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Sarcoidosis is a multisystem  granulomatous disorder 
of unknown cause(s)

 young and middle-aged adults

 increased risk for the disease among family members

 genetically complex disease - many genes contributing
 the strongest genetic associations within human

leukocyte antigen (HLA) - region on chromosome 6

Disease progression      death due to progressive ILD, PH 
or to cardiac or CNS involvement 

Lung                  90% Lymph nodes     75-90%

Liver                       60-90% Spleen                     50-60%

Skin lesions            25% Heart                       5%

Ocular lesions        25% Nervous system      5%

Joints                      25-50% Bone marrow           15-40%

Bones                       5% Parotid gland           10%
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The interaction between antigen-

presenting cells (APCs) expressing HLA 

class II molecules and CD4+ T 

lymphocytes is considered pivotal for 

the inflammatory process that 

eventually leads to granuloma 

formation

Iannuzzi M, et al. NEJM 2007

Immunopathogenesis



Sarcoidosis Granuloma

The sarcoid granuloma usually consists of  a
compact (organized) collection of  mononuclear phagocytes 

(macrophages and epithelioid cells)

There is no necrosis within the sarcoid granuloma; 
on occasion, there is a small to moderate amount of  necrosis 

Giant cells fuse within the sarcoid granuloma to form 
multinucleated giant cells. These granulomas are typically 

surrounded by lymphocytes in the periphery

A variety of inclusions may be present within the sarcoid 
granuloma ( e.g. asteroid bodies, Schaumann’s bodies, birefringent 

crystals, and Hamazaki–Wesenberg bodies; these inclusions are
not specific or diagnostic of sarcoidosis.

AJRCCM 1999
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Epidemiology

Greece 1,07

Rybicki A, et al. Semin Respir Crit Care Med 2007
Karakatsani A, et al. Respir Med 2007



Brito-Zeron P. Clin Exp Rheumatol 2019

Radiological patterns and extrathoracic WASOG organ-by-organ involvements in the three ethnic 
groups most frequently reported in sarcoidosis

Epidemiology



Clinical Aspects

 Presentation depends on the extent and severity
of the organ/s involved

 Approximately 5% of cases are asymptomatic
and incidentally detected by CXR

 Systemic symptoms  occur in 45% of cases:
Fever Anorexia
Fatigue Night sweats
Weight loss 

 Dyspnea on exertion, cough, chest pain occur in 50% of cases.

AJRCCM 1999



Löfgren's syndrome

An acute presentation consisting of:

• Fever
• Arthralgia
• Erythema nodosum 
• Bilateral hilar adenopathy (BHL)

• Occurs in 9 to 34% of patients.



Heerford's syndrome 

• Anterior Uveitis
• Fever (often)
• Parotid enlargement
• Facial palsy (often)



Sarcoidosis – multisystem disease

Ο ασθενής με τη νόσο 
«προσεγγίζει και προσεγγίζεται» 

(από) γιατρούς διαφόρων ειδικοτήτων



Sarcoidosis
The central role of pulmonary specialist

Since the intrathoracic manifestations are the most frequent, and 
the pulmonary specialist usually sees most of  the patients

If  there is a need for consultation of  another organ specialist 
during the follow-up, the pulmonary physician will transfer the 

patient, but should keep the general management of  the patient 
during the course of  his disease

The management of  patients with sarcoidosis requires a
multidisciplinary approach



AJRCCM 1999

Prognostic information

Staging of Sarcoidosis on the basis of Chest X-ray
Scadding staging



Sarcoidosis – Chest CT  features



Sarcoidosis – Chest CT  features



Sarcoidosis – Chest CT  features



Adams H, et al. Semin Respir Crit Care Med 2014
Keijers R et al. ERJ 2012

Lower radiation exposure (4mSv)  - expensive – disponibility – false positives in Ca

When favoring an all-in-one or a so-called one-stop-shop examination of cardiac and 
extra-CS, FDG PET imaging is the modality of choice.



Valeyre D, et al. Semin Respir Crit Care Med 2014

Biomarkers

Angiotensin converting enzyme,(sACE), produced by 
epithelioid cells is often used at diagnosis and for 

sarcoidosis monitoring

sACE is not accurate for diagnosing sarcoidosis because of a
lack of both sensitivity and specificity, even after correction for a
genetic insertion or deletion polymorphism that affects serum concentrations

The use of a sACE threshold level of 2N gives a specificity
higher ~90% but with a poor sensitivity, ~55%

sACE can be increased in multiple conditions including those
with clinical or pathological manifestations similar to
sarcoidosis (e.g., tuberculosis, histoplasmosis, leprosy, lymphomas,
asbestosis, Silicosis, diabetes mellitus, hyperthyroidism, LAM, Gaucher disease,
or chronic beryllium disease, granulomatosis-associated common variable
immune deficiency and drug-induced granulomatosis)

sACE



Costabel U, et al. Semin Respir Crit Care Med 2007

Bronchoalveolar Lavage (BAL)

BAL lymphocytosis is not 
specific for sarcoidosis

Drent et al.
20% Sarcoidosis CD4 /CD8 < 2

12% EAA CD4 /CD8 >3,5
Sarcoidosis Vasc Diffuse Lung Dis 1997

Kantrow et al. 
Sarcoidosis CD4 /CD8 highly variable

ERJ 1997



Yield per stage

Stage I sarcoidosis

Bronchoscopy 38%

Endosonography 84%

Stage II sarcoidosis

Bronchoscopy   66% 

Endosonography  77%

2013



Diagnostic Approach

The diagnostic approach to sarcoidosis is a complex procedure 

There is no single diagnostic test for this disease 
(e.g. the presence of non caseating granulomas in a single organ, such as skin,

does not establish a diagnosis of sarcoidosis)

The diagnosis is based on three criteria: 

- A compatible clinical and/or radiological picture,

- Histological evidence of noncaseating granulomas,

- Exclusion of other diseases that may produce a similar  
histological or clinical picture. 

Judson  MA. Clin Chest Med 2008
Cruser ED, et al. AJRCCM 2020

Thillai M, et al. Thorax 2021



Judson  MA. Clin Chest Med 2008
Cruser ED, et al. AJRCCM 2020

Thillai M, et al. Thorax 2021

Diagnostic Approach: multiple step process



Definite Probable Possible



Definite Probable Possible



Initial Work-Up

• History and Physical examination: family sarcoidosis, environmental, and occupational 
exposure (beryllium, aluminum …)

• Chest radiography

• Pulmonary function tests: spirometry with bronchodilator, TLC and DLCO

• Blood cell counts, calcemia/calciuria, renal and liver function, urine analysis

• Electrocardiogram (+ 24 hr Holter monitoring, echocardiography)

• Routine ophthalmologic examination (slit-lamp, tonometric/funduscopic examination)

• Tuberculin skin test

• Othersa

aAccording to clinical presentation, diagnosis issues, and assessment of
disease activity.

Valeyre D, et al. Semin Respir Crit Care Med 2014
Baughman  et al. ERJ 2021



• Progressive disease
• Functional impairment
• Respiratory failure
• Death

• Cough
• Dyspnea

Baughman RP et al. Sarcoidosis Vasc Diffuse Lung Dis 2018

The decision to treat



Baughman, et al. AJRCCM 2001

PFTs

“With no other disease did pulmonary 
physiologists have so much fun as with 

sarcoidosis.” Om P. Sharma

All varieties of abnormalities in pulmonary function tests 
can be seen in sarcoidosis

• A decreased diffusion capacity and a restrictive 
ventilatory defect are most often seen

• Almost 30 % of  patients also have obstructive airway 
disease

• Bronchial hyper responsiveness is seen in up to 20 % of  
patients and is associated with the presence of  microscopic non-

necrotizing granulomas in the endobronchial mucosa



CPI

CPI 
>40

MPAD/AAD > 1
or

Extent of fibrosis on HRCT>20%

YES NO

High risk/poor prognosis Low risk/good prognosis

CPI 
≤40

Composite Physiological Index

Lancet Respir Med 2014

CPI=91.0-(0.65*percent predicted DLCO)-(0.53*percent predicted FVC)+(0.34*percent predicted FEV1)



Baughman RP, et al. Eur Respir J 2021



Relapse

Observation
0 mg pr

Taper 
off

Maintenance 
? Months 
10 mg pr

Tapering
6 months

”High dose”
1 month

20-40 mg pr

Continue for a minimum of 12 months

Judson MA. Respir Med 2012

SIX  -PHASE T R EAT M EN T

10-75%



Follow-Up

 Stage I disease: every 6 months

 Other stages: every 3 to 6 months

 Follow-up for a minimum of 3 years after therapy is 
discontinued

 If radiograph has normalized for 3 years, subsequent follow-
up is not routinely required

 Note: Follow-up needs to be more vigilant after corticosteroid-
induced remissions than after spontaneous remissions

ATS/WASOG Statement on Sarcoidosis. AJRCCM 1999
Grutters et al. ERJ 2006

Thillai et al. Thorax 2021



Drent M, et al. NEJM 2021

Adverse and Favourable Prognostic Factors in Sarcoidosis



2014



Nunes H.  Eur Respir Monogr 2012

SAPH

Hypoxic vasocostrinction
Pulmonary vascular rarefaction

Left heart
disease

Portal 
hypertension

CTEPH

OSAS

Compression of LNs  or 
Fibrosing mediastinitis‘PVOD’

Vascular 
remodelling

Pathogenesis SAPH: Multifactorial mechanisms



Prevalence of  PH in Sarcoidosis: 5-73%

Savale L. Eur Respir Rev  2022



Baughman RP. Chest 2010
Sulica R. Chest 2005

Burnett CF. Chest 2009

Chest X-ray Stage

Prevalence of  PH in Sarcoidosis



Pulmonary hypertension is an independent predictor of  mortality in patients with sarcoidosis 

Savale L. Eur Respir Rev  2022



2010

130 pts – RHC
Follow-up 7 years

PVR >3 Wood units
CxR stage IV

Suppl. O2

5% 

20% 

48% 



Savale L. Eur Respir Rev  2022

Diagnostic approach



Savale L. Eur Respir Rev  2022

Diagnostic approach



Savale L. Eur Respir Rev  2022

Diagnostic approach



Lung - 90% 
Lymph nodes - 75-90% 

Pleura - 1-5% 
Skin - 25% 
Eye - 25% 

Nasal mucosa - 20% 
Larynx - 5% 

Bone marrow - 15-40% 
Spleen -50-60% 
Liver -60-90% 
Kidney - Rare 

Calcium disorder - 11% 
CNS - 5% 

Bones - 5% 
Joints - 25-50% 

Heart - 5% 
Endocrine glands - Rare 

Parotid gland - 10% 
GI tract - Rare

Frequency of Organ Involvement



Cardiac involvement occurs in 20–27% of sarcoid patients in the United States and may be 
as high as 58% in Japan. The majority of these patients are asymptomatic; clinical evidence 
of cardiac sarcoidosis is present in ~5% of patients with sarcoidosis, but occult involvement 

is much higher (> 20%).

Lynch JP III, et al. Semin Respir Crit Care Med 2014



Cardiac involvement may occur at any point during the course of sarcoidosis and may occur in the 
absence of pulmonary or systemic involvement.

Prognosis of CS is related to extent and site(s) of involvement. Most deaths due to CS are due to 
arrhythmias or conduction defects

The yield of endomyocardial biopsies is low

Currently, 18F-FDG PET-CT and gadolinium-enhanced MRI (cMRI) are the key imaging modalities to
diagnose CS

Clinical manifestations in cardiac sarcoidosis 

Lynch JP III, et al. Semin Respir Crit Care Med 2014



Birnie DH, et al. Heart Rhythm 2014



Although not life-threatening, but can be emotionally devastating and 
are divided into two categories: 

specific and nonspecific.

• Erythema nodosum may occur.
• Lupus pernio is the most specific associated cutaneous lesion.
• Violaceous rash is often seen on the cheeks or nose.
• Maculopapular plaques 

• Lupus pernio is more common in women than in men and is
associated with chronic disease and extrapulmonary involvement.

• Erythema nodosum occurs in about 10% of patients with sarcoidosis
and usually lasts for about 3 weeks.

• Biopsy specimens of erythema nodosum lesions show nonspecific septal 
panniculitis (NOT BX erythema nodosum lesions).

Marchell RM, et al. Semin Respir Crit Care Med 2010

Cutaneous Involvement



• The eye and adnexa are involved in 25 -80%
• Anterior or posterior granulomatous uveitis, Optic neuritis.
• Conjunctival lesions and scleral plaques may also be noted.
• Ocular involvement may lead to blindness if untreated.

This necessitating routine slit-lamp and funduscopic examination

• Anterior uveitis
Is the most common manifestation
Chronic anterior uveitis, with insidious symptoms
leading to glaucoma and vision loss, is more
common than acute anterior uveitis.

• Posterior uveitis:
If suspected fluorescence angiography

Baughman RP et al  Semin Respir Crit Care Med 2010

Ophthalmologic Complications



CNS is involved in up to 25% of patients with sarcoidosis who undergo autopsy,
but only 10% of all patients with sarcoidosis present with neurologic symptoms.

Sarcoidosis can affect any part of the neuroaxis
Neurosarcoidosis may appear in an acute explosive fashion or as a slow chronic illness

Most common presentations
- cranial nerve palsies
- brain and spinal cord intraparenchymal lesions
- leptomeningeal infiltration
- peripheral neuropathies

Depending on the location of the granulomas in the neuroaxis, the symptomatology
reflects the neuroanatomical structures compromised. This means that potentially any 

neurological symptom and sign can be seen in patients with neurosarcoidosis.

• Magnetic resonance imaging (MRI), FDG-PET
• CSF analysis important in excluding TB/fungal infections – CSF ACE ↑ but not spec.
• May ultimately require a tissue biopsy to reach a definitive conclusion

Vargas DL, et al. Semin Respir Crit Care Med 2010

Neurologic Involvement



Burke RR, et al. Semin Respir Crit Care Med 2010



Other Manifestations

Kidneys 

• more commonly renal failure related to 
hypercalcemia and nephrocalcinosis

• rarely interstitial nephritis by granulomas

Hematological abnormalities

anemia: 4-20%; hemolytic anemia: rare
leukopenia: up to 40%, rarely severe;

bone marrow involvement: rare



Although symptomatic sarcoid myositis is 
rarely encountered (<5%), muscle 

involvement is common in sarcoidosis
and muscle biopsy in asymptomatic 

patients reveals granulomas in 50–80% of 
cases. 

Three types of muscle sarcoidosis: 

- chronic myopathy
- acute myositis
- nodular or tumorous type



Bone Involvement

“lacy” lytic

• Small and large bones, painfull or asymptomatic
• Cystic, lytic or sclerotic lesions (d.d.: Ca, TB, fungal infections)
• Sarcoid athropathy

Moore SE, et al. RadioGraphics 2003



• 10% of all patients with sarcoidosis have elevated
serum aminotransferase and alkaline phosphatase levels 

• Detection of hepatic and splenic lesions on CT
is described in 5% and 15% of patients.

• A cholestatic syndrome characterized by pruritus and jaundice, hepatic failure, or 
portal hypertension can develop (liver involvement is usually clinically silent) 

• 60% of patients with hepatic manifestations have constitutional symptoms such as 
fever, night sweats, anorexia, and weight loss. 

• Portal hypertension and cirrhosis leading to liver failure occur in only 1% of patients 
with sarcoidosis.

Ebert E, et al. Am J Gastroenterol 2008

Liver and Spleen Involvement



Sarcoidosis associated fatigue

• Alternative causes must be excluded 
(anaemia, vitamin D deficiency, iron deficiency, thyroid dysfunction, hypercalcemia, 
sleep disorders, depression, DM, CHF, small fiber neuropathy or CS myopathy)

• No established therapy

• If there is unacceptable loss of quality of life:
- Short trial of steroids (prednisone 5-10 mg/d +/- MTX/hydroxychloroquine)

- Methylphenidate (10-30mg/bd) or modafinil (100-200mg/bd) (off label)

- Rehabilitation programmes

- Natural remedies (Ginkgo biloba 120mg/d)

Thillai M,  et al. Thorax 2021
Baughman RP,  et al. ERJ 2021
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