CK) 1,5 times above the upper normal values 

or myopathic findings on EMG. 

Sarcoidosis diagnosis, confirmed by pneumologist evaluation and investigations, was 

performed either previously or during the subsequent follow up. 

Pathological specimens and medical records were retrospectively reviewed and 

information regarding demographics, medical history, clinical presentation, laboratory 



96 
 

and radiological data and pathologic findings were collected for each study patient and 

were entered into an electronic database. 

Successively, we prospectively enrolled further sarcoidosis patients, presenting in the 

timeframe from January 1st 2018 to December 31st 2020, fulfilling the aforementioned 

inclusion criteria and subjected to muscular biopsies for diagnostic purposes. 

Each patient gave its written informed consent to participate in the study and for the use 

of data and biological material, which was approved by our local ethics committee 

(CEAVSE 18712; Markerlung 17431). 

Open biopsies were performed on muscles selected according to clinical and 

neurophysiological findings. Tissue blocks for histology and immunohistochemistry 

were frozen in liquid nitrogen precooled isopentane and stored at -80°C until use. In all 

cases, the search for granulomas was carried out by serial cutting of all frozen 

specimens. Routine histological and histochemical stains were carried out on 10 m 

cryostat sections. Immunolocalization of markers of inflammatory cells (CD4, CD8, 

CD3, CD68) and immune tissue markers (Major Histocompatibility Complex-I, MHC-I, 

HLA-ABC; Major Histocompatibility Complex-II, MHC-II, HLA-DR; Membrane 

attack complex, terminal complement complex, MAC) was carried out on 6 m-thick 

cryostat sections mounted on Starfrost slides. After air-drying, slides were fixed in cold 

acetone and washed in PBS. After blocking in PBS-1%BSA for 30 minutes, slides were 

incubated with the primary antibodies in PBS-0.5%BSA overnight at 4°C. A list of 

primary antibodies and working dilutions is given in Table 11. Immunoreactivity was 

evidenced by either peroxidase-antiperoxidase technique, with DAB or AEC as a 

cromogen, or indirect immunofluorescence. For transmission electron microscopy 

(TEM), tissue blocks were routinely processed for Epon embedding; thin sections were 

observed and photographed on a Philips CM 10 microscope.  

Pathologic specimens of prospectively enrolled patients were also submitted to indirect 

immunofluorescence localization for TNFα and TNFR1-2  As TNFα tissue expression 

has already been reported IIM, we selected as control specimens samples of healthy 

skeletal muscles. 

Continuous variables were presented as mean and data range, and non-parametric 

Mann-Whitney test was used for between-group comparisons. Categorical variables 

were presented as frequencies and proportions and Fisher’s exact test was used for 
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between-group comparisons. A p-value of less than 0.05 was considered statistically 

significant. Statistical analysis was performed by GraphPad Prism 9.3 software. 

 

Table 11. List of primary antibodies and working dilutions 

Antigen Species Specificity Type Dilution Art.#/company 

HLA-A,B,C 
(W6/32 
clone) 

Mouse 
Monoclonal 

 

Anti Major 
Histocompatibility 

Complex -I 

Anti 
human 

1:100 M0736 Dako 

MAC 
(ae11 clone) 

Mouse 
monoclonal 

Anti-C5b-9 
complex 

Anti 
human 

1:200 M0777 Dako 

CD8 
Clone 

C8/144B 

Mouse 
monoclonal 

Anti human 
cytotoxic CD8 T 

cells 

Anti 
human 

1:100 M7103 Dako 

CD4 
Clone 4B12 

Mouse 
monoclonal 

Anti Human CD4 
Anti 

human 
1:100 M7310 Dako 

CD68 
Clone PG-M1 

Mouse 
monoclonal 

Anti human 
monocytes and 
macrophages 

Anti 
human 

1:100 GA613 Dako 

TNF alpha 
Clone 52B83 

Mouse 
monoclonal 

Anti human TNF 
Anti 

human 
1:100 

sc-52746 
Santa Cruz 

Biotech 

TNF-R1 
Clone H5 

Mouse 
monoclonal 

Anti human TNF 
receptor 1 

Anti 
human 

1:100 
sc-8436 

Santa Cruz 
Biotech 

TNF-R2 
Clone D2 

Mouse 
monoclonal 

Anti human TNF 
receptor 3 

Anti 
human 

1:100 
sc-8041 

Santa Cruz 
Biotech 
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Table 12. Demographic, clinical, laboratory and neurophysiological data 

Pt Sex 
Age at 
biopsy 

Time 
S-biopsy 

Chest HRCT 
(Scadding 0-IV) 

Extra-thoracic 
localizations 

Muscular symptoms Onset CK (U/l) EMG/NCS 

01 - NG F 72 yrs 11 yrs I – LL weakness (distal>proximal) Chronic Normal 
Diffuse myopathic 

changes 

02 - DD M 57 yrs 20 yrs I CNS, LN Myalgia Chronic Normal 
Proximal myopathic 

changes 

03 - LA M 61 yrs 8 yrs I – Myalgia, fatigue Chronic n.a. 
Diffuse myopathic 

changes, axonal pnp 

04 - PI F 33 yrs 2 yrs II 
Bones, lacrimal 

glands, LN 
Myalgia, fatigue, LL weakness 

(distal>proximal) 
Acute Normal 

Distal LL myopathic 
changes 

05 - CG F 58 yrs 1 yrs I Skin, kidney Myalgia Chronic 240 U/l 
Proximal myopathic 
changes, axonal pnp 

06 - WR M 28 yrs 0 yrs II LN 
Myalgia, fatigue, LL weakness 

(proximal>distal) 
Acute 2059 U/l 

Distal myopathic 
changes, axonal pnp 

07 - VL F 56 yrs 3 yrs I Skin Myalgia Chronic Normal 
Distal myopathic 

changes 

08 - CG F 57 yrs 5 yrs III Skin Myalgia, fatigue, cramps Chronic 131 U/l 
Proximal myopathic 

changes 

09 - NM F 40 yrs 9 yrs I Skin Myalgia, fatigue Chronic 308 U/l 
Proximal myopathic 

changes 

10 - PM F 73 yrs 3 yrs I Heart Myalgia, fatigue Chronic Normal 
LL myopathic 

changes 

11 - DR M 62 yrs 12 yrs II Skin Myalgia Chronic Normal 
Diffuse myopathic 

changes 

12 - MG F 51 yrs 0 yrs 0 Skin 
Myalgia, fatigue, LL and UL 
weakness (proximal>distal) 

Acute 957 U/L 
Proximal myopathic 

changes 

13 - SL F 66 yrs 20 yrs II – 
Myalgia, LL and UL weakness 

(proximal>distal) 
Chronic 526 U/l 

Proximal myopathic 
changes 
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Pt Sex 
Age at 
biopsy 

Time 
S-biopsy 

Chest HRCT 
(Scadding 0-IV) 

Extra-thoracic 
localizations 

Muscular symptoms Onset CK (U/l) EMG/NCS 

14 - DG F 65 yrs 11 yrs II 
Skin, parotid 
gland, larynx, 

bones 

Myalgia, fatigue, cramps, LL 
and UL weakness 
(proximal>distal) 

Acute 225 U/l 
Proximal UL 

myopathic changes 

15 - BG F 53 yrs 3 yrs III Skin Myalgia, fatigue, cramps Chronic 230 U/l 
Proximal LL 

myopathic changes 

16 - OF F 27 yrs 5 yrs I Skin Myalgia, fatigue, cramps Chronic 325 U/l Normal 

17 - DJ M 27 yrs 3 yrs II Skin, LN Myalgia, fatigue, cramps Acute 551 U/l Normal 

18 - AF F 43 yrs 0 yrs II 
Skin, eye, 

spleen, liver 
Myalgia, fatigue + LL 

neuropathic pain 
Chronic 593 U/l 

LL myopathic 
changes 

19 - ML F 71 yrs 0 yrs II LN 
Myalgia, fatigue, LL weakness 

(distal>proximal) 
Chronic 139 U/l 

Distal LL myopathic 
changes 

20 - TE F 50 yrs 4 yrs III Skin Myalgia, fatigue Chronic 70 U/l 
Diffuse myopathic 

changes 

†21 - CI F 38 yrs 12 yrs II Spleen Myalgia, fatigue Chronic 75 U/l 
Proximal LL 

myopathic changes 

†22 - PF F 44 yrs 2 yrs III Skin Myalgia Chronic 103 U/l 
Proximal LL 

myopathic changes 

†23 - FE F 78 yrs 3 yrs II LN 
Myalgia, fatigue, LL and UL 
weakness (proximal>distal) 

Chronic 172 U/l 
Diffuse myopathic 

changes 

†24 - LM F 59 yrs 0 yrs II LN 
Myalgia, fatigue + LL 

neuropathic pain 
Chronic 420 U/l Normal 

†25 - NG F 72 yrs 36 yrs II Skin, eye Myalgia, fatigue, cramps Chronic 370 U/l Normal 

†26 - CC F 36 yrs 7 yrs II Skin Myalgia, fatigue, cramps Chronic 56 U/l 
Proximal LL 

myopathic changes 

†27 - TE F 72 yrs 43 yrs III Skin, bones Myalgia, fatigue Chronic 108 U/l 
Proximal UL 

myopathic changes 
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Pt Sex 
Age at 
biopsy 

Time 
S-biopsy 

Chest HRCT 
(Scadding 0-IV) 

Extra-thoracic 
localizations 

Muscular symptoms Onset CK (U/l) EMG/NCS 

†28 - TG M 59 yrs 26 yrs I Skin 
Myalgia, fatigue, LL and UL 

weakness (diffuse) 
Chronic 375 U/l Axonal pnp 

†29 - CL M 30 yrs 10 yrs I LN Myalgia Chronic Normal 
Proximal LL 

myopathic changes 

Abbreviations: Pt = patient; Time S-biopsy = time from sarcoidosis diagnosis to muscle biopsy; HRCT = high-resolution computed tomography; CK = creatine 
kinase; EMG/NCS = Electromyography / Nerve conduction studies; yrs = years; CNS = central nervous system; LN = lymph nodes; LL = lower limbs; UL = upper 
limbs; n.a. = not available; pnp = polyneuropathy. 
† = prospectively enrolled patients. 
Reference values: CK: 10-140 U/l. 
Abnormal values in bold. 
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Table 13. Histopathological findings 

Pt 
Site of 
biopsy 

Granul. 
Myopathic 

changes 
Cellular inflammation Necrosis 

Regener. 
changes 

MHC-I/II 
(HLA-

ABC/DR) 

MAC 
(C5b9) 

Neurogenic 
changes 

Associated 
changes 

01 - NG VL + +++ 
+++ endomysial, perimysial, 

perivascular 
+++ +++ n.p. n.p ++ 

Fibrosis, 
mitochondrial 

02 - DD VL - + 
+  perivascular 

- - ++ ++ - - 
CD4 + CD8 - CD68 + 

03 - LA VL - +/- 
+ endomysial, perivascular 

- + +++ ++ + - 
CD4 + CD8 + CD68 + 

04 - PI TA - ++ 
+ endomysial, ++ perivascular 

+ ++ ++ +++ - - 
CD4 ++ CD8 + CD68 ++ 

05 - CG VM - +++ - - - n.p n.p - 
Type II 

atrophy 

06 - WR VL - +++ 
++ endomysial, perivascular 

+ + +++ +++ + - 
CD4 ++ CD8 + CD68 ++ 

07 - VL TA - +/- 
+ perivascular 

- + ++ ++ ++ - 
CD4 + CD8 - CD68 + 

08 - CG VL - +++ 
+++ perimysial, perivascular 

++ ++ +++ ++ - Fibrosis 
CD4 + CD8 - CD68 + 

09 - NM D - + 

+++ perivascular, ++ endomysial, 
perimysial + + ++ ++ - Mitochondrial 

CD4 + CD8 - CD68 + 

10 - PM TA - ++ 
++ endomysial, perivascular 

+ ++ +++ +++ - Fibrosis 
CD4 ++ CD8 + CD68 ++ 

11 - DR TA - + 
+ endomysial, perivascular 

- + +++ ++ - - 
CD4 + CD8 - CD68 + 

12 - MG VL - + 
++ perivascular 

- - ++ ++ - - 
CD4 + CD8 + CD68 + 
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Pt 
Site of 
biopsy 

Granul. 
Myopathic 

changes 
Cellular inflammation Necrosis 

Regener. 
changes 

MHC-I/II 
(HLA-

ABC/DR) 

MAC 
(C5b9) 

Neurogenic 
changes 

Associated 
changes 

13 - SL VL - +++ 
+/- perivascular 

+ + + - - 
Type II 

atrophy CD3 +/- CD68 +/- 

14 - DG BB - ++ 
+++ endomysial, perimysial, 

perivascular - + + - - 
Type II 

atrophy 
CD4 +++ CD8 + CD68 +++ 

15 - BG VL - ++ 
+ perimysial, perivascular 

- - + - -  
CD4 ++ CD8 + CD68 ++ 

16 - OF VL - - - - +/- - - - - 

17 - DJ VL + ++ 
+++ endomysial, perimysial, 

perivascular ++ ++ ++ - - Mitochondrial 
CD4 +++ CD8 + CD68 +++ 

18 - AF RF - + - - - - - - - 

19 - ML TA + +++ 

+++ endomysial, perimysial, 
perivascular +++ +++ n.p n.p - Fibrosis 

CD3 +++ CD68 +++ 

20 - TE VL - + - - - - - - Mitochondrial 

†21 - CI VL - + - - - + - - - 

†22 - PF RF - + - - - ++ - - Mitochondrial 

†23 - FE D + +++ 
+++ endomysial, perimysial, 

perivascular ++ + +++ + - Mitochondrial 
CD4 +++ CD8 + CD68 +++ 
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Pt 
Site of 
biopsy 

Granul. 
Myopathic 

changes 
Cellular inflammation Necrosis 

Regener. 
changes 

MHC-I/II 
(HLA-

ABC/DR) 

MAC 
(C5b9) 

Neurogenic 
changes 

Associated 
changes 

†24 - LM VL - + - - - + - - - 

†25 - NG BB - +++ 
+ endomysial, perivascular 

+ + ++ - - 
Type II 

atrophy, 
mitochondrial 

CD4 n.p. CD8 n.p. CD68 + 

†26 - CC VL - +/- - - + - - - - 

†27 - TE BB - +++ - - - - - + - 

†28 - TG BB - +++ 
++ endomysial, perimysial 

+ + ++ - - - 
CD3 ++ CD68 ++ 

†29 - CL VL - - - - + - - - - 

Abbreviations: Pt = patient; Granul. = granulomas; Regener. changes = regenerative changes; MHC-I/II (HLA-ABC/DR) = major histocompatibility complex I 
and II (human leukocyte antigen -A, -B, -C and -DR); MAC (C5b-9) = membrane attack complex (C5b9 complement fraction); VL = vastus lateralis muscle; TA = 
tibialis anterior muscle; VM = vastus medialis muscle; D = deltoid muscle; BB = brachial biceps muscle; RF = rectus femoris muscle; CD4 = CD4+ T-
lymphocytes; CD8 = CD8+ T-lymphocytes; CD68 = CD68+ macrophages; CD3 = CD3+ T-lymphocytes;  n.p. = not performed . 
† = prospectively enrolled patients. 
Semiquantitative evaluation, from – to +++. 
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Table 14. Clinico-pathological patterns of sarcoidosis-associated myopathy in our 

study cohort 

 

All (n=29) 
Cellular 

inflammation 
(n=18) 

Minor or no 
inflammatory 

changes 
(n=11) 

P value 

Age at biopsy (yrs) 
Mean (range) 

53 (27-78) 56,4 (27-78) 47,5 (27-72) 0,1556 

Sex 
M/F 

7/22 6/12 1/10 0,2021 

Muscular 
biopsy 

At S onset 5 (17,2%) 3 (16,7%) 2 (18,2%) 
0,6027 

At follow up 24 (82,8%) 15 (83,3%) 9 (81,8%) 

Time S-biopsy (yrs) 
Mean (range) 

10,8 (1-43) 10,3 (2-36) 11,6 (1-43) 0,9886 

Chest HRCT 
(Scadding 0-IV) 

0 1 (3,4%) 1 (5,6%) 0 >0,9999 

I 10 (34,5%) 7 (38,9%) 3 (27,3%) 0,6942 

II 13 (44,8%) 8 (44,4%) 5 (45,4%) >0,9999 

III 5 (17,2%) 2 (11,1%) 3 (27,3%) 0,3386 

Extra-thoracic 
localizations 

Skin 17 (58,6%) 10 (55,6%) 7 (63,6%) 0,7167 

LN 8 (27,6%) 6 (33,3%) 2 (18,2%) 0,6706 

Other 9 (31%) 5 (27,8%) 4 (36,4%) 0,6942 

Muscular 
symptoms 

Myalgia 28 (96,6%) 17 (94,4%) 11 (100%) >0,9999 

Fatigue 21 (72,4%) 14 (77,8%) 7 (63,6%) 0,4327 

Cramps 7 (24,1%) 5 (27,8%) 2 (18,2%) 0,6765 

Weakness 9 (31%) 8 (44,4%) 1 (9,1%) 0,0959 

Onset 
Acute 5 (17,2%) 5 (27,8%) 0 

0,1261 
Chronic 24 (82,8%) 13 (72,2%) 11 (100%) 

CK (U/l) 
> 1,5 UNV 

13 (44,8%) 8 (44,4%) 5 (45,4%) >0,9999 

ENG/EMG 

Myopathic 
changes 

24 (82,8%) 15 (83,3%) 9 (81,8%) >0,9999 

Axonal pnp 4 (13,8%) 3 (16,7%) 1 (9,1%) >0,9999 

Muscle biopsy 

Granulomas 4 (13,8%) 4 (22,2%) 0 0,2678 

Neurogenic 
changes 

5 (17,2%) 4 (22,2%) 1 (9,1%) 0,6221 

Mitocondrial 
changes 

7 (24,1%) 5 (27,8%) 2 (18,2%) 0,6765 

Fibrosis 4 (13,8%) 4 (22,2%) 0 0,2678 

Type II 
atrophy 

4 (13,8%) 2 (11,1%) 2 (18,2%) 0,6221 

Abbreviations: Pt = patient; yrs = years; S = sarcoidosis; Time S-biopsy = time from sarcoidosis 
diagnosis to muscle biopsy; HRCT = high-resolution computed tomography; LN = lymph nodes; 
CK = creatine kinase; UNV = upper normal values; pnp = polyneuropathy.
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Table 15. TNFα and TNFR1-2 expression in prospectively enrolled patients vs healthy controls 

Pt 

TNFα TNFR1-2 

Endothelial Sarcolemmal Cytoplasmic 
Inflammatory 

infiltrates 
Endothelial Sarcolemmal Cytoplasmic 

Inflammatory 
infiltrates 

†21 - CI +++ - - Absent ++ + + Absent 

†22 - PF +++ ++ + Absent +++ + + Absent 

†23 - FE +++ +++ +++ +++ +++ ++ +++ +++ 

†24 - LM +++ ++ ++ Absent +++ + ++ Absent 

†25 - NG +++ ++ ++ +++ +++ ++ + +++ 

†26 - CC +++ + + Absent +++ + + Absent 

†27 - TE ++ + ++ Absent ++ - + Absent 

†28 - TG +++ + + +++ +++ ++ + +++ 

†29 - CL +++ ++ ++ Absent +++ ++ ++ Absent 

HC (n=7) + - - Absent + - - Absent 

Abbreviations: Pt = patient; HC = healthy controls. 
† = prospectively enrolled patients. 
Semiquantitative evaluation, from – to +++. 
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Figure 15. Representative histological and immunohistological muscle changes in 

sarcoidosis associated myopathies 
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Figure 15. Scale bar: 10 m. Bright field stains were carried out by immunoperoxidase 
technique, chromogen DAB. Indirect immunofluorescence for the terminal complement 
complex (MAC) was carried out by secondary FITC-conjugated antibody. 
A, B, C, D (pt. 17 - DJ): granulomatous myopathy with subacute onset; granuloma (box in 
haematoxylin-eosin section) shows a predominance of CD4+ lymphocytes and CD68+ 
macrophages, with sparse CD8+ T cells. 
E (pt. 1 - NG): granulomatous myopathy with very slow onset, wide fibroadipose replacement. 
F (pt. 06 - WR): acute myositis with inflammatory infiltrates and prominent necrosis / 
regeneration (*). No granulomas were detected. 
G, H (pt. †28 - TG): myositis with mild cellular inflammation; consecutive sections show a 
diffuse MHC-I (HLA-ABC) upregulation, where a smaller but consistent quote of fibers also 
displays MHC-II (HLA-DR) neolocalization. 
I, J, K (pt. †26 - CC): muscle morphology within normal range; mild upregulation of MHC-I and 
localization of the terminal complement complex (MAC) on scattered muscle capillaries. 
L (pt. 14 - DG): non granulomatous myositis with acute onset; reaction for myosin ATPase at 
pH 10.4 shows a reduction of the diameters of dark stained type 2 fibers. 
M (pt. 11 - DR): non granulomatous myopathy with scarce cellular endomysial inflammation, 
composed of CD4+ T cells. 
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Figure 16. Representative findings for TNFα, TNFR1-2 and in transmission electron 

microscopy  
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Figure 16. Scale bar: immunofluorescence 10 m; TEM 2 m. 
Indirect immunofluorescence for TNF was performed by a secondary TRITC conjugated 
antibody; for the TNFR1-2 by a secondary FITC-conjugated antibody on consecutive sections. 
In all cases inflammatory cells displayed a strong reactivity for TNFα and TNFR1-2, that were 
also detected diffusely on injured fibers, and resulted substantially coexpressed, as shown by 
consecutive sections (*). Tracts of sarcolemmal stain on apparently healthy fibers (arrowhead) 
were also observed. The walls of endomysial capillaries consistently expressed either TNFα and 
TNFR1-2 also in the cases with minor changes, as displayed in the table. In control cases, a very 
faint scattered reactivity was observed. 
In transmission electron microscopy, injury of intramuscular nerve bundles was detected in a 
minority of cases, showing degeneration of small myelinated fibers. Moreover, TEM confirmed 
endothelial injury, with degeneration of the capillary wall and reduplications of the basal 
lamina (arrowhead), cell oedema, with lipid deposits and mitochondrial swelling (*).  
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6.3 Results 

6.3.1 Study population 

Globally, twenty-nine patients met the inclusion criteria of the study. Twenty patients 

were retrospectively enrolled after reviewing medical records, and nine patients were 

prospectively enrolled during the study timeframe. Data regarding demographics and 

relevant clinical history of the study population are summarized in Table 12. 

The study population included 7 males (24,1%) and 22 females (75,9%). Mean age at 

muscle biopsy was 53 years (range: 27-78). Muscular biopsy preceded sarcoidosis 

diagnosis in 5 patients while in the remaining 24 patients the mean interval between 

sarcoidosis diagnosis and muscle biopsy was 10,8 years (range: 1-43). Pulmonary 

disease staged from 0 to III according to Scadding staging system and 26 out of 29 

patients (89,6%) presented at least one further extra-pulmonary localization of the 

disease. The most commonly involved organs were skin in 17 patients and extra-

thoracic lymph nodes in 8 patients. One of the included patients (n. 02 - DD) had a 

concomitant CNS localization and was therefore included also in the CNS 

neurosarcoidosis cohort described in chapter 4 (patient n. 01 – DD). Myalgia was the 

most common muscular symptom, present in 28 out of 29 patients. Other reported 

symptoms were fatigue, reported by 21 patients, and cramps, reported by 7 patients. 

Muscular weakness was found in 9 patients and was predominantly proximal in 5 

patients, diffuse in 1 patient and predominantly distal in 3 patients, of whom two 

(patients n. 01 and n. 19) with granulomatous myopathy, one (patient n. 01) with 

nodular pattern. Two patients (n. 18 and n. 24) reported concomitant neuropathic pain, 

predominant in lower limbs. Onset of symptoms was chronic in 24 patients and acute in 

5 patients. EMG showed myopathic changes in 24 out of 29 patients. Nerve conduction 

abnormalities suggestive of large fiber axonal sensorimotor polyneuropathy were 

recorded in 4 patients, one without associated myopathic changes. CK values were 1,5 

times above the upper normal value in 13 patients. All prospectively enrolled patients 

were tested for myositis-specific and myositis-associated antibodies (MSA and MAA: 

Anti-Mi2α, Anti-Mi2, Anti-TIF1γ, Anti-MDA5, Anti-NXP2, Anti-SAE1, Anti-Ku, 

Anti-PM/Scl100, Anti-PM/Scl75, Anti-Jo1, Anti-SRP, Anti-PL7, Anti-PL12, Anti-EJ, 

Anti-OJ, Anti-HMGCR), which tested negative in all cases. 

Muscular biopsy was performed in different muscles according to clinical and 

neurophysiological data; examined muscles were vastus lateralis (15 patients), tibialis 
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anterior (5 patients), brachial biceps (4 patients), rectus femoris (2 patients), deltoid (2 

patients) and vastus medialis (1 patient). Data regarding histopathological findings in 

the study population are summarized in Table 13. Representative histological and 

immunohistological muscle changes detected are presented in Figure 15. 

Despite extensive sectioning of standard-sized bioptic samples, granulomas were 

detected only in 4 out of 29 patients. General myopathic changes, such as increased 

variability of fiber diameter and nuclear internalization were detected in 27 out of 29 

patients (93,1%). Associated neurogenic changes (namely, grouped atrophy and 

histotype grouping) were also detected in 5 patients. The most common associated 

changes were represented by mitochondrial proliferation, observed in 7 patients. 

Selective type II fibers atrophy and fibrous/adipose replacement were demonstrated in 4 

patients each. 

Different degrees of inflammation were detected, ranging from massive cellular 

infiltrates with diffuse myofibers necrosis/regeneration, to minimal perivascular 

lymphohistiocytic deposits. In cases with a significant amount of mononuclear cells, 

CD4+ T-lymphocytes were predominant, both in perivascular and perimysial infiltrates. 

Upregulation of tissue immunity markers was observed, namely MHC-I and MHC-II 

fibral neolocalization and recurrent MAC deposits on the wall of endomysial capillaries. 

Morphological examination in TEM (see Figure 16), which was performed in 15 

patients, confirmed endothelial involvement in most of the cases. The most common 

finding was swelling of capillary endothelium, but mitochondrial swelling and necrosis 

of vessel walls were also present. Thickening or reduplications of basal lamina, 

indicative of degenerative and regenerative phenomena, were often associated with 

endothelial changes. Degenerative changes of intramuscular nerve bundles were also 

detected in patients with associated neurogenic changes. 

  

 6.3.2 Clinico-pathological patterns 

The overall study population can be divided in two main subgroups, according to the 

extent of pathological changes. The first subgroup comprises patients with pathologic 

evidence of cellular inflammation in skeletal muscles, with or without granuloma 

formation. The second subgroup of patients is characterized by the presence of minor or 

absent inflammatory changes in muscle specimens, such as different degrees of 

myopathic changes and sometimes increased expression of MHC-I and -II molecules, 
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without cellular infiltration. 

An overview of the main clinicopathological findings of these two subgroups is reported 

in Table 14. Despite no significant differences between the two subgroups, all patients 

with the acute onset and/or clinically evident muscular weakness showed cellular 

inflammation in muscle specimens, while all patients with minor or absent 

inflammatory changes showed chronic onset of purely subjective symptoms. On the 

other hand, serum CK increase and myopathic changes on EMG were detected in very 

similar proportion of patients in both subgroups (about 45% for CK elevation and about 

80% for myopathic changes). As expected, fibrous/adipose replacement was present 

only in patients with a relevant amount of cellular inflammation and was not 

demonstrated in any of the samples with minor or absent inflammatory changes. 

 

6.3.3 TNFα and TNFR1-2 expression 

Results of indirect immunofluorescence for TNFα and TNFR1-2 performed on 

specimens from prospectively enrolled patients are summarized in Table 15. 

Representative findings are presented in Figure 16. 

As expected, granulomas and inflammatory infiltrates were diffusely reactive for both 

TNFα and TNFR1-2. Moreover, cytoplasmic and/or sarcolemmal deposition along 

myofibers was commonly detected in all patients, with or without granulomas, 

including samples with minor or absent inflammatory changes. Injured/necrotic fibers 

resulted consistently reactive for both TNFα and TNFR1-2. Nevertheless, TNFα and 

TNFR1-2 were also expressed by a minority of morphologically healthy myofibers, in 

cases with both active inflammation (either close to or remote from cellular infiltrates), 

and minor or no inflammatory changes. 

The most consistent finding was however a strong endothelial staining for both TNFα 

and TNFR1-2, which was detected in each patient, whereas control cases displayed a far 

weaker endothelial immunolocalization of both markers. 

 

6.4 Discussion 

The present study assessed a cohort of 29 sarcoidosis patients who underwent muscular 

biopsy due to the presence of symptoms and/or signs of probable muscular involvement 

of the disease. Among all examined specimens, despite extensive sectioning of 

standard-sized bioptic samples, granulomas were demonstrated only in 13,8% of 
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samples, while the remaining 86,2% showed different grades of inflammatory and/or 

myopathic changes. Although the possibility of a sampling bias cannot be completely 

ruled out, albeit unlikely, this finding suggests the presence of different patterns of 

muscular involvement in sarcoidosis, not limited to granuloma-mediated muscular 

damage. This hypothesis expands the classical definition of symptomatic sarcoid 

myopathies described by the literature, which has always been limited to granulomatous 

forms with acute, chronic or nodular presentation (Silverstein, 1969; Zisman, 2002). 

Although few recent reports begin to question such “historical” approach (Cohen 

Aubart, 2018), to our knowledge no previous study has ever focused on non-

granulomatous muscular manifestations of sarcoidosis. 

Muscle samples without granulomas showed different degrees of myopathic and 

inflammatory changes, ranging from massive cellular infiltrates to minor inflammatory 

changes, namely increased expression of MHC-I and -II molecules (the former as non-

specific hallmark of muscle inflammation, the latter as more specific marker of immune 

activation) or isolated myopathic alterations. A clear predominance of CD4+ T-

lymphocytes was detected in samples with a relevant amount of cellular infiltrates, in 

line with the known CD4+ polarization of immune response in sarcoidosis localizations 

(Sakthivel, 2017). 

The overall histopathological alterations detected do not perfectly fit into anyone of the 

subgroups currently used to classify IIM (respectively PM, DM, IBM and necrotizing 

autoimmune myositis-NAM) (Dalakas, 2015), as it often occurs in MSA and MAA 

seronegative inflammatory myopathies. However, all examined specimens, with or 

without cellular infiltrates, showed various signs of endothelial damage, such as 

recurrent MAC deposits on endomysial capillaries together with swelling of capillary 

endothelium, mitochondrial swelling and necrosis of vessel walls observed in TEM. 

Mitochondrial changes, found in a proportion of our patients, have also been described 

as an associated sign in various IIM, mainly in the pathologic subgroup of 

myovasculopathies, which includes most dermatomyositis syndromes (Pestronk, 2011; 

Dalakas, 2015). These findings suggest a microvasculitic process supporting the 

generation of muscular damage in sarcoidosis patients. 

Morevoer, the demonstration of associated type II fiber atrophy in a subset of our 

samples should remind to consider steroid-induced myopathy as a possible differential 
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diagnosis or, most likely, an association between the muscular involvement of the 

underlying disease and steroid-induced muscular damage. 

The two subgroups that we identified according to pathological findings did not 

demonstrate any significant difference in clinical presentation, probably due to the 

relatively small study population. However, few peculiarities seem to emerge. Indeed, 

acute presentations and clinically evident muscular weakness were found only in the 

cellular inflammation subgroup, while patients with minor or absent inflammatory 

changes all presented with a chronic and subtle onset of purely subjective symptoms. 

Moreover, fibrous/adipose replacement was only found in patients with relevant cellular 

inflammation (including patients with granulomas). On this basis, these two clinico-

pathological patterns seem to represent a continuum, in which the increasing level of 

inflammatory changes (from their absence to their maximum extent represented by 

granuloma formation) seem to relate to an increasing severity of muscular signs and 

symptoms. 

From this perspective, the demonstration of an increased expression of TNFα and 

TNFR1-2 also in muscles with minor or no inflammatory changes strengthens this 

hypothesis and suggests that a local increase of pro-inflammatory cytokines activity 

might be the first (and sometimes the only) sign of muscular involvement in sarcoidosis. 

Similarly, it is possible to hypothesize that muscular expression of TNFα may be first 

step in the progression of muscular inflammation and that, if untreated, it may 

afterwards lead to further inflammation in muscles, including lymphocytes infiltration 

and finally granuloma formation (Peterson, 2006; Sakthivel, 2017). 

TNFα is a potent pleiomorphic proinflammatory cytokine, mainly secreted by activated 

macrophages and with multiple effects on immune system, including macrophage 

activation and differentiation, T-lymphocytes proliferation and expression of MHC 

antigens and cell adhesion molecules favoring leukocyte margination (Vassalli, 1992). 

TNFα is also considered critical for the formation of sarcoid granulomas (Sakthivel, 

2017; Lepzien, 2021). The consistent and intense endothelial expression of both TNFα 

and TNFR1-2 that we detected in the muscle of sarcoidosis patients and the 

aforementioned signs of endothelial damage in immunohistochemistry and TEM may 

further support the hypothesis of a primary microvasculitic process underlying sarcoid 

myopathy. Indeed, evidence of endothelial lesions of bronchial capillaries in sarcoidosis 

has been obtained by morphological ultrastructural investigations (Mochizuki, 2014). 
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The perivascular-limited inflammation that we detected in the skeletal muscle seems to 

indicate a shared pathogenetic mechanism, involving oxidative stress, mitochondrial 

swelling and disruption, with lipid endothelial deposits. More generally, a role of lipid 

dysmetabolism has been suggested in originating sarcoidosis (Bargagli, 2017).  

Moreover, cytoplasmic and sarcolemmal expression of TNFα and TNFR1-2 that we 

detected both along injured and morphologically healthy myofibers could play a direct 

role in developing fatigue and muscular weakness, as previously reported in 

experimental models (Reid, 2002). 

Circulating TNFα is considered as the possible cause of the loss of epidermic nerve 

fibers in sarcoidosis-associated SFN (Kidd, 2020), as suggested by the clinical 

improvement of symptoms after treatment with IVIg and TNFα inhibitors (Hoitsma, 

2006; Parambil, 2011; Tavee, 2017). Our demonstration of increased expression of 

TNFα in the skeletal muscles of patients complaining of myalgia, irrespective of 

concomitant presence or extent of inflammatory changes, may lead to hypothesize a role 

of this cytokine also in the genesis of myopathic pain. In this perspective, the clinico-

pathological picture of “minor” sarcoid inflammatory myopathy, presenting often with 

disabling myalgia but with no granulomas or cellular infiltration, could be considered, 

as well as SFN, inside the group of non-organ manifestations of sarcoidosis (Drent, 

2015) (also called parasarcoidosis or paraneurosarcoidosis (Judson, 2014; Tavee, 

2014; Datema, 2015)), together with other constitutional symptoms as fatigue, 

depression and cognitive changes. 

Finally, all these issues concerning the role of TNFα in the development of sarcoid 

myopathy and in the genesis of muscular symptoms should point out the potential 

therapeutic role of TNFα inhibitors. These drugs are already widely used as third-line 

treatment in both systemic sarcoidosis and neurosarcoidosis (Baughman, 2006; 

Jamilloux, 2017; Cohen-Aubart, 2017; Gelfand, 2017; Hutto, 2021). On the other hand, 

the use of TNFα inhibitors in IIM has been explored in several studies with conflicting 

outcomes (De Paepe, 2015) and some cases of drug-induced PM and DM have been 

reported after TNFα inhibitors treatment for other chronic inflammatory diseases 

(Brunasso, 2014). However, therapeutic implications fall beyond the scope of this 

study, and would require further investigations with properly designed trials. 
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Limitations of the present study include the partially retrospective nature of the 

sampling, the monocentric design of the study and the relatively small size of the study 

population due to the rarity of the disease. 
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CHAPTER 7: CONCLUSIONS 

 

Our research study confirmed the complexity of neurologic involvement in sarcoidosis, 

for both CNS and muscular presentations, and underlined the challenges in diagnosis, 

which are still unsolved despite recent updates of available diagnostic criteria. In fact, 

patients presenting with apparently isolated neurologic disease elude such criteria, 

requiring a critical and extensive diagnostic workup, which is mandatory and should be 

performed in strict cooperation between neurologists and pneumologists.  

In this perspective, CSF analysis for disease biomarkers may represent a powerful tool. 

The measurable concentrations of KL-6 that we detected in the CSF of CNS 

neurosarcoidosis patients reflect a new, promising, sensitive and specific biomarker of 

the disease. 

Moreover, our demonstration of different patterns of muscular involvement in 

sarcoidosis beyond granulomatous myositis expands the conventional spectrum of the 

disease. The increased TNFα and TNFR1-2 expression in skeletal muscle of sarcoidosis 

patients represents a sensitive diagnostic marker, especially in milder presentations and 

underlines the relevance of capillary endothelium as the first site of the pathological 

process. 

The relatively small size of both “central” and “muscular” study populations, due to the 

rarity of the assessed presentations, may have reduced the statistical power of our 

findings, which deserve further investigations to confirm and enforce our results. 
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