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Abstract

Introduction and purpose: Sarcoidosis is a complex, multi — system disease characterized by
the formation of non — caseating granulomas that can affect nearly every organ in the body,
though lungs and lymph nodes are the most commonly involved. The disease's clinical
presentation is highly variable, ranging from asymptomatic cases to severe, organ-threatening
manifestations, with significant implications for diagnosis and treatment. The aim of this study
is to present current state of knowledge on clinical features, etiology, diagnosis and treatment
methods of sarcoidosis.

Materials and methods: The review is based on the analysis of literature available on Pubmed,
Google Scholar and UpToDate databases. To search for relevant scientific content the following
keywords were used: sarcoidosis, symptoms, etiology, diagnosis, treatment, neurosarcoidosis,
cutaneous sarcoidosis, cardiac sarcoidosis, Lofgren syndrome.

Conclusions: Despite numerous studies, the cause of sarcoidosis still remains unknown, which
leaves a field for researchers for further investigation. Diagnosis of sarcoidosis is challenging,
it typically involves histological confirmation through biopsy, supported by imaging studies,
laboratory tests and need to exclude other causes. Treatment is limited, focused on alleviating
the symptoms and preventing organ failure, therefore further research into more effective or

targeted therapies is advisable.

Keywords: sarcoidosis; neurosarcoidosis; pulmonary fibrosis; cardiac sarcoidosis; Lofgren

syndrome



1. Introduction

Sarcoidosis is a chronic multisystem inflammatory disease that may affect almost every
organ of the human body. Most commonly it affects the lungs and lymph nodes!. Other organs
that may be involved include the heart, nervous system, joints, skin, liver and eyes, leading to
a wide range of clinical symptoms. Although the clinical manifestation may vary between the
patients, the common factor and most characteristic histological observation of sarcoidosis is
the formation of the non — caseating granulomas. A granuloma is defined as a distinct
conglomeration of immune cells, primarily consisting of epithelioid macrophages and
multinucleated giant cells, surrounded by of CD4+ T cells, and in lesser amounts with CD8+ T
cells and B cells. This structure forms as a result of a dysregulated immune response to an
unknown environmental trigger in genetically susceptible individuals, leading to
granulomatous inflammation®. The severity and duration of the inflammation, as well as the
specific organs affected, determine the clinical manifestation of the disease. The prognosis is
also variable, with potential outcomes ranging from spontaneous resolution to chronic
inflammation, which may be complicated by fibrosis or associated with irreversible organ

failure’.

2. Epidemiology

Epidemiology of sarcoidosis reveals significant variations based on geographic, racial,
and demographic factors. It affects individuals of all ages, but typically presents between ages
25 and 45, with a second peak in women over 50 years of age*. It has a higher occurrence in
women and non-smokers, particularly in rural communities®. The disease exhibits significant
variability in prevalence across Europe, with higher incidence rates observed in northern
regions compared to southern areas. For example, the incidence is highest in Sweden
(64/100,000), while countries like Italy report rates of less than 10/100,000. In the United
Kingdom, the incidence is around 20/100,000, in Germany it is about 9/100,000, and in Spain
it is only 1.4/100,000!. In Poland, the average annual incidence of sarcoidosis is estimated at
7.5/100,000, based on a comprehensive analysis of hospital discharge records from 2008 to
2015, which included 23,097 patients®. Japan has a much lower rate of 1-2 per 100,0007. In the
United States, the incidence is notably higher among African Americans, with rates
approximately three times greater than those of Caucasians, reflecting a prevalence of 35.5-
64/100,000 for Caucasians and 10-14/100,000 for African Americans!. Moreover, the disease

exhibits a heightened severity among individuals of African American descent, whereas



individuals of Caucasian ethnicity are more predisposed to exhibit asymptomatic
manifestations of the disease®. These disparities suggest that environmental and genetic factors

may play crucial roles in the disease's manifestation across different populations.

3. Etiology and risk factors

The etiology of sarcoidosis has been a topic of research in the past years, yet it still
remains unknown. The dominant conclusion is that the disease results from one or more
environmental factors interacting with genetic factors. Occupational exposures, such as
working in agriculture, using insecticides, and staying in the environments with mold or
mildew, have been linked to increased sarcoidosis risk®. Additionally, working in occupations
related to metals and combustible products, such as firefighting, has been linked to increased
sarcoidosis risk!'?. Also, obesity, but not overweight, particularly in women with a BMI over
30, is associated with a higher likelihood of developing the disease!!. What is interesting,
current smoking appears to have a protective effect against sarcoidosis, while former smoking
or non-ever smoking is linked to increased risk'2. It is possibly since smoking inhibits function
of T-lymphocytes and phagocytic activity of macrophages - its anti-inflammatory effect
contributes to lowering the risk of sarcoidosis, which is a highly inflammatory disease!’.
Genetic factors also play a significant role, with familial aggregation studies indicating a
heritability of 39%!4. Furthermore, the presence of certain human leukocyte antigen (HLA)
alleles can serve as predictive markers for the disease's clinical course, highlighting the role of
genetic predisposition in sarcoidosis. For instance, the HLA-DRB1*04/*15 are linked to
cardiovascular sarcoidosis, HLA-DRB1*04 is linked to uveitis, HLA-DRB1*03 and HLA-
DQBI1*0201 are associated with Lofgren's syndrome, which indicates shorter duration of the
disease and favorable prognosis, while alleles HLA-DRB1*15 and HLA-DQB1*0601 relate to
chronic sarcoidosis'>. Overall, these findings suggest that sarcoidosis may arise from a complex

interaction of environmental, lifestyle, and genetic factors.

4. Clinical manifestation

Clinical picture of sarcoidosis varies significantly between patients. It is estimated that
30-50% of patients will present with asymptomatic course of the disease®. This often leads to
incidental findings during imaging studies, such as chest X-rays or computed tomography (CT)
scans, which are performed for unrelated reasons!®. The disease presents with variety of general
symptoms and may be easily confused with other medical issues. For instance, fatigue, which

affects up to 90% of symptomatic patients is often linked to other conditions, such as anxiety



and depression!’. Other common constitutional symptoms include low-grade fever, weight loss,
night sweats and lymphadenopathy. Additionally, patients may experience concentration
disturbances, which can be attributed to comorbidities like sleep apnea'®.

In some patients very characteristic and acute onset can be observed, which is called
Lofgren syndrome. It is characterized by a triad of symptoms: bilateral hilar lymphadenopathy,
erythema nodosum, and arthritis with joint pain. It typically presents with fever!®!?. Prognosis
of this acute presentation of sarcoidosis is favourable, with many patients experiencing
resolution of symptoms within two years?. Another rare but very characteristic manifestation
of sarcoidosis is Heerfordt's syndrome, which is considered as its subacute variant. The classic
presentation includes facial nerve palsy, painless enlargement of the parotid glands, anterior

uveitis, and low-grade fever?!.

4.1. Pulmonary Sarcoidosis

Lungs are the most common organs affected by the disease, with approximately 90% of
patients affected at some stage??. Symptoms are diverse and range from mild to severe, with the
most frequent manifestations being dry cough, dyspnea, chest discomfort, and shortness of
breath. These symptoms are observed in 30-50% of patients?>. The severity of pulmonary
sarcoidosis can vary from incidental radiographic abnormalities in asymptomatic individuals to
chronic, progressive disease resistant to treatment. Pulmonary fibrosis, which develops in 20-
25% of patients, is a significant concern, as it is associated with impaired lung function,
extensive disease visible on high-resolution chest CT, and pulmonary hypertension—factors
that are strong predictors of poor clinical outcomes?*-**, Respiratory failure is the leading cause
of death in patients with sarcoidosis. While thoracic radiologic abnormalities are present in 90%
of patients, chest auscultation is often unremarkable, even in the presence of extensive
infiltrates, and finger clubbing is rare!'®2?*. Additionally, pulmonary symptoms are non-specific
and can be easily mistaken for other respiratory conditions, such as asthma or chronic
bronchitis?®. As such, the diagnosis of pulmonary sarcoidosis can be challenging, particularly

in the absence of prominent symptoms.

4.2. Extrapulmonary sarcoidosis

Sarcoidosis can manifest in various organs beyond the lungs, with skin involvement
being the most common, affecting up to one-third of patients. Other frequent sites include the
eyes, liver, and joints, followed by heart, nervous system, often leading to significant

complications if untreated®S,



4.2.1. Cutaneous sarcoidosis

Lesions that can be observed on the skin include small purplish papules, plaques, and
subcutaneous nodules. Erythema nodosum is the most frequent cutaneous manifestation,
usually linked with acute sarcoidosis - it is characterized by painful, red nodules typically found
on the calves. Itis not associated with granulomas and usually resolves within 6-8 weeks®. In
contrast, lupus pernio, an indurated bluish discoloration, primarily affecting the nose and
cheeks, is linked to a chronic course and poor prognosis®’. In some cases, sarcoidosis can also
lead to inflammation and granulomas formation in scar tissue or to granulomatous
vasculitis?’?8, The frequency and severity of skin involvement vary significantly among
different ethnic groups, with African-Americans experiencing more severe manifestations

compared to Caucasians®’.

4.2.2. Ocular sarcoidosis

This condition can affect many different ocular structures, leading to a range of clinical
presentations. Uveitis is the most common manifestation, which can be anterior, intermediate
or posterior uveitis. Anterior uveitis is characterized by symptoms such as eye pain, redness,
and photophobia, often accompanied by mutton-fat keratic precipitates and iris nodules.
Intermediate uveitis may present with floaters and blurred vision, while posterior uveitis can
lead to more severe complications like retinal vasculitis and macular edema’!. Other ocular
manifestations include conjunctival nodules, dry eye syndrome, and the most severe form of
this condition - optic nerve involvement®?. It can manifest as optic neuropathy, characterized
by symptoms such as optic disc edema and potential optic atrophy if untreated, which can result

in vision loss?°.

4.2.3. Cardiac sarcoidosis

In this severe manifestation of systemic sarcoidosis granulomatous inflammation affects
all three layers of the heart, with a predominant involvement of the myocardium*. Symptoms
can include cardiomyopathy, arrhythmia, shortness of breath, syncope, and palpitations.
Advanced cases may lead to atrioventricular block, reduced left ventricular ejection fraction
(<50%), and heart failure*!°. While 25% of sarcoidosis patients experience subclinical cardiac
involvement, around 5% show clinical signs of heart damage, with another 30% exhibiting
asymptomatic cardiac involvement®>**, Life threatening complications include myocardial
infarction, ventricular arrythmias, which contribute to poor prognosis and can cause a sudden

cardiac death®.



4.2.4. Abdominal sarcoidosis

Sarcoidosis can manifest in various gastrointestinal organs, with the stomach being the
most commonly affected. Symptoms often include epigastric pain, early satiety, and potential
upper gastrointestinal bleeding due to ulcerations or antral narrowing caused by granulomatous
infiltration. Esophageal involvement is rare, but when it occurs, it can lead to symptoms such
as dysphagia and weight loss due to dysmotility or mechanical obstruction from granulomatous
infiltration or lymphadenopathy. The condition may manifest as esophageal strictures or
thickening, which can be observed through imaging techniques like barium swallow studies.
The small intestine is the least commonly involved, presenting with diarrhoea and
malabsorption®. Liver involvement is more frequent, with granulomas leading to conditions
such as portal hypertension or cholestatic syndromes causing pruritus and
jaundice?*3>3¢ Imaging studies, such as CT scans, often reveal hepatosplenomegaly and low-

attenuation lesions in the liver’’.

4.2.5. Neurosarcoidosis

Neurosarcoidosis can present with a variety of neurological symptoms, often including
cranial neuropathies, with facial nerve involvement being the most common, occurring in
approximately 70% of cases. Other cranial nerves, such as the optic and vestibulocochlear
nerves, may also be affected, leading to visual disturbances and hearing loss, respectively>®,
Patients may experience symptoms like headache, seizures, and cognitive dysfunction due to
meningeal involvement®. Additionally, myelopathy is reported in up to 26% of patients,

characterized by longitudinally extensive myelitis and associated imaging findings®*-*°.

5. Diagnosis

The heterogeneity of presentation and disease course can make diagnosis and treatment
challenging. The diagnosis of sarcoidosis is based on three primary criteria: a compatible
clinical presentation, histological evidence of noncaseating granulomas, and the exclusion of
other diseases that can cause similar histological or clinical features>®*!. A multidisciplinary
approach is essential, and many diagnostic tools may be effective and helpful in establishing

the correct diagnosis.

5.1. Biopsy
The diagnosis of sarcoidosis typically requires histological confirmation through the

presence of noncaseating granulomas obtained via biopsy. The selection of an appropriate



biopsy site is crucial. Biopsy of intrathoracic lymph nodes or lung parenchyma is typically
preferred, as these areas are involved in over 95% of sarcoidosis cases and are more accessible,
posing fewer risks compared to other internal organs such as the liver or kidneys®®. Various
methods for obtaining the lymph nodes can be used, including transbronchial lung biopsy
(TBLB) and endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA),
with EBUS-TBNA showing a higher diagnostic yield compared to TBLB (80% vs. 53%) for
detecting granulomas*?. Moreover, some less invasive and easily accessible lesions, including
rashes, conjunctival nodules, enlarged superficial lymph nodes, and lacrimal glands, may also
serve as biopsy sites?®. When cardiac sarcoidosis is suspected, endomyocardial biopsy can also
be conducted. This method is a golden standard for detecting cardiac sarcoidosis, however a lot
of false - negative results are obtained®. It is important to note that for patients presenting with
Lofgren's syndrome, lupus pernio, or Heerfordt’s syndrome—sampling of lymph nodes is
generally not recommended, and the diagnosis can be made relying on the characteristic clinical
picture?. While biopsy is generally sufficient for diagnosing sarcoidosis, it is important to
remember that the presence of noncaseating granulomas on biopsy is not specific to sarcoidosis,

as similar granulomas may be observed in other diseases?®.

5.2. Medical imaging

Radiologically, chest X-rays often reveal bilateral hilar adenopathy, which is a common
initial finding in approximately 50% of cases, alongside pulmonary infiltrates that may progress
to fibrosis in advanced stages®. The presence of these radiographic features, particularly in
asymptomatic patients, can support the diagnosis, although definitive confirmation typically
requires histological examination to exclude other granulomatous diseases>3.

High-resolution computed tomography (HRCT) is more sensitive than standard chest
radiography in detecting pulmonary involvement. It can detect more subtle changes and assess
the extent of pulmonary involvement more accurately®*’. HRCT is indicated when there is a
clinical suspicion of the disease despite normal chest radiographs or when complications such
as bronchiectasis or pulmonary fibrosis are suspected®. HRCT can reveal characteristic patterns
such as nodular infiltrates with a bronchovascular and subpleural distribution, mediastinal
lymphadenopathy and thickened interlobular septa, aiding in the identification of asymptomatic
disease and guiding biopsy sites for histological confirmation®16:43,

Magnetic resonance imaging (MRI) is used most often in assessing cardiac and
neurological involvement. In neurosarcoidosis, it can detect lesions in the brain and meninges.

The findings often include multiple non-enhancing white matter lesions that may resemble



those seen in multiple sclerosis, making differentiation challenging'®. Additionally, MRI can
reveal abnormalities in the pituitary gland and spinal cord, with specific patterns such as the
"trident sign" indicating sarcoidosis-associated myelopathy!®2¢. In cardiac sarcoidosis, MRI
findings typically include multifocal areas of late gadolinium enhancement, indicating

myocardial fibrosis, primarily located in the epicardial and mid-myocardial regions?®.

5.3. Laboratory findings

In sarcoidosis, laboratory abnormalities are not specific to the disease and provide
limited diagnostic insight. Common findings include anemia, leukopenia, and an elevated
erythrocyte sedimentation rate?. Serum angiotensin-converting enzyme (ACE) levels are often
raised and are used by some clinicians to track treatment response**. Hypercalcemia is also
notable due to the dysregulated metabolism of vitamin D, with macrophages in granulomas
producing excessive 1,25-dihydroxyvitamin D%, It can lead to hypercalciuria and associated
renal complications, including nephrocalcinosis and renal failure, particularly if left untreated?.
Additionally, serum levels of soluble interleukin-2 receptor (sIL-2r) have emerged as a more
sensitive biomarker, correlating with disease activity and multisystem involvement*®. Overall,
laboratory findings in sarcoidosis require careful interpretation within the broader clinical

context, as they are usually not pathognomonic.

6. Treatment

The treatment approach should be personalized, considering the severity of the disease
and the patient's quality of life*S. Many cases are self — limiting: approximately 50% of
individuals with sarcoidosis may not require treatment, as their condition can resolve without
intervention, particularly in cases with limited organ involvement*’*. However, about 10-30%
of patients may develop chronic, unremitting disease, leading to complications such as
pulmonary fibrosis and respiratory failure®®. The treatment approach mainly focuses on
alleviating symptoms and preventing organ damage®.

Glucocorticoids, particularly prednisone, are the first-line treatment for sarcoidosis.
They are effective in reducing inflammation and controlling the immune response associated
with granuloma formation!”->°. Their mail role is to provide significant symptomatic relief and
improve lung function. The initial treatment often involves a high dose of corticosteroids (20-
40 mg per day), with a gradual tapering to lower maintenance doses (5-10 mg per day) to

minimize side effects associated with long-term use*’*. Long-term use of corticosteroids can
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lead to significant side effects, including osteoporosis, hypertension, and diabetes, necessitating
careful monitoring and management'’->!,

In cases where patients do not respond adequately to glucocorticoids or experience
intolerable side effects, alternative immunosuppressive agents may be considered. These
include methotrexate, azathioprine, and cyclophosphamide, which can serve as steroid-sparing

agents!’3,

In comparative studies, methotrexate has demonstrated similar efficacy to
azathioprine but with less associated toxicity’®#. The mechanism of action of methotrexate
involves the inhibition of folate metabolism, which is crucial for the proliferation of
lymphocytes and the production of inflammatory cytokines. This action helps to modulate the
immune response, thereby reducing the inflammatory processes associated with sarcoidosis®’.
Despite its benefits, the use of methotrexate is not without risks. Patients may experience side
effects such as gastrointestinal disturbances, liver toxicity, and bone marrow suppression.
Therefore, regular monitoring of liver function tests and complete blood counts is
recommended every 1-3 months during treatment™.

Tumor necrosis factor (TNF) inhibitors, such as infliximab and adalimumab, have been
utilized as third-line treatments for refractory sarcoidosis. They are effective with both
pulmonary and extrapulmonary manifestations, especially in cases involving the skin and eyes.
The use of TNF inhibitors requires careful monitoring due to potential complications, and the
most common side effects include increased susceptibility to infections and allergic

reactions*3-460:48:49

7. Conclusions

Diagnosis of sarcoidosis still remains a challenge, particularly due to the rarity of disease
and its heterogeneous clinical course. The disease can affect different organs and therefore
multidisciplinary approach is recommended to ensure effective patient care. However, despite
extensive research, treatment is not standardized and focuses only on alleviating the symptoms
and preventing complications of chronic granulomatous inflammation. Further research is
necessary to improve clinical protocols and produce higher-quality evidence for treatment

strategies.
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