
Citation: Shoor S. Sarcoidosis: Review of Diagnosis and Treatment. Austin J Orthopade & Rheumatol. 2021; 
8(1): 1097.

Austin J Orthopade & Rheumatol - Volume 8 Issue 1 - 2021
ISSN: 2472-369X | www.austinpublishinggroup.com 
Shoor. © All rights are reserved

Austin Journal of Orthopedics & 
Rheumatology

Open Access

Abstract

Background: Sarcoidosis is a systemic heterogenous granulomatous 
disease of unknown etiology that results in inflammation of pulmonary and 
extrapulmonary sites. In a minority of patients it can result in fibrosis and 
permanent organ damage. Most commonly mentioned causes of sarcoidosis 
include atypical mycobacterium, proprionobacterium and inorganic dusts. 
Once exposed to an organic or inorganic, an Antigen Presenting Cell (APC) 
prepares and presents the antigen to a T cell and its respective HLA locus. 
In a susceptible person, this provides cytokine production, differentiation into 
T helper cells and provokes an immune response that in its early stages is 
allayed by corticosteroids or other immunomodulatory agents. In the majority 
of patients appropriate immunomodulatory therapy will control the disease and 
prevent progression. However, in 20-25 % the disease can progress and lead to 
organ damage or compromise and fibrosis. Sarcoidosis is a relatively common 
disease with an incidence of 2.3-17.8 per 100,000. It is 2-4 times more common 
in African Americans than Caucasian Americans with the mean age of onset of 
45-50 years of age. Unlike autoimmune rheumatic disease the disease occurs 
almost as commonly in men than women.

Sources: A Medline, Pub Med review from 1999-2021.

Spectrum of Disease: Sarcoidosis occurs in 90-98 % of patients during 
the course of their disease. Eleven to twenty two percent of patients have 
involvement of either the liver, Skin, ocular (uveitis), Lymph nodes and spleen. 
The upper airway, liver, CNS and heart comprise <10% of cases each and the 
bone, joints/ muscle, and hypercalcemia < 5%.

Diagnosis: With the exception of Lofgren’s and Heerfordt’syndromes the 
presence of non-caseating/necrotizing granuloma must be present on biopsy 
of at least one site and mycobacterial or fungal infections or malignancy must 
be ruled out. If clinically suspicious, Skin and peripheral lymph nodes are the 
least invasive areas for biopsy and if hilar or mediastinal nodes are suggestive, 
an EBUS approach is recommended. In organs such as the heart and CNS 
where biopsy is either insensitive or invasive, a Cardiologist and Neurologist in 
concert with a Rheumatologist can make a probable diagnosis based on clinical 
presentation, PET or MRI and exclusion of alternative diseases.

Treatment: The use of corticosteroids depends on the organ or organs 
involved, the trend and tempo of their involvement and the potential for 
reversibility. Patients with lung involvement, normal pulmonary function tests 
and limited CT appearance may be observed without steroids. If uveitis is 
present and isolated to the anterior chamber, ophthalmic steroids are indicated; 
systemic steroids are reserved for panuveitis. Cutaneous sarcoid can be 
treated with topical steroids, colchicine or a CLEAR antibiotic regimen first. 
A starting dose of 20-40 prednisone is recommended for patients with organ 
involvement deemed to be of significance or likely to progress. For example 
moderately severe respiratory sx, abnormal pulmonary function tests or CT 
images, extensive lymphadenopathy hepatic inflammation, hypercalcemia or 
symptomatic upper airway, osseous or musculoskeletal involvement.

Sarcoidosis involving the cardiac or neurologic systems, should be treated 
with 60 mg of prednisone or 1 mg/kg prednisone or IV solumedrol, depending 
on the severity and trend and tempo of the affected organ. A Cardiologist or 
Neurologist should partner with a Rheumatologist in management of cardiac 
or neurosarcoid. Imaging and clinical findings should guide duration of therapy. 

For patients who are unable to taper corticosteroids, methotrexate if the 
preferred first steroid sparing agent. Infliximab is the most commonly prescribed 
drug that is added to methotrexate for disease refractory to methotrexate.
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Definition
Sarcoidosis is a steroid responsive, systemic heterogenous 

granulomatous disease of unknown etiology that results in 
inflammation of pulmonary and extrapulmonary sites. In a minority 
of patients it can result in fibrosis and permanent organ damage [1-5].

Etiology
As the lungs are the most common target of sarcoidosis it is 

hypothesized that an organic or inorganic antigen is likely inhaled 
and provokes an immune response in bronchiolar macrophages [6-
11]. Both mycobacterium and proprionobacterium genetic signatures 
have been found in lymph nodes and whole blood of patients with 
sarcoidosis and sarcoid granulomas have been produced by these 
bacteria in several animal models(6,7,8,9) Case control studies have 
shown an increased incidence of sarcoidosis in debris workers and 
firefighters from the World Trade Center disasters and in silica 
exposed workers. Similar studies have found an increased incidence in 
agricultural workers exposed to insecticide and microbial bioaerosols 
and in industrial workers exposed to metal dust. Odd ratios in these 
studies range from 1.2-4 [11-15].

Epidemiology: The incidence of sarcoidosis ranges from 2.3 to 
17.8 new cases per 100,000 per year with the peak age of onset between 

Key points:

•	 Sarcoid is a granulomatous disease of unknown etiology whose 
appearance is most common in the lung, lymph nodes, spleen and uveal tract.

•	 With the exception of Lofgren’s and Heerfordt’ syndromes the 
presence of a granuloma (95% caseating) in a tissue biopsy of the affected 
organ with the exclusion of fungal, mycobacterial or malignant causes is 
necessary for the diagnosis.

•	 In cases of suspected cardiac or neurosarcoidosis noncaseating 
granuloma found in another location together wih MRI or PET imaging. a 
probable clinical presentation and agreement with a Cardiologist or Neurologist 
and Rheumatologist, can be used to make a diagnosis in the affected organ. 

•	 Observation alone or topical or ophthalmic steroids may be used in 
limited pulmonary disease, skin sarcoid or anterior uveitis.

•	 Corticosteroids in a starting dose of 20-40 mg prednisone or 
equivalent are recommended for organ involvement. A starting dose of 20-40 
prednisone is recommended for for patients with organ involvement deemed to 
be of significance or likely to progress, especially pulmonary, hepatic, lymphatic 
and for hypercalcemia. Dose should be maintained for 4- 8 weeks.

•	 Prednisone 60 mg or 1 mg/kg or higher dose solumedrol are indicated 
for Neuro or Cardiac sarcoid. The disease should be monitored by a Neurologic 
or Cardiologic in partnership with a Rheumatologist. Imaging and clinical 
symptoms can be used to guide duration of therapy.

•	 In an inflammatory phase, sarcoidosis is highly responsive to 
prednisone such that steroid failure should raise concern about an alternative 
diagnosis. 

•	 In patients who are corticosteroid dependent or intolerant of optimal 
doses, methotrexate is the preferred first steroid sparing agent. Leflunomide, 
mycophenolate and azathioprine are possible if methotrexate is not tolerated. 
If methotrexate is ineffective in allowing disease control and steroid tapering 
(optimally < 5mg prednisone within 3 months), infliximab is added. Subcutaneous 
Adalimumab is an alterative TNF inhibitor. Other biologics and JAK inhibitors 
are under investigation as steroid sparing alternative.

35 and 55 years of age and a mean age of 45-50. The rate is 2 to 4 
times higher in African Americans when compared to Caucasians. 
The incidence in women ranges from 45-63% [14,16-18]. 

Pathogenesis
In the presence of susceptible HLA loci, an unidentified substance 

is recognized by Antigen Presenting Cells (APCs) that produce 
cytokines and recruit and differentiate T lymphocytes into TH1 and 
TH2 cells. These lymphocytes then produce more cytokines that 
simulate the production of granulomas of which 95% are noncaseating 
or non-necrotizing. These granulomas produce additional cytokines 
such as Tumor Necrosis Factor alpha (TNF) and gamma interferon 
which evoke systemic inflammation, most often centered in the lungs 
and lymph nodes and less commonly in the uveal tract of the eye 
and the skin. In 10-20% of patients the inflammation can progress 
to fibrosis most commonly in the lungs, uncommonly in the heart or 
nervous system [19-23].

Spectrum of Disease: The lungs are initially involved or 
subsequently involved in 91-98 % of patients with the most common 
presentation being a dry cough with mild to moderate dyspnea on 
exertion, often accompanied by atypical chest pain, fatigue and 
malaise [24-28]. Fifty to sixty percent of patients have more than 
one organ involved [25]. The most common sites of extrapulmonary 
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disease, in order, are extra thoracic lymph nodes or spleen (22.8%), 
skin (20.5%) [29], eye-uveitis (12.4%) [30], liver (11.5%) [31], 
neurologic (8%) [33], ENT/parotid/salivary (6.7%) bone/joint (4.5%) 
[34-36] cardiac (3.7%) [32] hypercalcemia (3.5%), bone marrow 
(3.4%), renal or muscle (<2%) [25].

Diagnosis
The diagnosis of sarcoidosis is made on a clinical foundation, 

supported by tissue pathology. Although there are guidelines for 
making the diagnosis they are consensus not evidence based. The 
presence of noncaseating or non-necrotizing granulomas is a 
necessary criteria for diagnosis with two exceptions: Lofgren’s and 
Heerfordt’s syndromes [37]. Lofgren’s is an acute illness characterized 
by erythema nodosum, pauciarticular large joint arthritis/periarthritis 
and bilateral hilar adenopathy. Heerfordt’s is acute uveitis, parotitis, 
fevers and facial nerve palsy [1,37]. The Angiotensin Enzyme 
Inhibitor (ACE) has sensitivities ranging from 41-70 % (mean 58%) 
and a specificities of 70-80%, the latter depending on the magnitude 
of elevation beyond the normal range [39-41] Likewise, other serum 
biomarkers, IL-2, chitotriosidase, Lysozyme and KL-6 have not 
proven to be of sufficient accuracy to make a diagnosis [42,43].

The presence of noncaseating/non-necrotizing on tissue bx with 
the concomitant elimination of mycobacterial, fungal infections and 
malignancy as alternative explanations is sufficient for the diagnosis 
of sarcoidosis. Caseating/necrotizing granulomas are found in 
approximately 5% of cases of sarcoidosis but prompt a rigorous 
investigation into infectious or malignant causes of granuloma 
formation. If hilar or mediastinal adenopathy is demonstrated on a 
CT of the chest, an endoscopic biopsy (EBUS) of the affected area is 
recommended in lieu of a mediastinoscopy or VATS procedures [4]. 
As sarcoid can be detected in skin and extra thoracic lymph nodes 
in up to 30% of patients, a biopsy from one of these sites confirms 
the diagnosis obviating the need for a biopsy of intrathoracic lymph 
nodes [4,38,39]. The diagnosis of cardiac or neuosarcoidosis requires 
a different approach. Cardiac disease classically present as a serious 
brady or tachyarrhythmia, (AV nodal block or ventricular tachycardia) 
or a non- ischemic cardiomyopathy. The diagnosis is confirmed by 
either a cardiac MRI illustrating focal delayed enhancement or a PET 
scan showing focal cardiac avidity in a non -ischemic distribution 
in conjunction with the presence of noncaseating granulomas 
in a non- cardiac location. Endomyocardial biopsy is insensitive 
because of the focal or patchy distribution of the granulomas [45-
48]. Neurosarcoidosis can be diagnosed with a positive tissue biopsy 
outside of the neural network but only if other etiologies for the 
neurologic diagnosis are ruled out and the neurologic involvement is 
leptomeningeal or a cranial neuropathy, the former of which shows 
gadolinium enhancement [33,44]. Brain or leptomeningeal biopsy is 
reserved for cases where the Neurologist requests it [44]. In a minority 
of cases sarcoid uveitis has characteristic findings on Ophthalmologic 
examination that allow for a diagnosis without tissue biopsy [30]. 
As granulomatous hepatitis has a wide differential diagnosis, the 
diagnosis of hepatic sarcoid requires agreement with a hepatologist 
or demonstration of noncaseating granulomas in another organ [31].

Treatment: First determine the extent of disease [1,4,49]. As 30-
60 % of patients have sarcoid in more than one organ, it is necessary 
to define the extent of the disease. In order to determine whether 

therapy is indicated it is advisable to first search for extra thoracic 
disease [49-51]. A neurologic and cardiac history and exam should 
screen for central or peripheral nervous disease, a cardiomyopathy 
or arrhythmias. An Opthalmologist should search for uveitis. Initial 
diagnostic studies should include a metabolic panel, CBC and EKG. 
If there is suspicion of cardiac or neurologic disease a specialist 
should be consulted to determine the need for advanced imaging 
(echocardiogram, Cardiac MRI, PET scan, Brain/spinal cord MRI, 
CSF exam) [4].

Second, assess whether observation without systemic steroid 
therapy is possible [51,52-61]. if disease is found only in the lungs 
a pulmonologist should assess the patient and with the assistance of 
Pulmonary Function Tests and a chest CT decide whether observation 
will substitute for corticosteroids. For example, if pulmonary disease 
limited to hilar adenopathy with no suspicion of interstitial or 
reactive airways disease and no or negligible pulmonary symptoms, 
observation without treatment is recommended [1,4,61-69]. In cases 
of isolated anterior uveitis, ophthalmic steroids can be used to control 
the disease but if posterior uveitis or retinal disease is are present, 
systemic steroids are indicated [70]. Isolated dermatologic sarcoid 
can be managed with topical steroids, colchicine or an CLEAR 
regimen (Combination Levofloxacin, Ethambutol, Azithromycin & 
Rifampin) [29].

Third if immunomodulatory therapy is indicated, corticosteroids 
should be started in a dose of 20-40 mg prednisone or its equivalent 
in symptomatic sites other than neurologic or cardiac [1,57,58,67]. 
In these cases 60 mg or more of prednisone should be given [53-55]. 
Testing for latent tuberculosis and assessment of bone health should be 
performed. In doses of 20 mg or more of prednisone or its equivalent, 
prophylaxis for Pneumocystis Jirovecci is routine at Stanford. In my 
experience and that of many colleagues, a very high proportion of 
patients will show improvement in disease manifestations within 2-6 
weeks of initiating steroid therapy. Failure to respond should prompt 
a reconsideration of the diagnosis.

There are no evidence based guidelines, nor consensus on the 
duration of steroid therapy but there is general agreement that 
the starting dose should be maintained, if possible, for at least 4-8 
weeks [51,52,58,59]. Depending on the severity of the disease and 
its trend and tempo, tapering should begin as soon as possible with 
dose reduction of 10-20 % every two weeks. One should remember 
that there can be a lag between a prednisone dose reduction and a 
relapse that may not become apparent for a number of weeks [63]. 
A minority of patients will be able to taper off steroids entirely and 
can be observed for disease recurrence. However, the majority will 
have disease recurrence off steroids or be unable to taper the dose 
of prednisone or its equivalent to less than 5 mg without a flare. 
Assuming that there is not an alternative explanation for a patients’ 
symptoms, non -adherence or steroid side effects [63], if a patient 
cannot taper to 5 mg or less within a period of 2-3 months, then 
steroid sparing agents must be considered [51,52,57,58,61]. Although 
there are insufficient controlled trials to guide therapy, methotrexate 
is the most effective and commonly prescribed initial non-steroid 
immunomodulatory agent chosen. Should methotrexate fail to 
maintain disease stability with steroid reduction, TNF inhibitors are 
added to methotrexate or substituted if methotrexate is not tolerated. 
IV infliximab is the best documented of this class of biologics, 
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although adalimumab also has shown efficacy [56]. For patients 
intolerant of methotrexate but in whom the clinician believes an oral 
immunosuppressive should be used in combination with an anti-TNF 
agent, azathioprine, leflunomide or mycophenolate are have been 
effective in cohorts, cases or small groups [53,58,59]. Other steroid 
sparing agents such as the JAK inhibitor tofacitinib, the anti-TNF 
golimumab, IL- 6 inhibitors and the IL 12/23 inhibitor ustekinumab 
have shown preliminary success in uncontrolled trials [61,63,65,66].

Follow-up intervals for sarcoid are not standardized. However, 
one should keep in mind that as many as 50% of patients will have 
a remission in 3 years, and 66% in 10 years, and yet, approximately 
1/3rd of patients will have complications of vital organs (lungs, heart, 
CNS, hepatic, renal) with progressive disease [25,27,50,67,69]. 
One should also remember that the status of pulmonary, ocular, 
cutaneous and hepatic sarcoid sarcoid are easier to monitor than 
cardiac or neurologic disease and that involvement of three of more 
organs, stage 3 or 4 chest radiograph, posterior uvieits, age >40, 
African American heritage, hypercalcemia, the extent of cardiac or 
neurologic disease, lupus pernio and >6 months are risk factors for 
disease recurrence [25-27,37,39,50].

Summary: Sarcoidosis is a systemic steroid 
responsivegranulomatous disease of unproven etiology that 
presents most commonly in the lung and uveal tract, extrathoracic 
lymph nodes, spleen and skin whose diagnosis is made by the 
presence of noncaseating/necrotizing granulomas in the absence 
of mycobacterial, fungal infections or malignancy. It affects more 
than one organ in 30% of patients and is recurrent or progressive 
in 1/3rd Although neurologic and cardiac disease is present in only 
about 12% of patients MRI or PET imaging and a characteristic 
clinical presentation are necessary to make the diagnosis. Patients 
with disease that is limited to the skin or anterior uveal tract can be 
treated with topical or ophthalmic steroids and patients with limited, 
symptomless or minimally symptomatic, non progressive pulmonary 
disease can potentially be observed without therapy. All other 
patients respond well to doses of prednisone ranging from 10-40 
mg (skin, pulmonary, ENT) to 60 mg or more (cardiac, neurologic). 
The majority of patients however, are unable to taper off steroids 
and will require steroid sparing immunomodulatory therapy, most 
commonly methotrexate and/or infliximab. The disease is progressive 
and results in fibrosis and permanent organ dysfunction in a minority 
of patients, most commonly when there is significant involvement of 
the heart, CNS, lung or posterior uveal tract and in the presence of 
risk factors.

References
1.	 Baughman RP, Valeyre D.  Sarcoidosis A Clinician Guide. Science Direct. 

2019.

2.	 Statement on sarcoidosis. Joint Statement of the American Thoracic Society 
(ATS), the European Respiratory Society (ERS) and the World Association of 
Sarcoidosis and Other Granulomatous Disorders (WASOG) adopted by the 
ATS Board of Directors and by the ERS Executive Committee. Am J Respir 
Crit Care Med. 1999; 160: 736–755.

3.	 Judson MA. The diagnosis of sarcoidosis. Clin Chest Med. 2008; 29: 415-
427.

4.	 Crouser ED, Maier LA, Wilson KC, Bonham CA, Morgenthau AS, Patterson 
KC, et al. Baughman; on behalf of the American Thoracic Society Assembly 
on Clinical Journal of Respiratory and Critical Care Medicine. Diagnosis and 
Detection of Sarcoidosis. An Official American Thoracic Society Clinical 

Practice Guideline.  American Journal of Respiratory and Critical Care 
Medicine Volume. 2020; 201: e26-e51.

5.	 Heinle, R. Diagnostic Criteria for Sarcoid. Autoimmune Reviews. 2014; 13: 
383–387.

6.	 Celada, LJ, Hawkins,C, DrakeWP.  The Etiologic Role of Infectious Antigens 
in Sarcoidosis Pathogenesis. Clin Chest Med. 2015; 36: 561–568.

7.	 Drake WP, Newman LS. Mycobacterial antigens may be important in 
sarcoidosis pathogenesis. Curr Opin Pulm Med. 2006; 12: 359-363.

8.	 Oswald-Richter KA, Drake WP. The etiologic role of infectious antigens in 
sarcoidosis pathogenesis. Semin Respir Crit Care Med. 2010; 31: 375-379.

9.	 Yamaguchi T, Costabel U, McDowell A, Guzman J, Uchida K, Ohashi K, 
et al. Immunohistochemical Detection of Potential Microbial Antigens in 
Granulomas in the Diagnosis of Sarcoidosis. J Clin Med. 2021; 2; 983.

10.	Chen ES, Moller DR. Etiologies of Sarcoidosis.  Clinic Rev. Allerg Immunol. 
2015. 49: 6-18.

11.	Beijer E, Veltkamp M, Meek B, Moller DR.  Etiology and Immunopathogenesis. 
Seminars in Respiratory and Critical Care Medicine. 2017: 38.

12.	Blanc PD, Annesi-Maesano I. Balmes JR, Cummings KJ, Fishwick D, 
Miedinger D, et al. The Occupationsl Burden of Nonmalignant Respiratory 
Diseases.  An Official American Thoracic Society and European Respiratory 
Society Statement.  American Journal of Respiratory and Critical Care 
Medicine.  2019; 199: 1321-1334.

13.	Ramos-Casals M, Kostov B, Brito-Zeron P, Siso-Almirall A, Baughman RP. 
How the Frequency and Phenotype of Sarcoidosis is Driven by Environmental 
Determinants. 2019. 197: 427-436.

14.	Terwiel M, van Moorsel CHM. Clinical Epidemiology of Familial Sarcoidosis: 
A Systemic Literature Review. 2019; 149:  36-41.

15.	Rossman D, Kreider ME. Lesson Learned from ACCESS (A Case Controlled 
Etiologic Study of Sarcoidosis). Am Thorac Soc. 2007; 4: 453-456.

16.	Arkema EV, Cozier YC. Epidemiology of sarcoidosis: current findings and 
future directions. Ther Adv Chronic Dis. 2018; 9: 227–240.

17.	Arkema EV, Cozier YC. Sarcoidosis epidemiology: recent estimates of 
incidence, prevalence and risk factors.Curr Opin Pulm Med. 2020; 26: 527-
534.

18.	Sawahata M, Sugiyama Y.  An Epidemiological Perspective on the Pathology 
and Etiology of Sarcoidosis. Sarcoidosis Vasculitis and Diffuse Lung 
Diseases. 2016; 33; 112-116.

19.	Zissel G, Muller-Quernheim J. Cellular Players in the Immunopathogenesis of 
Sarcoidosis. Clin Chest Med. 2015; 38: 549–560.

20.	Bross CE, Hendriks RW, Kool M. T-cell Immunology in Sarcoidosis: Disruption 
of a Delicate Balance between Helper and Regulatory T-cells.  Curr Opin 
Pulm Med. 2016; 22: 476–483.

21.	Zissel G. Cellular Activation in the Immune Response of Sarcoidosis. Semin 
Respir Crit Care Med. 2014; 35: 307–315.

22.	Fingerlin TE, Hamzeh N. Genetics of Sarcoidosis. Clin Chest Med. 2015; 36: 
569–584.

23.	Cinetto F, Scarpa R, Dell’Edera A, Jones MG. Immunology of sarcoidosis: 
old companions, new relationships. Curr Opin Pulm Med. 2020; 26: 535-543.

24.	West S. Current Management of Sarcoidosis I.  Pulmonary, Cardiac and 
Neurologic Manifestations. Curr Opin Rheumatol. 2018; 30: 243–248.

25.	Te HS, Perlman DM, Shenoy C, Steinberg DJ, Cogswell RJ, Roukoz H, et 
al.  Clinical Characteristics and Organ System Involvement in Sarcoidosis:  
Comparison of the University of Minnesota Cohort with other Cohorts. BMC 
Pulmonary Medicine. 2020; 20: 155.

26.	Gerke AK, Judson MA, Cozier YC, Culver DA, Koth LL. Disease Burden and 
Variability in Sarcoidosis. Ann Am Thorac Soc. 2017; 14: S421–S428.

27.	Valeyre D, Prasse A, Nunes H, Uzunhan Y, Brillet PY, Muller-Quernheim J. 
Sarcoidosis. Lancet. 2014; 383: 1155–1167.

https://pubmed.ncbi.nlm.nih.gov/10430755/
https://pubmed.ncbi.nlm.nih.gov/10430755/
https://pubmed.ncbi.nlm.nih.gov/10430755/
https://pubmed.ncbi.nlm.nih.gov/10430755/
https://pubmed.ncbi.nlm.nih.gov/10430755/
https://pubmed.ncbi.nlm.nih.gov/18539235/
https://pubmed.ncbi.nlm.nih.gov/18539235/
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.atsjournals.org/doi/10.1164/rccm.202002-0251ST
https://www.sciencedirect.com/science/article/abs/pii/S1568997214000470
https://www.sciencedirect.com/science/article/abs/pii/S1568997214000470
https://pubmed.ncbi.nlm.nih.gov/26593133/
https://pubmed.ncbi.nlm.nih.gov/26593133/
https://pubmed.ncbi.nlm.nih.gov/16926652/
https://pubmed.ncbi.nlm.nih.gov/16926652/
https://pubmed.ncbi.nlm.nih.gov/20665387/
https://pubmed.ncbi.nlm.nih.gov/20665387/
https://pubmed.ncbi.nlm.nih.gov/33801218/
https://pubmed.ncbi.nlm.nih.gov/33801218/
https://pubmed.ncbi.nlm.nih.gov/33801218/
https://pubmed.ncbi.nlm.nih.gov/25771769/
https://pubmed.ncbi.nlm.nih.gov/25771769/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1603087
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0037-1603087
https://pubmed.ncbi.nlm.nih.gov/31149852/
https://pubmed.ncbi.nlm.nih.gov/31149852/
https://pubmed.ncbi.nlm.nih.gov/31149852/
https://pubmed.ncbi.nlm.nih.gov/31149852/
https://pubmed.ncbi.nlm.nih.gov/31149852/
https://pubmed.ncbi.nlm.nih.gov/31190130/
https://pubmed.ncbi.nlm.nih.gov/31190130/
https://pubmed.ncbi.nlm.nih.gov/31190130/
https://pubmed.ncbi.nlm.nih.gov/30587386/
https://pubmed.ncbi.nlm.nih.gov/30587386/
https://pubmed.ncbi.nlm.nih.gov/17684288/
https://pubmed.ncbi.nlm.nih.gov/17684288/
https://pubmed.ncbi.nlm.nih.gov/30364496/
https://pubmed.ncbi.nlm.nih.gov/30364496/
https://pubmed.ncbi.nlm.nih.gov/32701677/
https://pubmed.ncbi.nlm.nih.gov/32701677/
https://pubmed.ncbi.nlm.nih.gov/32701677/
https://www.researchgate.net/publication/305808211_An_epidemiological_perspective_on_the_pathology_and_etiology_of_sarcoidosis
https://www.researchgate.net/publication/305808211_An_epidemiological_perspective_on_the_pathology_and_etiology_of_sarcoidosis
https://www.researchgate.net/publication/305808211_An_epidemiological_perspective_on_the_pathology_and_etiology_of_sarcoidosis
https://pubmed.ncbi.nlm.nih.gov/26593132/
https://pubmed.ncbi.nlm.nih.gov/26593132/
https://pubmed.ncbi.nlm.nih.gov/27379969/
https://pubmed.ncbi.nlm.nih.gov/27379969/
https://pubmed.ncbi.nlm.nih.gov/27379969/
https://pubmed.ncbi.nlm.nih.gov/25007083/
https://pubmed.ncbi.nlm.nih.gov/25007083/
https://pubmed.ncbi.nlm.nih.gov/26593134/
https://pubmed.ncbi.nlm.nih.gov/26593134/
https://pubmed.ncbi.nlm.nih.gov/32701676/
https://pubmed.ncbi.nlm.nih.gov/32701676/
https://pubmed.ncbi.nlm.nih.gov/29389828/
https://pubmed.ncbi.nlm.nih.gov/29389828/
https://pubmed.ncbi.nlm.nih.gov/32487134/
https://pubmed.ncbi.nlm.nih.gov/32487134/
https://pubmed.ncbi.nlm.nih.gov/32487134/
https://pubmed.ncbi.nlm.nih.gov/32487134/
https://pubmed.ncbi.nlm.nih.gov/29087725/
https://pubmed.ncbi.nlm.nih.gov/29087725/
https://pubmed.ncbi.nlm.nih.gov/24090799/
https://pubmed.ncbi.nlm.nih.gov/24090799/


Austin J Orthopade & Rheumatol 8(1): id1097 (2021)  - Page - 05

Shoor S Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

28.	Dubrey S, Sharma R, Underwood R, Mittal T, Wells A. Sarcoidosis of the 
Cardio-Pulmonary Systems. Clin Med (Lond). 2016; 16: 34-41.

29.	Noe MH, Rosenbach M.  Cutaneous Sarcoidosis. Curr Opin Pulm Med. 2017; 
23: 482-486.

30.	Pasadhika, S, Rosenbaum, JT.  Ocular Sarcoidosis. Clin Chest Medd. 2015; 
36: 669–683.

31.	Rossi G, Ziol M, Roulet D, Valeyre D, Mahevas M. Hepatic Sarcoidosis: 
Current Concepts and Treatments.  Semin Respir Crit Care Med. 2020; 41: 
652–658.

32.	Birnie D, Ha ACT, Gula LJ, Chakrabarti S, Beanlands RSB, Nery P. Cardiac 
Sarcoidosis. Clin Chest Med. 2015; 36: 657–668.

33.	Tavee, JO, Stern, BJ.  Neurosarcoidosis. Clin Chest Med. 2015; 36: 643–656.

34.	Ungprasert P, Crowson CS, Matteson EL. Clinical Characteristics of Sarcoid 
Arthropathy: A Population-Based Study. Arthritis Care & Research. 2016; 68: 
695–699.

35.	Bechman K, Christidis D, Walsh S, Surinder B, Galloway J. A Review of the 
Musculoskeletal Manifestations of Sarcoidosis.  Rheumatology (Oxford). 
2018; 57: 777-783.

36.	Patil S, Hilliard CA, Arakane M, Jenigiri SK, Field EH, Singh N. Musculoskeletal 
sarcoidosis: A single center experience over 15 years. Int J Rheum Dis. 2021; 
24: 533-541.

37.	Bickett AN, Lower EE, Baughman RP. Sarcoidosis Diagnostic Score: A 
Systematic Evaluation to Enhance the Diagnosis of Sarcoidosis. Chest. 2018 
11; 154: 1052-1060.

38.	Judson MA, Costabel U, Drent M, Wells A, Maier L, Koth L, et al. Organ 
Assessment Instrument Investigators TW. The WASOG Sarcoidosis Organ 
Assessment Instrument: An update of a previous clinical tool. Sarcoidosis 
Vasc Diffuse Lung Dis. 2014; 31: 19-27.

39.	Ungprasert P, Eva M, Carmona EM, Cynthia S, Crowson CS, Matteson 
EL. Diagnostic Utility of Angiotensin Converting  Enzyme in Sarcoidosis:  A 
Population Based Study. Lung. 2016; 194: 91–95.

40.	Sejdic A, Graudal N, Baslund B. Clinical and biochemical presentation of 
sarcoidosis with high and normal serum angiotensin-converting enzyme. 
Scandinavian Journal of Rheumatology. 2017; 47: 487-490.

41.	Yasar Z, Özgül MA, Cetinkaya E, Kargı A, Gül S, Talay F, et al. Angiotensin-
Converting Enzyme as a Predictor of Extrathoracic Involvement of 
Sarcoidosis. Sarcoidosis Vasculitis and Diffuse Lung Diseases. 2015; 32; 
318-332.

42.	Bergantini L, Bianchi F, Cameli P, Mazzei MA, Fui A, Sestini P, et al. 
Prognostic Biomarkers of Sarcoidosis: A Comparative Study of Serum 
Chitotriosidase, ACE, Lysozyme, and KL-6. Disease Markers. 2019: 1-7.

43.	Schimmelpennink MC, Quanjel M, Vorselaars ADM, Wiertz I, Veltkamp M, 
Van Moorsel CHM, Grutters JC. Value of serum soluble interleukin-2 receptor 
as a diagnostic and predictive biomarker in sarcoidosis, Expert Review of 
Respiratory Medicine. 2020; 14: 749-756.

44.	Kidd DP. Sarcoidosis of the Central Nervous System: Clinical Features, 
Imaging, and CSF Results. Journal of Neurology. 2018; 265: 1906–1915.

45.	Tan JL, Fong HK, Birati EY, Han Y.  Cardiac Sarcoidosis. Am J Cardiol 2019; 
123: 513−522.

46.	Sgard B, Brillet PY, Bouvry D, Djelbani S, Nunes H, Meune C, et al. Evaluation 
of FDG PET combined with cardiac MRI for the Diagnosis and Therapeutic 
Monitoring of Cardiac Sarcoidosis. Clinical Radiology. 2019; 74: 81.e9-81.
e18.

47.	Guidry C, Fricke RG, Ram R, Pandey T, Jambhekar K. Imaging of Sarcoidosis 
a Contemporary Review.  Radiol Clin N Am. 2016; 54: 519–534.

48.	Valentin RC, Bhambhvani P. The Logic and Challenges of Imaging 
Sarcoidosis with Whole Body FDG PET. J Nucl Cardiol. 2019; 26: 493–496.

49.	Ungprasert P, Ryu JH, Matteson EL. Clinical Manifestations, Diagnosis and 
Treatment of Sarcoidosis. Mayo Clinic proceedings. Innovations, quality & 
outcomes. 2019; 3: 358-375.

50.	Nunes H. Sarcoidosis. Orphanet J Rare Dis. 2007: 2: 46.

51.	Nunes H, Jeny F, Bouvry D, Uzunhan Y, Valeyre D. Indications for Treatment 
of Sarcoidosis. Curr Opin Pulm Med. 2019; 25: 505–518.

52.	Culver DA, Judson MA. New Advances in the Management of Pulmonary 
Sarcoidosis. BMJ. 2019; 367: l5553.

53.	Kouranos V, Wells AU, Sharma R. Treatment of Cardiac Sarcoidosis. Curr 
Opin Pulm Med. 2019; 25: 519–525.

54.	Simonen P, Lehtonen J, Kupari M. Long-Term Outcomes in Probable versus 
Absolute Cardiac Sarcoidosis. Am J Cardiol 2019; 123 :674−678.

55.	Ballul T, Borie R, Crestani B, Daugas E, Descamps V, Dieude P, et al. 
Treatment of Cardiac Sarcoidosis:  A Comparative Study of Steroids and 
Steroid plus immunosuppressive drugs. International Journal of Cardiology. 
2019; 276: 208-211.

56.	Adler BL, Wang CJ, Bui T-L, Schilperoort HM, Armstrong AW. Anti-Tumor 
Necrosis Factor Agents in Sarcoidosis:  A Systematic Review of Efficacy and 
Safety. Seminars in Arthritis and Rheumatism. 2019.

57.	Gerke A. Treatment of Sarcoidosis: A Multidisciplinary Approach. Front. 
Immunol. 2020; 11: 545413.

58.	Sellares J, Francesqui J, Llabres M, Hernandez-Gonzalez F, Baughman RP. 
Current Treatment of Sarcoidosis.  Curr Opin Pulm Med. 2020; 26: 591–597.

59.	Baughman RP, Scholand MB, Rahaghi FF. Clinical Phenotyping: Role in 
Treatment Decisions in Sarcoidosis. Eur Respir Rev. 2020; 29: 190145.

60.	Boleto G, Vierira M, Desb O, Saadoun D, Cacob P. Emerging Molecular 
Targets for the Treatment of Refactory Sarcoidosis. 2020; 7: 594133.

61.	Aman P, Daniel A. Culver Knowing when to use steroids, immunosuppressants 
or biologics for the treatment of sarcoidosis, Expert Review of Respiratory 
Medicine. 2020; 14: 285-298.

62.	Miedema JR, Bonella F, Grunewald J. Looking into the future of Sarcoidosis: 
What is next for Treatment.  Curr Opin Pulm Med. 2020, 26: 598–607.

63.	Judson MA. Corticosteroid-Sparing Drugs in Sarcoidosis: How Should We 
Assess Them. Lung. 2021; 199: 85–86.

64.	Damsky W, Young BD, Sloan B, Miller EJ, Obando JA, King B. Treatment 
of Multiorgan Sarcoidosis with Tofacitinib. ACR Open Rheumatology. 2020; 
2: 106-109.

65.	Judson MA. Editorial: Antifibrotic Drugs for Pulmonary Sarcoidosis: A 
Treatment in Search of an Indication. Respiratory Medicine. 2021; 180: 
106371.

66.	Patel DC, Valeyre D. Advanced pulmonary sarcoidosis. Curr Opin Pulm Med. 
2020; 26: 574-581.

67.	Ahmadzai H. Sarcoidosis: State of the Art Review.  Med J Aust. 2018; 208: 
499-504.

68.	Judson MA, Costabel U, Drent M, Wells A, Maier L, Koth L, et al. Organ 
Assessment Instrument Investigators TW. The WASOG Sarcoidosis Organ 
Assessment Instrument: An update of a previous clinical tool. Sarcoidosis 
Vasc Diffuse Lung Dis. 2014; 31: 19-27.

69.	Baughman RP, Tillinger M, Qin Y, Sweiss N, Lower EE. A composite score 
to assess treatment response in pulmonary sarcoidosis: the Sarcoidosis 
Treatment Score (STS). Sarcoidosis Vasc Diffuse Lung Dis. 2019; 36 :86-88.

70.	Hwang DK, Sheu SJ. An Update on the Diagnosis and Management of 
Ocular Sarcoidosis. Curr Opin Ophthalmol. 2020; 31: 521-531.

https://pubmed.ncbi.nlm.nih.gov/26833512/
https://pubmed.ncbi.nlm.nih.gov/26833512/
https://pubmed.ncbi.nlm.nih.gov/28598873/
https://pubmed.ncbi.nlm.nih.gov/28598873/
https://pubmed.ncbi.nlm.nih.gov/26593141/
https://pubmed.ncbi.nlm.nih.gov/26593141/
https://pubmed.ncbi.nlm.nih.gov/32777850/
https://pubmed.ncbi.nlm.nih.gov/32777850/
https://pubmed.ncbi.nlm.nih.gov/32777850/
https://pubmed.ncbi.nlm.nih.gov/26593140/
https://pubmed.ncbi.nlm.nih.gov/26593140/
https://pubmed.ncbi.nlm.nih.gov/26593139/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4809781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4809781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4809781/
https://pubmed.ncbi.nlm.nih.gov/28968840/
https://pubmed.ncbi.nlm.nih.gov/28968840/
https://pubmed.ncbi.nlm.nih.gov/28968840/
https://pubmed.ncbi.nlm.nih.gov/33559378/
https://pubmed.ncbi.nlm.nih.gov/33559378/
https://pubmed.ncbi.nlm.nih.gov/33559378/
https://pubmed.ncbi.nlm.nih.gov/29778660/
https://pubmed.ncbi.nlm.nih.gov/29778660/
https://pubmed.ncbi.nlm.nih.gov/29778660/
https://pubmed.ncbi.nlm.nih.gov/26563332/
https://pubmed.ncbi.nlm.nih.gov/26563332/
https://pubmed.ncbi.nlm.nih.gov/26563332/
https://pubmed.ncbi.nlm.nih.gov/29929412/
https://pubmed.ncbi.nlm.nih.gov/29929412/
https://pubmed.ncbi.nlm.nih.gov/29929412/
https://pubmed.ncbi.nlm.nih.gov/26847099/
https://pubmed.ncbi.nlm.nih.gov/26847099/
https://pubmed.ncbi.nlm.nih.gov/26847099/
https://pubmed.ncbi.nlm.nih.gov/26847099/
https://www.hindawi.com/journals/dm/2019/8565423/
https://www.hindawi.com/journals/dm/2019/8565423/
https://www.hindawi.com/journals/dm/2019/8565423/
https://pubmed.ncbi.nlm.nih.gov/32248706/
https://pubmed.ncbi.nlm.nih.gov/32248706/
https://pubmed.ncbi.nlm.nih.gov/32248706/
https://pubmed.ncbi.nlm.nih.gov/32248706/
https://pubmed.ncbi.nlm.nih.gov/29922952/
https://pubmed.ncbi.nlm.nih.gov/29922952/
https://pubmed.ncbi.nlm.nih.gov/30503798/
https://pubmed.ncbi.nlm.nih.gov/30503798/
https://pubmed.ncbi.nlm.nih.gov/30482560/
https://pubmed.ncbi.nlm.nih.gov/30482560/
https://pubmed.ncbi.nlm.nih.gov/30482560/
https://pubmed.ncbi.nlm.nih.gov/30482560/
https://pubmed.ncbi.nlm.nih.gov/27153786/
https://pubmed.ncbi.nlm.nih.gov/27153786/
https://pubmed.ncbi.nlm.nih.gov/28819901/
https://pubmed.ncbi.nlm.nih.gov/28819901/
https://pubmed.ncbi.nlm.nih.gov/31485575/
https://pubmed.ncbi.nlm.nih.gov/31485575/
https://pubmed.ncbi.nlm.nih.gov/31485575/
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-2-46
https://pubmed.ncbi.nlm.nih.gov/31365385/
https://pubmed.ncbi.nlm.nih.gov/31365385/
https://pubmed.ncbi.nlm.nih.gov/31641045/
https://pubmed.ncbi.nlm.nih.gov/31641045/
https://pubmed.ncbi.nlm.nih.gov/31365386/
https://pubmed.ncbi.nlm.nih.gov/31365386/
https://pubmed.ncbi.nlm.nih.gov/30527771/
https://pubmed.ncbi.nlm.nih.gov/30527771/
https://pubmed.ncbi.nlm.nih.gov/30527995/
https://pubmed.ncbi.nlm.nih.gov/30527995/
https://pubmed.ncbi.nlm.nih.gov/30527995/
https://pubmed.ncbi.nlm.nih.gov/30527995/
https://pubmed.ncbi.nlm.nih.gov/30446173/
https://pubmed.ncbi.nlm.nih.gov/30446173/
https://pubmed.ncbi.nlm.nih.gov/30446173/
https://pubmed.ncbi.nlm.nih.gov/33329511/
https://pubmed.ncbi.nlm.nih.gov/33329511/
https://pubmed.ncbi.nlm.nih.gov/32701680/
https://pubmed.ncbi.nlm.nih.gov/32701680/
https://pubmed.ncbi.nlm.nih.gov/32198217/
https://pubmed.ncbi.nlm.nih.gov/32198217/
https://pubmed.ncbi.nlm.nih.gov/33330556/
https://pubmed.ncbi.nlm.nih.gov/33330556/
https://pubmed.ncbi.nlm.nih.gov/31868547/
https://pubmed.ncbi.nlm.nih.gov/31868547/
https://pubmed.ncbi.nlm.nih.gov/31868547/
https://pubmed.ncbi.nlm.nih.gov/32657837/
https://pubmed.ncbi.nlm.nih.gov/32657837/
https://pubmed.ncbi.nlm.nih.gov/33825967/
https://pubmed.ncbi.nlm.nih.gov/33825967/
https://onlinelibrary.wiley.com/doi/full/10.1002/acr2.11112
https://onlinelibrary.wiley.com/doi/full/10.1002/acr2.11112
https://onlinelibrary.wiley.com/doi/full/10.1002/acr2.11112
https://pubmed.ncbi.nlm.nih.gov/33798872/
https://pubmed.ncbi.nlm.nih.gov/33798872/
https://pubmed.ncbi.nlm.nih.gov/33798872/
https://pubmed.ncbi.nlm.nih.gov/32740378/
https://pubmed.ncbi.nlm.nih.gov/32740378/
https://pubmed.ncbi.nlm.nih.gov/29719195/
https://pubmed.ncbi.nlm.nih.gov/29719195/
https://pubmed.ncbi.nlm.nih.gov/24751450/
https://pubmed.ncbi.nlm.nih.gov/24751450/
https://pubmed.ncbi.nlm.nih.gov/24751450/
https://pubmed.ncbi.nlm.nih.gov/24751450/
https://pubmed.ncbi.nlm.nih.gov/32476940/
https://pubmed.ncbi.nlm.nih.gov/32476940/
https://pubmed.ncbi.nlm.nih.gov/32476940/
https://pubmed.ncbi.nlm.nih.gov/33009085/
https://pubmed.ncbi.nlm.nih.gov/33009085/

	Title
	Abstract
	Definition
	Etiology
	Pathogenesis
	Diagnosis
	References

