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Definition of sarcoidosis I: the term

• A multisystem disorder of unknown cause• Commonly affects young and middle-aged 
adults• Frequently presents with bilateral hilar 
lymphadenopathy, lung involvement, and 
skin and ocular lesions• Other organs may also be involved: heart, 
liver, spleen, lymph nodes, salivary glands, 
nervous system, bones, muscles etc. organs

A. Altraja ©2017 Costabel, Eur Respir J 2001; Yamamoto et al. Sarcoidosis 1992 



Definition of sarcoidosis II: the diagnosis

The diagnosis is established, when:• Clinico-radiological findings are supported by 
histological evidence of non-caseating 
epithelioid cell granulomas• Alternative conditions able to present with 
similar clinical and radiological picture are 
excluded

 The diagnosis should thus be 
histopathologically confirmed (with certain 
exclusions)
 Biopsy

A. Altraja ©2017 Costabel, Eur Respir J 2001; Yamamoto et al. Sarcoidosis 1992 



Definition of sarcoidosis III: the pathology

• Frequently observed immunopathological 
features are depression of delayed-type 
hypersensitivity and increased CD4/CD8 ratio 
at the site of involvement• Circulating immune complexes and signs of 
B-cell hyperactivity may be detectable

A. Altraja ©2017 Costabel, Eur Respir J 2001; Yamamoto et al. Sarcoidosis 1992 



Definition of sarcoidosis IV: the course and 
prognosis

• The course and prognosis usually correlate 
with acuteness of the onset of sarcoidosis, as 
well as with the extent of manifestations• An acute onset with erythema nodosum or 
asymptomatic bilateral hilar lymphadenopathy 
(enlargement of the lymph nodes in the hilar 
regions of the lungs) usually indicates a self-
limiting disease• An insidious onset, especially with multiple 
extra-pulmonary lesions, usually signifies for 
chronic and not self-limiting course that leads 
to progressive fibrosis of the lungs/other 
organs

A. Altraja ©2017 Costabel, Eur Respir J 2001; Yamamoto et al. Sarcoidosis 1992 



Epidemiology of sarcoidosis I• Incidence: <1…35 cases per 100 000/year• Prevalence, clinical picture and severity strongly varies 
between ethnic and race groups and countries• The highest prevalence (5…40/100 000) is in Scandinavia 
(Pietinalho et al. 1995) and among (35/100 000) US 
African-Americans (James et al. 1994), being 10,9/100 
000 among white Americans (Pietinalho et al. 1995) • African-Americans in the US have more:•Later onset•Severe course of sarcoidosis•Chronic cases (lupus pernio etc. more severe skin 

lesions)• Caucasians have more frequently:•Acute onset with good prognosis •Asymptomatic disease• Sarcoidosis is less prevalent in Central and South 
America and in Japan (1-2/100 000) (Pietinalho et al. 
1995) 

Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 A. Altraja ©2017



• Sarcoidosis is characterized by familiar, seasonal, and 
regional clustering:  a reference to a certain role of 
genetic and/or occupational or environmental factors in 
the etiology, pathogenesis, and manifestation of the 
disease• No direct socio-economical association (apart from 
prognosis)• Sarcoidosis shows a predilection for adults <40 years of 
age, peaking between 20–29 years• There is a slight female predominance (1.2-1.75:1)• In Scandinavian countries, Germany, and Japan, there is 
a second peak incidence in females >50 years of age 
(Hunninghake et al. 1999)• A weak “third peak” among people >60 years• Sarcoidosis rarely occurs in children and the elderly (<15 
years or >70 years)• Average mortality: 1-5% (Hunninghake et al. 1999)

Epidemiology of sarcoidosis II

Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 A. Altraja ©2017



• Sarcoidosis is sporadic (familial in 3,6-9.6% of cases)• Patient’s siblings have a higher risk of sarcoidosis than 
do parents (recessive inheritance mode)• An 80-fold increase in risk in monozygotic twins• Often associated with exposition to: •Fumes rising from combustion of solid fuels (incl. 

firefighters, WTC disaster in 2001)•Organic compounds•Agricultural chemicals, molds etc. 
Incidence of sarcoidosis is concentrated on:•Early spring•Certain geographical areas•Occupations: medical personnel (nurses etc.)•Sarcoidosis can be transferred with organ 

transplants•  Refer to the possibility of infectious etiologies 
(Hunninghake et al. 1999)• Less frequent in smokers (immunosuppressive effect of 
smoking, like also in hypersensitivity pneumonitis)

Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014A. Altraja ©2017

Epidemiology of sarcoidosis III



• Unknown etiology, not an infectious disease• Represents an exaggerated immune response to 
pathogen-associated molecular patterns of dead or 
partially degraded mycobacteria and propionibacteria, 
but also to other organic and inorganic substances 
(Valeyre et al. 2014 )

Contemporary concept:• Exposure of individuals with genetically determined “susceptible” 
to specific environmental agents

Hence, a co-existence of at least 2 factors is needed for sarcoidosis to 
develop (Verleden et al. 2001):• An individual with “sarcoid constitution” (e.g. association with 
HLA-DQB1, Iannuzzi et al. 2003)• Exposures:• Infectious agents (viruses: herpes virus, Epstein-Barr, 

retroviruses; bacteria: Propionibacterium acnes, Borrelia 
burgdorferi, Mycoplasma, Chlamydia, non-tuberculous 
mycobacteria and cell wall-deficient mycobacteria; antigens 
of Mycobacterium tuberculosis: katG, Heat shock protein
(Hsp)70, mycolyltransferase antigen 85A)

Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 A. Altraja ©2017

Etiology of sarcoidosis I



“Sarcoid constitution”
Genetically determined• Familiar clustering (HLA-DQB1-association, Iannuzzi et 

al. 2003)

• Antigens of the MHC I class: HLA A1/B8/Cw7/DR3 
convey good prognosis • Antigens of the MHC II class: DRB1*0301/DQB1*0201 
connected to Löfgren’s syndrome (Sato et al. 2002)• HLA DRB13 (Japan), DRB14 and DRB15 (African-
Americans)  connection to chronic sarcoidosis• GWAS: associated loci found (BTNL2, ANXA11 etc.)• Gene polymorphisms: no good association found•Pro-inflammatory cytokines •(TNF-) •ACE •Vitamin D receptor

Costabel, 2001; Iannuzzi et al. 2007; Costabel et al. 2008; Valeyre et al. 2014A. Altraja ©2017



• Immunologically, sarcoidosis is an augmented immune 
response to yet unidentified antigens• Compared to those from healthy individuals, alveolar 
macrophages from patients with sarcoidosis have increased 
antigen presenting capacities•Due to up-regulated expression and function of MHC-2 

molecules and co-stimulators like CD86, CD80, ICAM, and 
CD40 (Zissel et al. 2010)•Have an increased TNF α response, when stimulated by 
pattern recognition receptors (TLR4) (Wiken et al. 2009)• Sarcoidosis can be transmitted with transplanted organs (heart, 

bone marrow): the recipients of transplants from sarcoidosis 
patients have subsequently developed sarcoidosis (Heyll et al. 
1994)

• There is no definite proof of a specific infectious etiological 
agent in sarcoidosis: •No infective or other agent has been consistently isolated 

or cultured

Costabel, Eur Respir J 2001; Valeyre et al. Lancet 2014 A. Altraja ©2017

Etiology of sarcoidosis II



Immunopathogenesis of sarcoidosis I
• Granulomas are formed upon accumulation of macrophages and 

their interactions in the inflammatory foci• Granulomatous inflammation: developed to confine pathogens, 
restrict inflammation, and protect surrounding tissues• The sarcoid granulomas represent compact, centrally organized 
collections of macrophages and epithelioid cells encircled by 
lymphocytes and do not contain necrosis• “Created” to trap the remnants of the causative agents that cannot 
be further degraded• As a result of chronic cytokine stimulation, macrophages:• Differentiate to epithelioid cells• Gain secretory and bactericidal capability• Increase antigen-presenting capacity as a result of antigen 
stimulation• Lose some phagocytic capacity• Fuse to form multinucleated giant cells; IFN-γ (from CD4+ Th1 cells) 
is the main factor for the fusion• Further, fibrous capsules and septa will appear; this may lead to 

fibrosis that in turn may influence the whole architecture of the 
granuloma-containing organs ( organ fibrosis and cirrhosis)

Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 A. Altraja ©2017



Immunopathogenesis of sarcoidosis II
• Activated CD4+ T-lymphocytes differentiate to Th1-type to secrete 

IL-2 and IFN-γ and influx of CXCR3-positive cells• Influx of Th1 cells is triggered by increased production of CXCR3 
chemokines (CXCL10) (Pignatti et al. 2006)• With these, the Th1 cells stimulate production of TNF-α by 
macrophages and potentiate local cellular immune response 
(Zissel et al. 2007; 2010)• NK T-cells have a role: reduction in the number of NKT cells can 
account for the persistence of sarcoidosis and formation of 
granulomas (Loke et al. 2013)• A role for Treg cells: their low numbers prevent their negative 
feedback on the exaggerated Th1 immune response• Immune paradox: an exaggerated inflammation at disease sites is 
accompanied by peripheral anergy (as tested with tuberculin) 
(Miyara et al. 2006): CD25brightFOXP3+ Treg cells• A switch from Th1 to Th2 cytokine predominance may occur in 
chronic sarcoidosis with persistent inflammation: Th2 cytokines 
(IL-13) additionally increase TGF-β production• Th17 cells specific for mycobacterial antigens have been detected 
(Richmond et al. 2013), but their role is uncertain

Iannuzzi et al. 2007; Loke et al. Int J Chronic Dis 2013; Valeyre et al. Lancet 2014A. Altraja ©2017



Pathogenesis of organ fibrosis (and cirrhosis) in 
sarcoidosis

• The granulomas generally absorb if the inflammation abates• IL-1, IL-6, TNF- etc. are responsible for formation and 
maintenance of the granulomas• In 20-25% of cases, fibrosis follows• Matrix metalloproteinases (MMP8, MMP9) are in elevated 
concentrations in the airway tissues• There is no compensatory elevation of the tissue inhibitors 
of MMPs (TIMPs) • Remodeling of the extracellular matrix will be the result• A shift from Th1-specific cytokines (IL-2, IFN-γ etc.) to Th2-
specific cytokines (IL4, IL-10, IL-13 etc.) is important in the 
pathogenesis of fibrosis• Th2-cytokines increase the production of CCL18 etc. 
fibrogenic mediators by macrophages• CCL18 also increases collagen synthesis by fibroblasts, 
which, in turn, stimulates macrophages: this represents a 
positive feedback mechanism for enhanced fibrosis

Iannuzzi et al. NEJM 2007 A. Altraja ©2017



Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 A. Altraja ©2017
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Iannuzzi et al. NEJM 2007 A. Altraja ©2017

Immunopathogenesis of sarcoidosis



The principal types of sarcoidosis: the 
onset and clinical course

Costabel, Eur Respir J 2001; *Spagnolo et al. 2011; Valeyre et al. Lancet 2014** A. Altraja ©2017

1. Acute sarcoidosis with an abrupt onset
2. Chronic sarcoidosis with an insidious onset and 
exacerbations/reactivations•A possible variant: “chronic active sarcoidosis”*

• The duration perspectives of these two discrete 
phenotypes**: 

•Acute: ≤2 years
•Chronic ≥3-5 years



• „Sarcoidosis with Löfgren’s Syndrome“ 
(”Löfgren’s sarcoidosis”): corresponds 
approximately to acute sarcoidosis with an 
abrupt onset (see above) (sarcoidosis may be 
acute even in the absence of some of the 
components of Löfgren’s Syndrome)

• „Sarcoidosis without Löfgren’s Syndrome“ 
(”Non-Löfgren’s sarcoidosis”): corresponds 
approximately to chronic sarcoidosis with an 
insidious onset 

A. Altraja ©2017

The principal types of sarcoidosis in the 
clinical practice



Acute sarcoidosis with an abrupt onset
• Is more frequent in Caucasians than in cases of Black ethnicity• May present as Löfgren’s Syndrome:•Bilateral hilar adenopathy•Ankle arthritis•Frequent constitutional symptoms (fever, myalgia, 

malaise, weight loss)•Erythema nodosum:•Non-specific•More frequent in women• In men: more ankle edema without erythema nodosum

• Löfgren’s Syndrome is present in 9-34% of patients with 
sarcoidosis• Acute sarcoidosis has good prognosis and spontaneous 
remission usually occurs within 2 years• Acute sarcoidosis is a self-limiting disease• Relapses are rare, though erythema nodosum can relapse

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 



Erythema nodosum

•A 19-year-old female patient 
with acute sarcoidosis•Erythema nodosum is the 
extension surfaces of the 
lower extremities •Ankle edema/arthritis is 
additionally present

A. Altraja ©2017



Erythema nodosum

A patient with an acute sarcoidosis:•Erythema nodosum is the extension surfaces of the lower extremities •Ankle edema/arthritis is additionally present in this patient

A. Altraja ©2017



Chronic sarcoidosis with an insidious onset 

• Organ-related symptoms often include those 
referring to pulmonary involvement:•Cough, dyspnea, radiological lung opacities• Erythema nodosum is not characteristic• Of skin lesions, lupus pernio may be present• Constitutional symptoms are much rarer than in 
acute sarcoidosis• The course is often relapsing, with resolution, if any, 
being less likely and taking a more protracted time 
course

Costabel, Eur Respir J 2001A. Altraja ©2017



The course of sarcoidosis in conclusion
All forms together:• In 2/3 of patients, an up to 10-year remission is 

typical either without or with only minor residual 
symptoms• A relapse after at least 1-year remission is rare 
(<5%), albeit a relapse is possible in whatever 
organ and at whatever time point• In 1/3 of patients, a chronic, active disease will 
persist resulting in the development of severe 
organ damage• Mortality is <5%, resulting from:

• Lung fibrosis with respiratory insufficiency•Heart involvement (see further)• Involvement of the nervous system

A. Altraja ©2017 Iannuzzi et al. NEJM 2007 



The clinical manifestations of sarcoidosis by 
affected organs

• A disease with multiorgan involvement: patients 
are often received by different specialists

• The clinical manifestations are highly variable: 
depending is ethnic and regional factors, 
chronicity of the disease, length of the history, 
activity of the granulomatous inflammation, and 
the extent of the organ involvement

Costabel, Eur Respir J 2001

Sarcoidosis has 3 different clinical presentations:•Asymptomatic sarcoidosis•Sarcoidosis with non-specific constitutional 
symptoms•Sarcoidosis with symptoms related to specific 
organ involvement

A. Altraja ©2017



Asymptomatic sarcoidosis

• The prevalence cannot be reliably 
determined, since many patients escape 
the diagnosis: 30…50% (Winterbauer et al. 
1973; Siltzbach et al. 1974)

•Usually is discovered with routine chest X-
ray screenings

Costabel, Eur Respir J 2001A. Altraja ©2017



Sarcoidosis with non-specific constitutional 
symptoms• Constitutional symptoms (weight loss, fatigue, 

weakness, fever, night sweats etc.) are present 
also in sarcoidosis with symptoms related to 
specific organ involvement• Constitutional symptoms are present in 1/3 of 
patients, more frequently in African-Americans

•low-grade fever (albeit may reach ad 40ºC)•Weight loss (2-6 kg during 10-12 weeks prior to 
presentation)•Fatigue and weakness (could be disabling)•Night sweats

Always consider sarcoidosis, when the patient has 
“fever of unknown origin”

A. Altraja ©2017 Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014



The fatigue syndrome in sarcoidosis
• An important and disabling constitutional symptom• Occurs in ≤70% of patients• Can be measured with a validated fatigue 

assessment scale (De Vries et al. 2004)• Is multifactorial and can be caused by granuloma 
burden, weight gain, diabetes due to corticosteroid 
therapy, depression, sleeping disorders, 
hypothyroidism, calcium metabolism, and other 
unknown factors• Is clinically independent of the activity of sarcoidosis• Is increased by dyspnea, 6-min. walk distance 
reduction, and muscular pain• Dexmethylphenidate has been tried for treatment

A. Altraja ©2017 Valeyre et al. Lancet 2014



Sarcoidosis with symptoms related to 
specific organ involvement

• The frequency of clinical findings related 
to specific organ involvement is variable

•Depends is how thorough is the 
diagnostic work-up to explore and detect 
the organ involvement

Costabel, Eur Respir J 2001A. Altraja ©2017



The top of the organs most typically affected 
by sarcoidosis• The sarcoid granulomatous inflammation can affect 

whatever organ• Extra-pulmonary localizations can occur either later be 
initial, and can give isolated symptoms or not; their 
diagnosis is classified as definite, probable, or possible• in >90% of patients:•The lungs (see the stages)•Enlargement of intrathoracic (mediastinal and hilar) 

lymph nodes•Skin involvement (see further)•Eye involvement (see further)•Different combinations of the above mentioned 
changes•Most frequently, combinations of the changes 

associated with intrathoracic lymph nodes and 
the lungs

A. Altraja ©2017 Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014



Involvement of different organs in sarcoidosis
Organ % of patients
Mediastinal and hilar lymph nodes 95-98
Lungs >90
Liver 20-80
Spleen 40-80
Eyes 10-50
Peripheral lymph nodes 10-30
Skin 15-25
Nervous system 5-10
Heart (clinically) 2-5
Salivary glands 3-10
Kidneys 2-5
Bones 0-5
>2 extra-pulmonary organs at a time 9-48

A. Altraja ©2017 Costabel, ERJ 2001; Spagnolo et al. 2011; Valeyre et al. Lancet 2014 



Pulmonary manifestations of sarcoidosis
• Chest radiographic stages (or types) of sarcoidosis 

characterize different radiological patterns and do not 
necessarily correlate with either the chronicity of sarcoidosis 
or loss of lung function• Taken together all radiographic stages, the lungs are affected 
in >90% of patients •More frequent symptoms (30-50%)•Dry persistent cough•Dyspnea appears later•Chest pain or discomfort•Sometimes wheeze (infrequent)• Hemoptysis and clubbing are not typical• Fine crackles are absent (as there is no alveolitis in 
sarcoidosis, but just a granulomatous inflammation in the 
interstitium and perilymphatics)• The incidence of sarcoidosis is higher in non-smokers 
(Veleyre et al. 1988; due to an immunosuppressive effect of 
smoking)

A. Altraja ©2017 Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 



Chest radiographic stages (types) of sarcoidosis 

Costabel, Eur Respir J 2001; *DeRemee, Chest 1983

*Stage Radiographic findings % of cases
*0 Normal 5-10%
I Bilateral hilar lymphadenopathy 

without parenchymal infiltrates
50%

II Bilateral hilar lymphadenopathy 
plus parenchymal infiltrates

25%

III Parenchymal infiltrates without 
bilateral hilar lymphadenopathy 

15%

IV Signs of lung fibrosis (shrinking of
mainly the upper lobes, upward (cranial) 
hilar retraction, traction bronchiectasis and 
traction bullae, deformities of the diaphragm 
due to pleural adhesions etc.)

5-10%

A. Altraja ©2017



Chest radiographic stages (types) of sarcoidosis 

Stage Radiographic findings Schematic pattern

0 Normal

I Bilateral hilar lymphadenopathy 
without parenchymal infiltrates

II Bilateral hilar lymphadenopathy
plus parenchymal infiltrates

III Parenchymal infiltrates without 
bilateral hilar lymphadenopathy 

IV Signs of lung fibrosis 

A. Altraja ©2017



Radiographic stage (type) I sarcoidosis 

• Bilateral, absolutely symmetric hilar 
lymphadenopathy without parenchymal 
infiltrates• No mediastinal enlargement• Lung biopsy may reveal sarcoidosis even in 
radiographically normal lungs in 80% of cases• A unilateral (mostly left-sided) hilar 
lymphadenopathy is extremely rare• Calcified hilar lymph nodes may occur in 5% and 
reflect long-standing sarcoidosis

Costabel, Eur Respir J 2001A. Altraja ©2017



Stage I 
sarcoidosis 

Symmetric 
bilateral hilar 
lymphadenopathy 
without 
parenchymal 
infiltrates

• A 26-year-old young asymptomatic man without any complaint

A. Altraja ©2017



Stage I 
sarcoidosis 

Symmetric 
bilateral hilar 
lymphadenopathy 
without 
parenchymal 
infiltrates; there 
is enlargement of 
mediastinal 
lymph nodes 
(region 7) 
however

• The same 26-year-old young asymptomatic man (CT-scan with 
contrast media)

A. Altraja ©2017



A. Altraja ©2017

• The same 26-year-old young asymptomatic man (CT-scan with 
contrast media)

Stage I 
sarcoidosis 

Symmetric 
bilateral hilar 
lymphadenopathy 
without 
parenchymal 
infiltrates; there 
is enlargement of 
mediastinal 
lymph nodes 
(region 7) 
however



A. Altraja ©2017

Stage I 
sarcoidosis 

Symmetric 
bilateral hilar 
lymphadenopathy 
without 
parenchymal 
infiltrates



Lung parenchymal infiltrates in sarcoidosis 
(stages II and III)

• Diffuse, often coalescent reticulonodular opacities 
with upper lobe predominance• Air bronchograms may be present• HRCT findings:•Peribronchovascular and subpleural fine-

nodular infiltrates•Thickening of interlobular septa, deformation of 
lung architecture, and conglomeration due to 
coalescence of the nodules in perihilar, 
peribronchovascular, or subpleural regions•In more rare occasions, formation of 
honeycombing, cysts, bronchiectases, or 
alveolar opacities of ground-glass type may 
occur

Costabel, Eur Respir J 2001A. Altraja ©2017



A. Altraja ©2017

Stage II 
sarcoidosis 

Bilateral symmetric 
hilar 
lymphadenopathy
plus parenchymal 
infiltrates



Stage II 
sarcoidosis

19-year-old female 
patient:

Moderate bilateral 
symmetric hilar 
lymphadenopathy 
is superimposed 
by bilateral 
reticulo-nodular 
and fine-nodular 
pulmonary 
opacities

A. Altraja ©2017



Stage II 
sarcoidosis

The same 19-year-old 
female patient:
CT scan reveals 
nodular pattern with 
peribronchovascular 
and perilymphatic 
(septal and subpleural) 
distribution. The fine, 
1-2 mm nodules 
correspond to 
aggregates of non-
caseating granulomas.

A. Altraja ©2017



A. Altraja ©2017

Development of stage I sarcoidosis to stage II

A 38-year-old male patient, acute sarcoidosis, although with onset without erythema nodosum
•Left panel: bilateral symmetric hilar lymphadenopathy, initially, without parenchymal opacities 
representing stage I sarcoidosis
•Right panel: 3 weeks later, the finding has been supplemented with parenchymal opacities with 
concentration the foci perilymphatically to the area of the minor fissure (the finding of stage II 
sarcoidosis)



A. Altraja ©2017

Perilymphatic „sarcoid galaxies“ in stage II-III sarcoidosis

The same 38-year-old male patient with acute sarcoidosis, although with onset 
without erythema nodosum: finding characteristic of stage II. Note the 
perilymphatic localization of granulomas to form „sarcoid galaxies“ ()



A. Altraja ©2017

HRCT findings in stage II sarcoidosis

The same 38-year-old male patient with acute stage II sarcoidosis. Note the 
paraseptal localization of granulomas()



Stage III 
sarcoidosis

CT scan in a 27-
year-old female 
patient:

Involvement of the 
lung parenchyma 
without hilar 
lymphadenopathy

A. Altraja ©2017



Pulmonary changes in stage IV sarcoidosis

• This is the fibrotic stage• Shrinkage of mainly the upper lobes• Hilar retraction (upwards)• Deformation of parenchymal structures• Pleural (and costal) adhesions to the diaphragm• Formation of bullas, cysts, and honeycombing 

• HRCT findings:•Upper lobe and central predominance•Frank fibrosis•Honeycombing•Formation of cysts•Traction bronchiectases

Costabel, Eur Respir J 2001A. Altraja ©2017



Stage IV 
sarcoidosis

• Fibrotic stage• Deformation of 
parenchymal 
structures• Pleural and 
costal adhesions 
to the diaphragm

A. Altraja ©2017



Stage IV 
sarcoidosis

• Fibrotic stage• Bulky fibrosis• Deformation of 
parenchymal 
structures

A. Altraja ©2017



Stage IV 
sarcoidosis

• A 69-year-old 
female patient• Fibrotic stage• Shrinkage of 
mainly the upper 
lobes• Hilar retraction 
upwards• Deformation of 
parenchymal 
structures

A. Altraja ©2017



Stage IV 
sarcoidosis

• The same 69-year-
old female patient• Fibrotic stage• Hilar retraction 
upwards• Deformation of 
parenchymal 
structures

A. Altraja ©2017



Stage IV sarcoidosis: CT and HRCT findings

A. Altraja ©2017

The same 69-year-old female patient: fibrosis and deformation of the 
parenchymal structures, more prominent centrally and in upper lung 
zones (Attention! See differences from e.g. idiopathic pulmonary 
fibrosis (IPF) or chronic hypersensitivity pneumonitis (cHP)!)



Less frequent forms of pulmonary 
sarcoidosis

• Pulmonary vasculitis (sarcoid-granulomatous)• Nodules with destruction• Mycetomas: formed into post-necrotic cavities• Lobar atelectasis• Stenosis of the trachea and bronchi• Syndrome of the occlusion of the superior vena 
cava• Pleuritis (often with pleural effusion)• Pneumothorax• Pulmonary hypertension in sarcoidosis (in 6-23% 
of patients) (Group 5)

Moller, Eur Respir Mon 2005A. Altraja ©2017



Lung function abnormalities in pulmonary 
sarcoidosis

• As a leading change, in ~65% of patients, there is 
restrictive ventilation dysfunction with reduced 
forced vital capacity (FVC), accompanied by reduced 
forced expiratory volume in 1 second (FEV1)• At least 50% of patients also have concurrent 
obstructive airway disease with a reduced FEV1/FVC 
ratio• Airway hyperresponsiveness in 5-83% of patients• In the majority (80%) of patients with abnormal 
spirometric findings at presentation, the values 
normalize within 2 years

A. Altraja ©2017 Iannuzzi et al. NEJM 2007 



Pulmonary hypertension (PH) in sarcoidosis• Belongs to the V group of PH• Well-known and severe complication of sarcoidosis: a 
marker of worse prognosis if present (Shorr et al. 2003) • Increases the mortality risk 10.4-fold (Baughman et al. 
2010)

Prevalence:• 5-28% of all patients with sarcoidosis (Baughman et al. 
2011)• 5.7% of outpatients (Handa et al. 2006)• More frequent in patients with extended radiographic 
changes• More frequent in patients of Black ethnicity• 78,3% among those is waiting list for lung transplant for 
sarcoidosis (Shorr et al. 2002):•PAH is more frequent in sarcoidosis than in IPF•PAP is higher in sarcoidosis-related PAH than in 

IPF-related PAH
A. Altraja ©2017 Palmero & Sulica, 2012



Mechanisms of pulmonary hypertension (PH) in sarcoidosis
• Multifactorial mechanisms that lead to injury and remodeling of the 

pulmonary vessels• Pulmonary arterial hypertension (PAH)-like condition:• Endothelin pathway (ET-1 content is heightened in the 
granulomas) (Foley & Metersky, 2005), BAL fluid, and urine)•Sarcoidosis-specific granulomatous inflammation in the 

arteries and veins (in 69-100% of patients)•Primary sarcoid arteriopathy with plexiform lesions•Pulmonary veno-occlusive disease (PVOD)•Portopulmonary hypertension (PPH)• PH due to destruction of the lung parenchyma and hypoxemia:• Distortion of the parenchyma, fibrosis, destruction of the vessels• Acute and chronic hypoxemia• Compression of the large pulmonary vessels from outside:• Direct compression of the pulmonary arteries by enlarged lymph 
nodes: cause perfusion defects analogously to that seen in 
CTEPH•Postcapillary pulmonary hypertension:•PH due to left heart injury (involvement of the contractile 

myocardium, arrhythmias etc.)
A. Altraja ©2017 Palmero & Sulica, 2012



PH in sarcoidosis: heightened risk
• Higher radiographic stage (IV)• Male gender• Black race• Substantial loss of diffusing capacity of the lung (DLco): 

>50% predicted without lung fibrosis or <30% in the 
presence of lung fibrosis refers to presence of a vascular 
disease (Sulica et al. 2005)• Low SpO2, dependence is supplementary oxygen• Low exercise capacity: 6-min. walk distance (6MWD) 
<280…300 m• Multiple symptoms (incl. dyspnea „out of proportion“ in 
relation to the degree of lung involvement)• Extent of the lung fibrosis: relation with PH is 
controversial and correlation is weak (distortion of the 
lung parenchyma is by far not the only and the most 
important mechanisms that lead to PH)

A. Altraja ©2017 Palmero & Sulica, 2012



PH in sarcoidosis: risk factors for increased mortality

• Black race (e.g. African-Americans)• Need for long-term supplementary oxygen• NYHA IV functional class• Right atrial pressure (RAP) ≥15 mmHg• SaO2 <60 mmHg• mPAP >35 mmHg• Cardiac index (CI) <2 L/min/m2

• Pre-capillary PAH (compared to post-capillary PH)

• Lung function (spirometric) correlates poorly with 
mortality due to sarcoidosis-related PH

A. Altraja ©2017 Nunes et al. Thorax 2006; Palmero & Sulica, 2012



PH in sarcoidosis: the diagnosis
• Based on symptoms and signs of PH or PAH, presented by 

patients with otherwise confirmed diagnosis of sarcoidosis• The initial diagnostic work-up is identical to that used for PAH:
I. Clinical suspicion of the presence of PH
II. Confirmation of PH 
III. Determining the severity of PH and functional class
IV. Assessment of PAH (type, functional status, 

hemodynamics• Right heart catheterization (RHC), especially when desaturation 
develops during exercise (SpO2<88%):• To confirm the diagnosis of PH• To perform the acute pulmonary vasoreactivity testing•Omission of the acute pulmonary vasoreactivity testing only 

in the presence of normal pulmonary artery pressure (PAP) 
by echocardiography• To confirm the heart involvement•Heart failure may affect exercise testing•Echocardiography•Magnetic resonance imaging (MRI) (MRI-guided biopsy)

A. Altraja ©2017



Diagnostic algorithm of sarcoidosis-related PH
1. Clinical suspicion • Permanent or progressive dyspnea despite adequate treatment of 

sarcoidosis• Onset of dyspnea as a new symptom, especially in the absence of visible 
involvement of the lung parenchyma• Dyspnea, whose severity is „out of proportion“ with regard to the lung 
involvement• Physical findings of PH (strong P2 sound, murmur that refers to tricuspid 
regurgitation)• Signs of the right ventricular dysfunction• Hypoxemia during exercise or at rest

2. Ancillary investigations:• Radiographically visible enlargement of pulmonary arteries, alveolar ground 
glass opacities, thickening of the interlobular septa etc.)• Echocardiography: increased RV systolic pressure (>35 mmHg), septal 
deviation, dilatation of the right heart chambers, RV dysfunction, pericardial 
effusion etc.• Lung function testing: disproportional decrease of diffusing capacity of the 
lung (DLco <50%) in the presence of normal spirometric values; DLco <30% 
when involvement of the lung parenchyma is present• 6MWD <280…300 m

3. Diagnostic confirmation:• Right heart catheterization (RHC) with acute vasoreactivity testing 
A. Altraja ©2017 Palmero & Sulica, 2012



Management of sarcoidosis-related PH
• Systemic glucocorticosteroids are not effective against 

sarcoidosis-associated PH

• Sarcoidosis-related PH could be successfully treated 
with the same classes of drugs that are effective in 
idiopathic PAH (IPAH) and systemic connective tissue 
disease-associated PAH (CTD-APAH)• Current guidelines (Galié et al. EHJ 2015), however, 

do not support use of PAH-specific drugs• Research data are accumulating•Endothelin receptor antagonists (ETRA) 
(bosentan, ambrisentan)•Prostanoids (prostacyclin analogues) (inhaled 
iloprost, i.v. epoprostenol•PDE5 inhibitors (PDE5I) (sildenafil)

A. Altraja ©2017 Sharma et al. 2005; Palmero & Sulica, 2012; Seeger et al. 2013



Sarcoidosis-related PH: conclusions

• Yet not sufficiently recognized problem• Different mechanisms leading to different variants of PH 
(pre- and post-capillary)• May occur independently on pulmonary fibrosis and 
distortion of the lung parenchyma• If present, it increases the mortality risk 10.4-fold• Diagnostic approach follows the PH algorithm• The same classes of drugs for pathogenetic treatment 
of idiopathic PAH (IPAH) are seemingly effective also in 
sarcoidosis-related PH • Good vasoreactivity (good response to a pulmonary 
vasodilator) is a marker of relatively better prognosis

A. Altraja ©2017 Palmero & Sulica, 2012



Sarcoidosis of the upper airways, larynx, 
trachea, bronchi, and pleura

Upper airways:• Rare, but underdiagnosed• Nasal obstructions, chronic rhinorroea, bleeding, 
crusting, anosmia, swallowing disturbances, 
coarseness• Nasal septal or palatinal defects (histopathological 
diagnosis)

Larynx, trachea, bronchi:• Stridor, airway obstruction, and bronchiectasis• Increased probability of bronchial 
hyperresponsiveness (BHR)

Pleura:• Include pleural effusion, pneumothorax, and pleural 
thickening, but are rare (Lunch et al. 1997)

Costabel, Eur Respir J 2001; Valeyre et al. Lancet 2014 A. Altraja ©2017



Skin manifestations of sarcoidosis• Not serious, but frequent manifestation• Occur in about 25-35% of the patients• Less frequent and usually less severe in Caucasians than in 
African-Americans•Number of different skin manifestations, from small purplish 

papules to plaques and subcutaneous nodules•Preferred locations: neck, upper back, trunk, extremities,• Small maculo-papular eruptions may disappear • Other lesions tend to wax and wane, accordingly to activation or 
remission of the disease• Depigmentations in dark-skinned people•Scar sarcoidosis: localized to scars (incl. tattoos), follows 

the cycles of activation-remission• Lupus pernio: an indurated, bluish-violet discoloration of the nose, 
cheeks, lips or ears, referring usually to a poor prognosis and the 
presence of other extrapulmonary manifestations; can penetrate to 
cartilage and bone, has some female predominance• Skin manifestations (except erythema nodosum) are good targets 
for biopsies (50% faster diagnosis than in e.g. lone pulmonary 
sarcoidosis)

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 



Skin manifestations of sarcoidosis in conclusion
• Lupus pernio• Granulomatous skin plaques• Maculo-papulous lesions• Alopecia• Non-specific hyperpigmentations• Hypopigmentations (vitiligo)• Ulcerous sarcoidosis of the skin• Keloids and granulomas (“ear ring granulomas”)• Subcutaneous nodules• Ichthyosis• Scar sarcoidosis and foreign body sarcoidosis• Psoriasiform sarcoidosis• Annular sarcoidosis• Erythema nodosum: not sarcoidosis in nature

Moller, Eur Respir Mon 2005A. Altraja ©2017



•Lupus pernio as a manifestation of chronic skin (and multiorgan) sarcoidosis
A. Altraja ©2017

Lupus pernio



Granulomatous skin plaques

A. Altraja ©2017



Maculo-papulous lesions

A. Altraja ©2017

•Chest region; a 65-year-old female patient with extra-pulmonary 
sarcoidosis



Scar sarcoidosis

•Scar after preparation of a subcutaneous vein for aorto-coronary 
bypass surgery
A. Altraja ©2017



Cutaneous depigmentations due to skin sarcoidosis

•Crural region; a 73-year-old female patient with chronic, multiorgan sarcoidosis
A. Altraja ©2017



Sarcoidosis and erythema nodosum

•Erythema nodosum is characteristic of 
acute sarcoidosis, lasts for approximately 
3 weeks, and usually subsides completely 
within 6-8 weeks • Is not associated with the presence of 
granulomas• Is not specific of sarcoidosis • Is therefore not suitable target for biopsy!

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 



Ocular sarcoidosis• Is present in 20-50% (80%) of cases, usually asymptomatic • Frequent and most serious because of the threat of blindness (James 
& Angi, 1994)• Therefore, all patients with sarcoidosis should routinely undergo full 
ophthalmological investigations, including slit lamp examination and 
fundoscopy

• Any structure of the eye may be affected• The most common lesion is (anterior) uveitis (65% of patients with 
ocular sarcoidosis) •Acute anterior uveitis resolves after local therapy with 

glucocorticosteroids (or sometimes, spontaneously)•Chronic uveitis may lead to glaucoma, cataract, and vision 
loss•Chronic anterior uveitis, with insidious symptoms leading to 
glaucoma and vision loss, is more common than acute anterior 
uveitis •Posterior uveitis occurs in ~30-35% of the patients with ocular 
sarcoidosis is frequently accompanied by central nervous 
system involvement•Any uveitis detected should be considered sarcoid if the 
patient has diagnosed as having sarcoidosis• Eye dryness and conjunctivitis are present, but are less serious

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 



Less frequent forms of ocular sarcoidosis

• Neuritis of the optical nerve
• Retinal vasculitis
• Granulomatous inflammation of the orbita

Moller, Eur Respir Mon 2005A. Altraja ©2017



Sarcoidosis of the heart (cardiac sarcoidosis)
• Clinically, heart involvement occurs in 5% of patients, but the 

autopsy incidence is much higher (25-50%) (Iwai et al. 1994)
2 mechanisms:• Primary lesion due to the sarcoid granulomatous inflammation:

granulomas are located diffusely or following a tumoroid pattern• The commonest location for granulomas and scars is the left 
ventricular free wall, followed by the intraventricular septum (often 
with involvement of the conducting system)•Arrhythmias•Congestive heart failure• Chronic right ventricular overload/insufficiency due to pulmonary 
involvement (scarring, fibrosis, pulmonary hypertension)

Symptoms depending on the localization of the lesion:• Sarcoid cardiomyopathy with the loss of contractile function• Involvement of the conducting system  all types of arrhythmias 
are possible (palpitations, brady- and tachyarrhythmias, cardiac 
arrest)•Cardiac acute death is possible• Lesions are present in vascular intima and around the vessels• Valvular involvement, pericarditis

Costabel, ERJ 2001; Moller, Eur Respir Mon 2005; Iannuzzi et al. NEJM 2007A. Altraja ©2017



Investigations in cardiac sarcoidosis
• Conventional electrocardiogram (ECG) as a mandatory 

investigation in patients with sarcoidosis!• In cases of abnormalities in ECG  24-h Holter monitoring• Doppler echocardiography shows cardiac dysfunction, especially 
diastolic dysfunction, but has low sensitivity to detect focal disease• (Delayed enhancement) cardiac magnetic resonance imaging 
(CMRI) with Gd enhancement • Positron emission tomography (PET) scan: 18F-FDG PET as the 
most reliable method for the detection of granulomatous myocardial 
lesions (Soussan et al. 2013)• Hybrid methodology: CMRI + PET (Hulten et al. 2016)• Endomyocardial biopsy has a low diagnostic yield (<20%), because 
cardiac involvement is patchy and granulomas are more likely to be 
located in the left ventricle and basal ventricular septum• 201Tl accumulates in normal myocardial cells; therefore, segmental 
decrease in 201Tl uptake corresponds to granulomas/fibrosis• In contrast to such perfusion defects in ischemia, the defects 

in sarcoidosis decrease in size during exercise  termed as 
”reversed distribution” (Mana, 1997)• Coronary angiography to exclude coronary artery disease (if 

myocardial sarcoidosis is suggested by prior investigations) 

A. Altraja ©2017 Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 



Treatment of cardiac sarcoidosis
• Systemic management of the overall sarcoidosis (see 

further)• An electronic pacemaker (for complete heart block)• An automatic implantable cardioverter-defibrillator (for 
ventricular fibrillation or tachycardia and significantly 
reduced left ventricular ejection fraction (LVEF)) • Proper follow-up of the patients

Costabel, ERJ 2001; Moller, Eur Respir Mon 2005; Iannuzzi et al. NEJM 2007A. Altraja ©2017



Sarcoidosis of the nervous system (neurosarcoidosis)
• Clinically, in ~10% of all patients with sarcoidosis, but ≤25% of those, 

who undergo autopsy• Neurologic involvement precedes the diagnosis of sarcoidosis in up to 
74% of patients• Is the only manifestation in 10-17% of patients with neurosarcoidosis• ~50% of neurosarcoidosis patients develop parenchymal brain disease 
with a preference for the base of the brain (Terushkin et al. 2010)• Early manifestations (listed in decreasing order of frequency):• Cranial-nerve palsies (VII and VIII nerve): n. facialis (a part of 

Heerfordt’s syndrome), n. vestibulocochlearis• Headache,• Ataxia• Cognitive dysfunction, weakness, and seizures
Sometimes also:• Hypothalamic lesions (e.g. hypothalamic hypothyrosis)• Pituitary lesions (e.g. diabetes insipidus) 
In chronic course of neurosarcoidosis:• Various psychiatric manifestations• Space-occupying masses (meningitis, meningoencephalitis, epilepsy)• Peripheral neuropathy• Neuromuscular involvement

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Terushkin et al. 2010, Valeyre et al. 2014 



Investigations in neurosarcoidosis and treatment
• Analysis of the cerebrospinal fluid: •Non-specific lymphocytic inflammation • Increased protein content• Increased ACE activity (ACE levels are though neither 

sensitive nor specific for sarcoidosis)• In ~1/3 of patients, oligoclonal immunoglobulin bands are 
elevated that necessitates differentiation from multiple 
sclerosis)• CT, but preferably MRI with Gd enhancement with different image 

acquisition modalities is useful for detecting central nervous system 
(incl. spinal cord) involvement and guiding therapy• PET scans with different marker substances• Electromyography (EMG), nerve conduction studies (NCS)• Optical coherence tomography

• The diagnosis, in practice, rests on clinical features with confirmation 
of sarcoidosis in other organs and exclusion of other neurological 
diseases; there are more exact diagnostic criteria published• Levels of certainty: possible, probable, and definite diagnosis (based 
on biopsy of the nervous system)

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Terushkin et al. 2010 



The diagnostic criteria of neurosarcoidosis

Possible• The clinical syndrome and diagnostic evaluation suggest neurosarcoidosis. Infection 
and malignancy are not excluded or there is no pathologic confirmation of systemic 
sarcoidosis

Probable• The clinical syndrome and diagnostic evaluation suggest neurosarcoidosis. Alternate 
diagnoses are excluded. There is pathologic confirmation of systemic sarcoidosis.

Definite• The clinical presentation is suggestive of neurosarcoidosis, other diagnoses are 
excluded, and there is supportive nervous system pathology or the criteria for 
“probable” neurosarcoidosis are met and the patient has had a beneficial response to 
immunotherapy over a one year observation period

A. Altraja ©2017 Zajicek et al. QJM 1999 



Treatment of neurosarcoidosis

• An aggressive treatment: with both corticosteroids and 
immunosuppressive agents (methotrexate, 
mycophenolate mofetil, azathioprine, chloroquine, 
cyclophosphamide, or anti-TNF-α agents)• Treatment of lesions evident on MRI should be continued 
until sustained resolution occurs (assessed by the same 
technique)

A. Altraja ©2017 Terushkin et al. 2010 



Other manifestations of neurosarcoidosis
• Involvement of the optic chiasm• Cerebrovascular occlusions• Involvement of the corpus callosum• Hydrocephaly• Horner’s syndrome, Argyll-Robertson’s or Adie’s tonic 

pupil syndrome• Cerebellar involvement• Pseudotumor of the brain• Involvement of the brain stem• Transverse myelitis• Mononeuritis multiplex

• Differential diagnosis: multiple sclerosis, infections, 
neoplasms

Moller, Eur Respir Mon 2005; , Valeyre et al. Lancet 2014 A. Altraja ©2017



Sarcoidosis of the cerebellum

•MRI: hyperintensive lesion at the projection of pedunculus cerebelli in a 36-
year-old male patient ()
A. Altraja ©2017



Sarcoidosis of the lymphoid organs

• Peripheral lymph nodes are enlarged in ~1/3 of patients; 
these represent a good site for biopsy (extirpation of the 
whole lymph node) (Rizzati & Montemorro, 2000)•Mostly cervical or supraclavicular; but also 

inguinal, axillary, epitrochlear, submandibular 
lymph nodes; painless and mobile• Spleen involvement in 40-80% of cases (seen on CT 

scan in just 15% of cases)•Splenomegaly•Symptoms due to splenomegaly (e.g. local 
pressure, hematological abnormalities related 
to hypersplenism) are rare•Rupture of the spleen (spontaneous or traumatic) 

is very rare in sarcoidosis)
Costabel, Eur Respir J 2001; Valeyre et al. Lancet 2014 A. Altraja ©2017



Sarcoidosis of the spleen

•Hypodense areas corresponding to focal involvement of the spleen on 
abdominal CT-scan
A. Altraja ©2017



Gastrointestinal manifestations of sarcoidosis
• Inflammation of the major salivary glands, e.g. parotitis 

(common)• Involvement of the minor salivary glands in the oral 
cavity is also common (a good target for biopsies for 
morphological confirmation of sarcoidosis)• Heerfordt’s syndrome (heralds a good prognosis):•Fever•Facial nerve palsy•Anterior uveitis (chorioiditis)•Parotitis• Liver involvement (in ~50-80% of cases)• A pancreatic mass• Stomach involvement• Appendicitis

Costabel, Eur Respir J 2001 Moller, Eur Respir Mon 2005A. Altraja ©2017



Liver manifestations in sarcoidosis
• On CT-scan, hepatic and splenic lesions are found in 5% and 15% of 

patients, respectively• Granulomas on liver biopsy are present in ≤80% of patients; in 
African-Americans, 2 more frequently than in Caucasians

• In ~60% of patients with hepatic sarcoidosis have constitutional 
symptoms: fever, night sweats, anorexia, and weight loss• ~10% of all patients with sarcoidosis have elevated serum 
aminotransferase and alkaline phosphatase levels• A palpable splenomegaly: in ~20% of patients with sarcoidosis• Occasionally, liver involvement is severe: intrahepatic cholestasis, 
hepatic failure, liver cirrhosis (1%), and portal/portopulmonary 
hypertension

• The liver should not be the site of first-choice biopsy: liver 
granulomas are formed in many alternative disorders of the liver 
(although used historically, this makes differential diagnosis very 
difficult)

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007 



Renal involvement in sarcoidosis
2 mechanisms:• Granulomatous interstitial nephritis (less frequent, rarely leads to 

renal failure)• Hypercalcemia and hypercalciuria •Hypercalcemia in 10-17% of patients with sarcoidosis (less 
common than hypercalciuria, severe, if >3.5 mmol/L)•Hypercalciuria (in 40-62% of patients): measurement of 
excretion of Ca2+ in 24-h urine is mandatory in all patients with 
sarcoidosis

• Hypercalciuria is defined as the ratio of diurnal excretion of Ca2+ to 
that of creatinine (in mass units) being >0.2 (Heinle & Chang, 2014 )• Reason: increased production of 1,25 dihydroxy-vitamin D3
(calcitriole) in sarcoid granulomas and activated macrophages that 
possess 25-hydroxyvitamin D-1α-hydroxylase, which converts 25-
hydroxy-vitamin D to its more active metabolite, 1,25 dihydroxy-
vitamin D) (Sharma, Eur Respir Mon 2005)• In addition, also through the parathyroid hormone-related 

peptide (PTHrP)•Nephrocalcinosis (overproduction of vitamin D)•Urolithiasis (5-10%)•Renal failure•Osteoporosis necessitating separate management later on
A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Hilderson et al. 2014 



Involvement of bones, joints, and muscles in 
sarcoidosis

Bones• Cystic bone lesions (in distal phalanges): rare manifestations 
and only in chronic sarcoidosis; are treatment-resistant• Visible on MRI and PET scans, sometimes on CT-scans• hands and feet are classically most involved, also large 
bones and axial skeleton• Often asymptomatic; painful joints in 25-39%• Tests: radiography, MRI, 18F-FDG PET, biopsy

Joints• Deforming arthritis is possible, but rare
Muscles• Proximal muscle weakness, amyotrophy (to be differentiated 

from glucocorticosteroid myopathy), intramuscular nodules• Myalgia in pectoral and upper arm muscles• Tests: creatine phosphokinase, MRI, 18F-FDG PET, 
electromyography, biopsy

A. Altraja ©2017 Costabel, ERJ 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. Lancet 2014 



Involvement of hemopoietic organs in 
sarcoidosis

Rarely severe:• Leukopenia in 40% of patients• Mechanism: accumulation of peripheral 
blood T-lymphocytes into the sites of 
sarcoid inflammation

Rarely:• Hemolytic anemia• General myelosuppression

Costabel, Eur Respir J 2001A. Altraja ©2017



Involvement of the endocrine system in 
sarcoidosis

• Thyroid nodules or mass, thyroiditis• Hypothalamic-pituitary involvement• Hypothalamic lesions (hypothalamic hypothyrosis) • Pituitary involvement (various forms of 
hypopituitarism, diabetes insipidus)• Pancreatic involvement• Heerfordt’s syndrome

Moller, Eur Respir Mon 2005A. Altraja ©2017



The diagnosis of sarcoidosis
Sarcoidosis is a very heterogeneous disease with 
manifestations varying with race, sex, and age
The diagnosis is based on 3 criteria: 1) a combination of 
clinical, radiographic, and 2) histopathological features 
and 3) exclusion of other etiologies in the differential 
diagnosis

1. A compatible clinical and/or
radiological picture

2. A histopathological evidence of non-
caseating granulomas

3. Exclusion of other conditions capable of 
providing a similar morphological or clinical 
picture

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



The principal diagnostic work-up in sarcoidosis
In all cases of clinical or radiographic suspicion of 
sarcoidosis, the following diagnostic work-up should be 
directed to achieve the following 4 goals:

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 

1. To get histopathological confirmation of non-
caseating granulomas 

Except these situations/scenarios, where the 
need for biopsy may be excluded

2. To assess the severity and extent of organ 
involvement
3. To assess, whether the disease is stable or is 
(probably) progressive 

To assess the phenotype (and even endotype) of 
sarcoidosis

4. To evaluate, whether treatment would be indicated or 
effective in the particular patient



The sites for biopsies if the morphological diagnosis is 
necessary in sarcoidosis

• Biopsies from the organ(s) most easily accessed• Most usually, one positive biopsy from one site is sufficient•Skin (all lesions except erythema nodosum!)•Peripheral lymph nodes•Oral (lip) mucosa (small salivary glands)•Lacrimal glands, sclera•Liver biopsy not recommended because of high 
probability of non-specific lesions• Bronchoscopy with bronchoalveolar lavage (BAL)• Endobronchial ultrasound-guided transbronchial needle 

aspiration (EBUS-TBNA): highly effective for mediastinal and 
hilar lymphadenopathy• Can prevent the need for 87% of mediastinoscopies (MESK)) and 
could be done first before ancillary bronchoscopic methods like 
transbronchial biopsy (TBB) or transbronchial cryobiopsy 
(CTBB)) • Surgical lung biopsy (SLB): videothoracoscopy-associated 
(VATS) or (rarely) open lung biopsy

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



The diagnosis of sarcoidosis: bronchoscopy• Not useful to diagnose sarcoidosis without ancillary methods• BAL: an increased ratio of CD4+/CD8+ T-lymphocytes (3.5) 
(Costabel, Eur Respir J 1997) or >2 with ≤1% neutrophils and ≤1% 
eosinophils (Winterbauer et al. 1993)• EBUS-TBNA): highly effective for the diagnosis of mediastinal and 
hilar lymphadenopathy• Positive for sarcoidosis in 82% of cases• Excludes the need for mediastinoscopy) (Annema et al. 2005)• Rapid on-site cytological examination is possible • Transbronchial biopsy (ATS/ERS/WASOG 1999):•Has a sensitivity of 81%, specificity of 95%, positive predictive 

value of 95%, and negative predictive value of 95% in 
distinguishing sarcoidosis from all other diseases• The diagnostic yield is high (80-90%), if >4…5 biopsies are 
taken from different segments of the same lung (Gilman & 
Wang, 1989)• Including in stage I sarcoidosis (70-80%) (Kopp et al. 1983)• Forceps biopsy of the mucosa of the central airways has not 

sufficient diagnostic power
A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



Transbronchial biopsy (TBB) in the diagnosis of sarcoidosis
•An old method•The diagnostic yield is 80-90% if 4-5 biopsies are taken 
from different segments of the same lung (Gilman & 
Wang, 1980)

•Kopp et al. 1983: the diagnosis with 5 biopsies per 
procedure:•80% in stage I sarcoidosis•85% in stage II sarcoidosis•87% in stage III sarcoidosis

• Complications:•5% bleeding•5% pneumothorax• Replaced by transbronchial cryobiopsy (complications 
are the same, slightly more frequent, as the biopsies are 
larger)

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



Sarcoidosis: is the morphological diagnosis 
always needed?

•Some patients refuse•Associated with high risk (e.g. surgical lung biopsy)•In advanced cases of sarcoidosis with no anticipated 
effect of treatment•In certain clinical situations, it is not needed

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



When the morphological diagnosis is not needed 
in sarcoidosis?

Biopsies are needed, however, if:•The hilar lymphadenopathy is asymmetric or is accompanied by 
paratracheal lymphadenopathy (mediastinal enlargement)•If the differential diagnosis is more probable than sarcoidosis 
and its diagnosis needs, by its criteria, morphological 
confirmation 

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 

In clinical cases, according to a consensus, morphology 
is NOT needed for:
1. The diagnosis of Löfgren’s and Heerfordt’s syndromes
2. The diagnosis of typical symmetric bilateral hilar 
lymphadenopathy, which is asymptomatic (the patient 
has also normal lung function) or is associated with 
uveitis
3. If there is a clinical presentation characteristic of 
sarcoidosis and in BAL, there is an increased ratio of 
CD4+/CD8+ T-lymphocytes (≥3.5) (Costabel, Eur Respir J 
1997) or >2 with ≤1% neutrophils and ≤1% eosinophils 
(94% specificity) (Winterbauer et al. 1993)



A proposed diagnostic algorithm for sarcoidosis

Valeyre et al. Lancet 2014

BHL = bilateral hilar lymphadenopathy; TBB = transbronchial biopsy; ROSE = rapid on-site cytological examination



Symmetric bilateral hilar lymphadenopathy: stage 
I sarcoidosis (?)

A. Altraja ©2017



Lymphadenopathy in lymphogranulomatosis

Extended and strongly 
asymmetric 
lymphadenopathy 
accompanied by 
paratracheal 
lymphadenopathy 
(mediastinal enlargement); 
this lymphadenopathy 
interferes with ventilation 
of the right middle lobe

A. Altraja ©2017



Symmetric bilateral 
hilar 

lymphadenopathy 
superimposed by 

parenchymal 
opacities: stage II 

sarcoidosis (?)

A. Altraja ©2017



Bilateral involvement of the lung parenchyma: 
peribronchovascular and paraseptal fine-nodular 

opacities: stage III sarcoidosis (?)

A. Altraja ©2017



Bronchoscopy in sarcoidosis: a macroscopic 
view of a patient with a stage I sarcoidosis (a non-

specific finding)

A. Altraja ©2017



A. Altraja ©2017

Bronchoscopy in sarcoidosis: a macroscopic 
view of a patient with a stage I sarcoidosis (a non-

specific finding)



Suspicion of sarcoidosis Normal finding

A. Altraja ©2017

Bronchoscopy in sarcoidosis: a macroscopic 
view of a patient with a stage I sarcoidosis 

(hyperemia and vasodilation of the mucosa, a 
non-specific finding)



Histopathological finding in pulmonary 
sarcoidosis

•Relatively large epitlelioid cell granulomas, mainly close 
to the lymphatic vessels, multi-nucleated giant cells of the 
Langhans’ type are visible (hematoxylin and eosin 
staining, bar = 10 µm)

A. Altraja ©2017



Other mandatory tests in sarcoidosis
•Detailed history (occupational and environmental exposures, link 
to patient’s symptoms)•Physical investigations•Chest X-ray, HRCT•Spirometry, reversibility testing, measurement of the diffusing 
capacity of the lung (DLco and Kco)•Common physical exercise tests (6-min. walk test)

•Blood analysis•Serum biochemistry (Ca2+, ionized Ca2+, 1,25 dihydroxy-vitamin D3, 
ASAT, ALAT, -GT, creatinine, urea, lysozyme, ACE)•Ordinary urine analysis•The ratio of diurnal excretion of Ca2+ to that of creatinine (in mass 
units)

•ECG•Routine inspection of the eyes•Tuberculin skin test and/or interferon- releasing assay (IGRA)

Costabel, 2001; Costabel et al. 2008; Valeyre et al. 2014 A. Altraja ©2017



The role for biomarkers in sarcoidosis
S-ACE:• Although 40-80% of patients react with an elevation, serum 

ACE is neither specific nor sufficiently sensitive 
biomarker, even after correction for insertion or deletion 
gene polymorphisms that affect serum concentrations• Is generated by epithelioid cells and macrophages and reflects the extent of the 
granulomatous process in the whole body without a reference to any particular 
organ • The initial S-ACE value has no prognostic significance• S-ACE is not accurate for the diagnosis of sarcoidosis• Is, however, suitable for monitoring in those, who react• False-positivity is seen in: diabetes, osteoarthritis, 
tuberculosis, leprosy, fungal infections, Gaucher’s 
disease, chronic berylliosis, silicosis, Hodgkin’s 
lymphoma, and hyperparathyroidism

Other suggested biomarkers:• Serum interleukin-2 receptor (sIL-2R), neopterin, 
chitotriosidase, lysozyme, Krebs von den Lungen-6 (KL-6), 
amyloid A, matrix metallopeptidase-14 (MMP-14), MCP-1, 
MIP-1α, TNF-α 

A. Altraja ©2017

Costabel, 2001; Costabel et al. 2008; Spagnolo et al. 2011 
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Other investigations in sarcoidosis
•Kveim-Siltzbach’s skin test: injection of homogenate of 
human sarcoid tissue extract intradermally; •4 weeks later, the papule that develops at the site of injection is 

biopsied for histopathology•Not in use anymore: no commercially available preparation; constraints 
presented by the use of human tissue extracts for clinical purposes; the 
preparation requires validation in vivo)•There are no false negatives, true positives account for ~50%•67Ga-scan: “panda-sign” (accumulation into the lacrimal 

glands); “lambda-sign” (accumulation into the pulmonary 
hilar areas and mediastinum (lymph nodes))•Thallium (204Tl) scan
•Interferon-γ release assay (IGRA): distinctly from 
tuberculin skin testing (that can appear negative in co-
occurrence of sarcoidosis and tuberculosis), IGRA reveals 
tuberculosis infectedness even in the presence of 
sarcoidosis

Costabel, 2001; Iannuzzi et al. 2007; Costabel et al. 2008; Valeyre et al. 2014 A. Altraja ©2017



PET-(CT) scans in sarcoidosis•18F-fluorodeoxyglucose (18FDG) positron emission tomography 
(PET) • 18FDG-PET reveals areas with hypermetabolism of 

glucose•Mainly in use to show up extra-pulmonary 
manifestations, finding target sites for biopsies, and 
distinguishing between exacerbations and remissions•L-[3-18F-fluoro]-α-methyltyrosine (18FMT) PET: 
differentiates sarcoidosis from neoplasmatic lesions 
(”defects” develop on the basis of hypometabolism)•Various other alkyltyrosine compounds are in use•In practice, PET-CT scans are used:•To accurately assess inflammatory activity (especially in 

extra-pulmonary areas) and to find target sites for biopsies•For detection of cardiac sarcoidosis (after inhibition of 
the physiological myocardial uptake with heparin injection 
or appropriate diets)•To detect active (treatable) inflammation in stage IV 
pulmonary sarcoidosis•To determine the “total granuloma load”

Bauhgman et al. 2009; Valeyre et al. 2014 A. Altraja ©2017



18FDG PET-CT scan in extra-pulmonary sarcoidosis

•18FDG PET-CT scan: significant accumulation of the activity at the left temporal 
mastoid process in a 36-year-old male patient

A. Altraja ©2017



Pulmonary sarcoidosis: 18FDG PET-CT scan

•18FDG PET-CT scan: a positive effect of 10-month therapy in the same 36-year-
old male patient

A. Altraja ©2017



18FDG PET-CT scan in extra-pulmonary sarcoidosis

•A 65-year-old female patient with multi-focal extra-pulmonary 
sarcoidosis. Left panel: lupus pernio at the right cheek (). Right panel: 
bilateral symmetric involvement of the axillary lymph nodes ()
A. Altraja ©2017



67Ga scan in sarcoidosis
•Involvement of the lungs, mediastinum, mediastinal lymph nodes, 
nose, liver, spleen, and lacrimal and parotid glands; in addition, 
numerous subcutaneous nodules are visible

•“Panda sign”

Iannuzzi et al. NEJM 2007 A. Altraja ©2017



Ordinary investigations in sarcoidosis in conclusion•Detailed history (occupational and environmental exposures, link to 
patient’s symptoms) and physical investigation•Chest X-rays (and HRCT scans if positive)•Biopsy from a reasonably accessible site (specific standings)•Lung function investigations (spirometry with reversibility testing); 
measurement of DLco, Kco, and total lung capacity (TLC) with transfer 
test•ECG•Full eye control (including slit lamp examination and fundoscopy)•Full blood tests•Serum biochemistry: Ca2+, urea, creatinine with clearance, 
phosphates, albumin, alkaline phosphatase, ALAT, ASAT, γ-glutamyl 
transferase, CRP, 1,25 dihydroxy-vitamin D3, parathyroid hormone, 
PTHrP etc.•Serum ACE activity (suitable for monitoring of the activity of 
sarcoidosis in those, who have shown up an increase)•Urine: diurnal Ca2+ excretion; ratio of diurnal excretion of Ca2+ to that 
of creatinine; protein excretion•Tuberculin skin test, IGRA•Investigations related to organ involvement:•Heart, lungs, kidneys, nervous system, eyes, musculoskeletal 

system etc.
Iannuzzi et al. NEJM 2007, Spagnolo et al. 2011; Valeyre et al. 2014 A. Altraja ©2017



Organ-related investigations in sarcoidosis in conclusion

•Heart (routinely ECG):•Holter-monitoring•Electrophysiological investigations for the diagnosis of 
arrhythmias•Echocardiography•Cardiac PET- and MRI-scans•N-terminal pro-brain natriuretic peptide and troponin T•Cardiopulmonary exercise testing may be considered• The lungs (in addition to the routinely performed investigations):•Right heart catheterization (in pulmonary hypertension)•Central nervous system (additional to the routine analyses):•Analysis of the cerebrospinal fluid (CSF)•MRI scan with Gd enhancement (of diagnostic and prognostic 
value)•Kidneys (routinely diurnal Ca2+ excretion; creatinine clearance; ratio 

of diurnal excretion of Ca2+ to that of creatinine; protein excretion) •Ultrasound to detect nephrocalcinosis•Renal biopsy if needed

A. Altraja ©2017 Iannuzzi et al. NEJM 2007, Spagnolo et al. 2011; Valeyre et al. 2014 



Differential diagnosis of pulmonary sarcoidosis
•Infections: particularly tuberculosis (intrathoracic 
lymph nodes); other infections (all microorganisms)•Occupationally, environmentally, and drug-induced 
granulomatoses (chronic berylliosis, silicosis, and other 
pneumoconioses)•Common variable immune deficiency; Blau’s 
syndrome; sarcoid-like reactions in cancers and 
lymphomas•Other idiopathic granulomatoses: systemic and 
especially pulmonary Langerhans cell histiocytosis 
(PLCH), non-Langerhans cell histiocytoses; 
granulomatous polyangiitis (Wegener’s granulomatosis)•Malignancies: lymphomas (Hodgkin’s and non-
Hodgkin); carcinomatosis•Other interstitial lung diseases: incl. idiopathic 
interstitial pneumonias (IIP)); systemic sclerosis (NSIP)•Imaging-related: anomalous pulmonary arteries etc.

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



Differential diagnosis of extra-pulmonary manifestations 
of sarcoidosisUpper airways:•Tuberculosis•Leprosy•Granulomatous polyangiitis (Wegener’s granulomatosis)

Kidneys:•Side effects of NSAID•Granulomatous polyangiitis (Wegener’s granulomatosis)•Interstitial nephritis of other etiologies 
Nervous system:•Multiple sclerosis•All infections•Various inflammatory conditions•Neoplasms
Ocular:•Ocular and facial palsies in Lyme disease or herpes zoster•Spondyloarthridities (uveitis)
Bowel:•Crohn’s disease

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Valeyre et al. 2014; Heinle & Chang, 2014 



Differential diagnosis of granulomatous pulmonary diseases

•Tuberculosis (intrathoracic lymph nodes); •Other infections (mycobacterial (incl. leprosy), 
bacterial, fungal, protozoan, viral)•Hypersensitivity pneumonitis•Chronic berylliosis, silicosis, and other 
pneumoconioses•Foreign body (reaction)•Granulomatous polyangiitis (Wegener’s 
granulomatosis) and eosinophilic granulomatous 
polyangiitis (Churg-Strauss’ syndrome)•Lymphomatoid granulomatosis (angiocentric 
lymphoma)•Bronchocentric granulomatosis•Necrotizing sarcoid granulomatosis•Langerhans cell histiocytosis and non-Langerhans cell 
histiocytoses

A. Altraja ©2017



The course and prognosis of sarcoidosis•A benign disease as a rule with good prognosis•Prone to spontaneous remission (60-70% of all cases)•The best prognosis in acute sarcoidosis: Löfgren’s 
syndrome•Spontaneous remission in 10-30%, even in chronic course•~20% patients remain with permanent clinical symptoms due 
to irreversible, mainly pulmonary fibrosis•Of stage IV patients, 12% need long-term oxygen therapy, 
many develop complications, incl. PH (29.7%)•Sarcoidosis renders lower survival rate than in the general 
population; mortality is slightly increasing•Mortality: 1-7.6%, most in stage IV lung disease (68.7% of 
decedents)•Death is due to sarcoidosis itself: due to advanced 
pulmonary fibrosis (stage IV) and hypertension (a robust 
predictor of mortality) and less to cardiac, CNS, and hepatic 
involvement•The lifetime risk of sarcoidosis in African-Americans is 2.4% 
(0.8% in whites)

Costabel, Eur Respir J 2001; Valeyre et al. 2014; Heinle & Chang, 2014 A. Altraja ©2017



Risk factors of chronic course and worse 
prognosis in sarcoidosis

•An inverse relation between radiographical stage at 
presentation and the probability of spontaneous recovery
•Black ethnicity
•Onset of sarcoidosis at >40 years of age
•Sarcoidosis of the central nervous system (other than 
isolated nerve palsy), heart, bone (cystic lesions), and 
sino-basal sarcoidosis, lupus pernio, nephrocalcinosis, 
chronic hypercalcemia, and chronic posterior uveitis
•Progressive pulmonary sarcoidosis, bronchial stenosis, 
stage IV pulmonary sarcoidosis
•Low income and social barriers to care

A. Altraja ©2017 Costabel, Eur Respir J 2001; Valeyre et al. 2014



Probability of spontaneous remission after the 
diagnosis of sarcoidosis

•There are no excellent BAL or serum markers to predict the 
prognosis of sarcoidosis•In 50% of cases, the disease resolves spontaneously within 
2 years; in many other cases within 5 years•After 5 years, remission is much less likely•Probability of remission by lung stages:

•Stage I: 55-90%•Stage II: 40-70%•Stage III: 10-30%•Stage IV: 0-5%•Usually, a spontaneous remission is waited during 1-3 
years•In general, an absence of remission after 24 months refers 
to a chronic persistent course•In patients, who have had a spontaneous remission or 
stabilization, further relapses are rare (2-8%)

A. Altraja ©2017 Costabel, Eur Respir J 2001; Valeyre et al. 2014



Sarcoidosis in children
•Much less frequent than in adults; the prevalence:•0.06/100,000 at age <4-5 years of age•1.02/100,000 at and after 14-15 years of age•The clinical presentation is similar to that of 
adults•Children have relatively more frequently skin 
lesions, uveitis, arthritis, and stage I pulmonary 
sarcoidosis

•Blau’s syndrome (familial juvenile systemic 
granulomatosis) is a disease that resembles 
sarcoidosis

Iannuzzi et al. NEJM 2007; Valeyre et al. 2014; Heinle & Chang, 2014 A. Altraja ©2017



Clinical follow-up of patients with sarcoidosis
•Physical examination
•Clinical signs and symptoms
•Radiographic follow-up

•Radiographic changes poorly correlate with changes in 
lung function

•Serial testing of lung function
•Treatment for pulmonary sarcoidosis is best guided by 
lung function measurements (Ianuzzi et al. 2007)

•Organ-specific testing according to the affected organs

Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. 2014 A. Altraja ©2017



Schedule for follow-up of patients with sarcoidosis
•Examination and chest radiograph every 3-6 months
•Lung function tests, ECG, and blood tests (serum 
creatinine, Ca2+ etc.) every 6 months
•Best: simultaneous use of pulmonary function tests, 
radiographic changes, and symptoms
•Serial measurement of S-ACE has no established role in 
the monitoring of sarcoidosis
•Monitoring of treatment side effects (bone densitometry 
in glucocorticoid users, eye control after 6 months in 
hydroxychloroquine users) 

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. 2014 



Duration of follow-up of patients with sarcoidosis
•Relapses mostly occur 2-6 months after corticosteroid 
withdrawal

•Are rare after 3 years without symptoms
•Therefore, a minimum of 3 year follow-up after the end of 
treatment is justified before recovery can be confirmed
•Long-term follow-up is not needed after disappearance of 
chest radiographical changes for 3 years, there are no new 
symptoms or exacerbations, and there is no extra-pulmonary 
involvement
•Patients with persistent stable or severe extra-pulmonary 
sarcoidosis need long-term follow-up
•There relapse risk is high, when remission has been 
achieved by systemic glucocorticosteroids

A. Altraja ©2017 Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007; Valeyre et al. 2014 



Follow-up of patients with ocular and cardiac sarcoidosis

Ocular sarcoidosis•Full ophthalmological control in both pulmonary and extra-
pulmonary sarcoidosis:•If no eye problems are (or have been) present: a consultation at 

least once a year•If there are (or have been) eye problems: a consultation at least 
once per 6 months

Cardiac sarcoidosis•If the diagnosis of extra-pulmonary sarcoidosis has been biopsy-
proven:•A consultation by a cardiologist is necessary for further 

investigations (ECG, EchoCG, Holter-monitoring etc.)

Bauhgman, 2016A. Altraja ©2017



The principles of treatment in sarcoidosis•There is no cure for sarcoidosis•Treatment just modifies the granulomatous process and its clinical 
consequences•The mechanisms of action for drugs used are only partly understood, 
etiotrophic treatment is missing•Most drugs target TNFα•Response to systemic glucocorticosteroids does not confirm the 

diagnosis; glucocorticosteroids are not always the 1st choice•A significant proportion of patients lack symptoms and risks from 
sarcoidosis or these are minor•A tendency for spontaneous remission in a considerable proportion (60-
70%) of patients: no therapy is needed•Not clear, whether the therapy can change the outcome•20%-70% of patients still need systemic therapy•The decision to treat (either immediately or during follow-up) is guided by 
3 factors:•Risk of severe dysfunction or irreversible damage to major organs•Risk of death•The presence of incapacitating, constitutional symptoms•Risk-benefit ratio needs to be considered•If there are no absolute indications (cardiac, ocular etc. involvement), the 
needs and wishes of the patients are to be taken into account (Baughman, 
2016)

Costabel, Eur Respir J 2001; Iannuzzi et al. NEJM 2007; Baughman, 2016 A. Altraja ©2017



Goals for treatment of sarcoidosis
In pulmonary sarcoidosis:•Providing a quick symptom relief•Avoidance of irreversible organ dysfunction (fibrosis)

How to approach a patient with sarcoidosis?•The best strategy would be to observe newly diagnosed 
patients with a high probability of spontaneous resolution 
and•To decide on a treatment when the disease progresses 
(concordant radiographical and functional progression)

In the involvement of other organs:•Avoidance of life-threatening complications and 
irreversible organ dysfunction/failure•Symptom relief

Costabel, Eur Respir J 2001A. Altraja ©2017



Indications for treatment in extra-pulmonary 
sarcoidosis

Systemic glucocorticosteroids (James, 1998; 
Hunninghake, 1999; Johns & Michele, 1999):•Life- or sight-threatening organ involvement•Cardiac involvement•Involvement of central nervous system•Ocular disease not responding to (allowed first) topical 
therapy•Persistent hypercalcemia•Persistent renal dysfunction•Severe liver dysfunction with portal hypertension or 
jaundice•Palpable splenomegaly or evidence of hypersplenism•Severe fatigue and weight loss•Dysfiguring skin lesions (cosmetically important)•Chronic myopathy

Costabel, Eur Respir J 2001A. Altraja ©2017



Indications for treatment in pulmonary sarcoidosis
•Just follow-up until progression (Hunninghake et al. 1994; 
Gibson et al. 1996; Hunninghake, 1999)•Asymptomatic patients with normal lung function 

(radiographically stage 0/1)•Patients with minimal, well-tolerated symptoms and 
only mild, functional abnormalities, until their disease 
progression (NSAID are indicated for symptoms)

•In others (especially in symptomatic individuals), treatment is 
indicated or should be considered (Stages II-III sarcoidosis)•Patients of stages II-III need, as a rule, systemic 

glucocorticosteroids•Patients with advanced pulmonary fibrosis (stage IV) 
do not react most probably to glucocorticosteroids, 
though, the decision is individual and depends on the 
amount of active sarcoid inflammation in the lungs 
(visible usually on 18F-FDG PET-CT-scan)

Costabel, 2001; Spagnolo et al. 2011, Baughman et al. 2013A. Altraja ©2017



An algorithm for treatment of pulmonary sarcoidosis

R. P. Baughman et al. Eur Respir J 2013



Treatment of sarcoidosis with systemic glucocorticosteroids: 
general matters

•No validated protocol for dose and treatment duration•Initial treatment: prednisone 20-40 mg daily for 6-12 weeks, with dose 
reduction after this time•A minimum of 12 months of maintenance therapy is often suggested to 
prevent relapse•Some think: treatment should be stopped after 6 months (Judson, 1999)•Adjustments are made according to clinical presentation•Treatment for 3-6 months might be adequate in acute forms •Low-dose treatment for many years might be needed in chronic forms•Criteria for response (Spagnolo et al. 2011; Baughman et al. 2013): • Clinical signs and symptoms• Chest imaging (X-ray, PET scan)• Pulmonary function tests (incl. 6-min walk distance (6MWD))• Quality of Life (dyspnea questionnaires, SGRQ, Sarcoidosis 

Health Questionnaire (SHQ), fatigue assessment scale) (FAS)• S-ACE activity (not supported by all investigators)
Combining glucocorticosteroids with steroid-sparing agents is popular:•Methotrexate, azathioprine etc.

Costabel, 2001; Iannuzzi et al. 2007; Spagnolo et al. 
2011; Baughman et al. 2013; Valeyre et al. 2014 A. Altraja ©2017



Treatment of sarcoidosis with systemic 
glucocorticosteroids: organ-specific issues

In life-threatening situations (heart, CNS, and kidney 
involvement or severe ophthalmological localizations)

•The initial dose is 1 mg/kg daily

A. Altraja ©2017 Valeyre et al. 2014 



Alternative medications in sarcoidosis•To get „steroid-sparing effect“•In cases of long term side-effects of or contraindication for 
glucocorticosteroids•In cases of ineffectiveness or glucocorticosteroid-resistance•In involvement of specific organs•Used in parallel with or glucocorticosteroids or alone
Combination of (favorite) choice:•Methotrexate 10-25 mg (usually 12.5 mg (+ 5 mg folic acid)) once a 
week (”Second-line drug of the 1st choice”) (Baughman, 2016) in 
parallel with 10 mg prednisolone ×1 once daily•Antimalarial drugs or tetracyclines: preferable to 
glucocorticosteroids for mild skin involvement, antimalarials also 
for mild hypercalcemia•Conventional „steroid-sparing drugs“ are: antimalarials, 
methotrexate (10-25 mg/week), and azathioprine (50-200 mg/day) •Others include: cyclophosphamide (50-150 mg/day), but also 
mycophenolate mofetil 500-3000 mg/day, leflunomide (10-20 
mg/day), chlorambucil (200-400 mg/day)

Costabel, 2001; Spagnolo et al. 2011; Valeyre et al. 2014; Baughman, 2016 A. Altraja ©2017



Alternative medicines in sarcoidosis
•Chloroquine and hydroxychloroquine (200-400 mg/day, antimalarial drugs)• Control hypercalcemia and hypercalciuria (via vitamin D3 precursors)• Used in renal and skin sarcoidosis, lupus pernio, and other cosmetically 

important forms of skin sarcoidosis (Zic et al. 1991)• Also in neurosarcoidosis and pulmonary involvement (Baltzan et al. 1999)• Hydroxychloroquine, though less active, is preferred to chloroquine due 
to lower ocular toxicity•Leflunomide, an antimetabolite, is a steroid-sparing agent, efficient alone or 

with methotrexate in pulmonary and extra-pulmonary localizations that have 
been poorly responsive to previous treatment or if there have been toxic effects•Ketoconazole (600-800 mg/day, controls hypercalcemia and hypercalciuria)•Cyclosporin A (also effective in pulmonary sarcoidosis, Wyser et al. 1997)•Thalidomide (50-200 mg/day) (steroid-sparing, skin sarcoidosis, Carlesimo et 
al. 1995)•Pentoxifylline (400-2000 mg/day) with or without glucocorticosteroids (Zabel et 
al. 1997)•Tetracyclines (minocycline 200 mg/day, doxycycline 200 mg/day): inhibitors of 
matrix metalloproteinases, angiogenesis, apoptosis, and granuloma formation•Colchicine (less used)•TNF- antagonists (see further)

A. Altraja ©2017 Costabel, 2001; Iannuzzi et al. 2007; Spagnolo et al. 2011; Valeyre et al. 2014



TNF- antagonism in the treatment of sarcoidosis
•~10% of patients with chronic sarcoidosis still have active disease 
despite receiving at least 1 immunosuppressant drug•TNF- is crucial in the pathogenesis of granulomas•Release of TNF- is inhibited by thalidomide and pentoxifylline

•Apremilast (a phosphodiesterase-4 inhibitor, inhibits also spontaneous 
production of TNF-effective in difficult-to-treat skin lesions)•TNF-receptor blockers: • Etanercept (ineffective in progressive pulmonary and ocular 

disease)• TNF-receptor-blocking monoclonal antibodies: •Infliximab (3-5 mg/kg intravenously at week 0, 2, 6; then every 
4-8 weeks): used in rapidly progressive and treatment-
resistant chronic sarcoidosis and in certain extra-pulmonary 
forms (CNS, eye, recalcitrant involvement, and lupus pernio•Adalimumab (in cases of ineffectiveness in intolerance of 
infliximab) (Crommelin et al. 2016; efficacious in uveitis)•Rituximab (effective in refractory ocular lesions)•Biosimilar monoclonal antibodies•Certolizumab, golimumab

A. Altraja ©2017

Iannuzzi et al. 2007;
Antoniu, Expert Opin Ther Targets 2010; Drent, 2014; Valeyre et al. 2014 



Treatment of sarcoidosis depending on organ manifestations

A. Altraja ©2017

Organ Clinical signs Treatment
Lungs Dyspnea + FEV1 <70%

Cough, wheeze
Prednisolone 20-40 mg 1
Inhaled glucocorticosteroids

Eyes Anterior uveitis

Posterior uveitis
N. opticus’ neuritis

Glucocorticosteroids topically 
+ mydriatics
Prednisolone 20-40 mg 1
Prednisolone 20-40 mg 1

Skin Lupus pernio

Nodules and plaques

Erythema nodosum

Prednisolone 20-40 mg 1
Hydroxychloroquine 400 mg 1
Thalidomide 100-150 mg 1
Methotrexate 10-15 mg per week
Prednisolone 20-40 mg 1
Hydroxychloroquine 400 mg 1
NSAID

Central 
nervous 
system

Cranial nerve palsies
Bain involvement

Prednisolone 20-40 mg 1
Prednisolone 40 mg 1
Azathioprine 150 mg 1, radiation
Hydroxychloroquine 400 mg 1

Iannuzzi et al. NEJM 2007; Spagnolo et al. 2011 



Organ Clinical signs Treatment
Heart Total blockade

Tachycardia, ventricular 
fibrillation
Decreased left ventricular 
ejection fraction

Pacemaker
Implantable automatic defibrillator 
(AICD)
AICD; Prednisolone 20-40 mg 1 
Transplantation

Liver, 
spleen

Cholestatic hepatitis with 
constitutional symptoms

Prednisolone 20-40 mg 1
Ursodiol 15 mg/kg 1

Joints and 
muscles

Arthralgias
Granulomatous arthritis
Myositis, myopathy

NSAID
Prednisolone 20-40 mg 1
Prednisolone 20-40 mg 1
Hydroxychloroquine 400 mg 1

Hyper-
calcemia, 
hyper-
calciuria

Fatigue, nephrolithiasis Prednisolone 20-40 mg 1
Hydroxychloroquine 400 mg 1
Ketoconazole 600-800 mg 1
Immunosuppression, kidney 
transplantation, low calcium- and 
vitamin D-diet

A. Altraja ©2017

Treatment of sarcoidosis depending on organ manifestations

Iannuzzi et al. NEJM 2007; Spagnolo et al. 2011 



Organ Treatment
Upper airways Alkaline sprays

Topical glucocorticosteroids
Systemic glucocorticosteroids
Hydroxychloroquine
Methotrexate

Fever, night sweats
Arthralgias, incl. Löfgren’s syndrome

NSAID
Glucocorticosteroids only in 
severe symptoms

A. Altraja ©2017 Spagnolo et al. 2011 

Treatment of sarcoidosis depending on organ manifestations



Topical glucocorticosteroids in sarcoidosis
•Useful in eye and skin involvement, but also in nasal 
sarcoidosis and anterior uveitis

•Inhaled glucocorticosteroids: •Alleviate cough and bronchial 
hyperresponsiveness•Not an established means of contemporary 
treatment of respiratory sarcoidosis, at least not 
during the active phase of treatment•In studies, appeared initially effective, but the 
effect has been minor and studies performed on 
mild sarcoidosis (with a good prognosis even 
otherwise) (Selroos et al. 1994; Alberts et al. 1995)

Costabel, 2001; Valeyre et al. 2014A. Altraja ©2017



Other treatments in sarcoidosis
•Symptomatic and supportive measures are crucial•Reducing calcium intake, sun avoidance for hypercalcemia•Implantable devices for cardiac involvement•Hormonal substitution for hypothalamic-pituitary 
involvement•Supplemental oxygen following the rules of COPD•Pulmonary rehabilitation: in chronic forms most probably 
effective (as in IPF), though not yet thoroughly assessed•Sarcoidosis-related pulmonary hypertension: treatments 
depend on an underlying primary mechanism•Stenting for endobronchial stenosis•Bronchodilation in cases on spirometric obstruction•Monitoring serum and urinary Ca2+ before and after the start 
of calcium and vitamin D supplementation•Bisphosphonates comprise the initial strategy for primary 
prevention of treatment-induced osteoporosis

Valeyre et al. 2014A. Altraja ©2017



Lung transplantation in sarcoidosis
•Transplantation of the lung, but also liver, heart, and kidney 
is a reasonable option for end-stage sarcoidosis•Results matching to those of other diagnoses

•Referral should be made only after medical treatment 
options have been exhausted and after careful assessment of 
the disease extent, severity, activity, and potential to respond 
to further treatment•The presence of aspergilloma should not disqualify 
potential transplant candidates

• Recurrence of sarcoidosis in the allograft is 14-35%•This is usually not difficult to control with medication

•Waiting list mortality is similar to that in patients with IPF

A. Altraja ©2017 Valeyre et al. 2014



Lung transplantation in sarcoidosis**

•Indications for referral:

•Indications for real lung transplantation:

•Recommendations for interstitial lung diseases from 2015 
are applicable*

•NYHA functional class III or IV

•Impairment of exercise tolerance (NYHA 
functional class III or IV) and any of the 
following:•Hypoxemia at rest•Pulmonary hypertension•Elevated right atrial pressure exceeding 15 

mmHg

**Orens et al. International Guidelines, JHLT 2006
*Weill et al. JHLT 2015A. Altraja ©2017



Complications associated with sarcoidosis
• Mycetomas (aspergillomas) and bronchiectases in chronic fibrocystic 
sarcoidosis  massive hemoptysis and pulmonary hemorrhage• Antifungals are controversial• Surgery is usually not done because of advanced fibrosis• Bronchial artery embolization is less invasive, but may be ineffective 

due to diverse blood supply• Bronchiectases and bleeding: cough suppression, antibiotics, and 
glucocorticosteroids in increased doses (Johns & Michele, 1999)• Maintenance treatment with lower-dose glucocorticosteroids 
decreases the risk of relapsing hemorrhage•Pulmonary hypertension (see)•In stage IV sarcoidosis and cor pulmonale:• Supplementary oxygen, bronhchodilators (incl. long acting ones) in the 
presence of airway obstruction• Lung transplantation (see)•Osteoporosis (long-term treatment with glucocorticosteroids, hypercalcemia 

and hypercalciuria due to overproduction of vitamin D):• Monitoring • Primary prophylaxis with biphosphonates• Vitamin D, calcium, and calcitonin: only along with monitoring of 
hypercalcemia and hypercalciuria

Costabel, Eur Respir J 2001A. Altraja ©2017


