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Cardiac sarcoidosis: from diagnosis to treatment
Kristyna Kysperska, Petr Kuchynka, Tomas Palecek

Sarcoidosis is a systemic granulomatous disease of unknown cause. Its clinical presentations are heterogeneous and 
virtually any organ system can be affected, most commonly lungs. The manifestations of cardiac sarcoidosis (CS) 
are heterogenous depending on the extent and location of the disease and range from asymptomatic forms to life-
threatening arrhythmias as well as to progressive heart failure. Cardiac involvement is associated with a worse prog-
nosis. The diagnosis of CS is often challenging and requires a multimodality approach based on current international 
recommendations. Pharmacological treatment of CS is based on administration of anti-inflammatory therapy (mainly 
corticosteroids), which is often combined with heart failure medication and/or antiarrhythmics. Nonpharmacological 
therapeutic approaches in CS cover pacemaker or defibrillator implantation, catheter ablations and heart transplanta-
tion. This review aims to summarize the current understanding of CS including its epidemiology, etiopathogenesis, 
clinical presentations, diagnostic approaches, and therapeutic possibilities.
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INTRODUCTION

Sarcoidosis is a systemic granulomatous inflammatory 
disease of unknown aetiology. It is characterized histologi-
cally by the presence of non-caseating granulomas. It can 
involve any organ system, most commonly lungs, heart, 
liver, skin, gastrointestinal and neurologic system1. A wide 
range of clinical manifestations is therefore possible in-
cluding asymptomatic patients to victims of sudden death 
on the other side. Importantly, cardiac sarcoidosis has a 
significant impact on prognosis of the patient. Increased 
understanding and awareness of this disease are thus of 
utmost importance. It is necessary to establish diagnostic 
and treatment standards based on randomised studies, 
screen asymptomatic patients and monitor the response 
to treatment.

EPIDEMIOLOGY 

The incidence and prevalence of sarcoidosis are highly 
variable and depend on geographical region, gender, eth-
nicity, and age. The average prevalence is estimated to 
be 4.7-64 in 100 000 and more common in females than 
males2,3. Sarcoidosis is usually diagnosed between 40 to 
55 years of age. However, the onset of the disease seems 
to have a biphasic pattern with one peak at the third de-
cade of life and the other one in the sixth decade3. An 
US population-based study reported annual prevalence 
of 5.9 in 100 000 men and 6.3 in 100 000 women, re-
spectively4. The incidence is highest in Northern Europe 
(11-24 cases per 100 000/year) (ref.5) and among African 

Americans (17-71 cases per 100 000/year) (ref.6); the low-
est incidence is reported in Asian countries (1 case per 
100 000/year) (ref.7).

AETIOLOGY, GENETIC PREDISPOSITION,  
AND ENVIRONMENTAL FACTORS

The exact aetiology of sarcoidosis is still unknown. 
The onset of the disease and its course are influenced by 
many factors. Genetic predisposition seems to play an 
important role. Having a family member with the disease 
is associated with a 2 to 4-fold increased risk of devel-
oping sarcoidosis8. The risk is particularly high in first 
degree relatives. The relative risk in family members has 
been reported as 8.1 in the Japan study9 and 18.0 in the 
American study10.

Human leukocyte antigens (HLA) class II are pre-
sumed to be associated with disease susceptibility, its 
course as well as prognosis. Both Japanese11 and European 
studies12 reported higher frequency of several HLA alleles 
such as DRB1 in patients with sarcoidosis. The HLA-
DRB1*03 allele has been shown to be significantly as-
sociated with Löfgren’s syndrome, acute and self-limiting 
form of sarcoidosis. On the other hand, HLA-DRB1*14 
and -DRB1*15 alleles are frequently found in patients 
with a chronic course of the disease13. Furthermore, mu-
tations in other genes relate to immune response such 
as through chemokine receptors that likely play a role in 
aetiology of sarcoidosis. 

Environmental and lifestyle factors also have an im-
pact on the course of the disease. Mouldy environment, 
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exposure to insecticides and agricultural employment are 
discussed in association with higher risk of developing 
sarcoidosis. The risk seems to be increased in other oc-
cupations including iron foundry work and firefighters, 
possibly due to exposure to silica dust. Importantly, the 
prevalence of sarcoidosis is higher in densely populated 
areas3.

Body weight also seems to influence the risk of sar-
coidosis development. In a Black women´s health study, 
obesity was associated with a 40% increased risk of sar-
coidosis14. Also, in a Nurses’ health American study the 
authors demonstrated a 70% increased risk of disease in 
obese individuals15. These studies also reported a relation-
ship between high body mass index at 18 years of age 
and subsequent increase in incidence of sarcoidosis in 
adulthood. 

Hormones may play an important role in the develop-
ment of sarcoidosis as suggested by gender differences 
and a biphasic age pattern in the disease manifestation. 
Higher endogenous oestrogen levels, later age at first de-
livery and recent delivery seem to be protective factors 
associated with lower risk of sarcoidosis3.

PATHOGENESIS

Sarcoidosis is characterized by epitheloid, non-caseat-
ing, non-necrotizing granulomas with varying degrees of 
lymphocytic inflammation. The granulomas are compact, 
centrally organized areas of accumulated macrophages, 
which originate from activated T helper and epitheloid 
cells, surrounded by lymphocytes. Of note, granulomas 
are not specific for sarcoidosis, they can occur in mul-
tiple other diseases like cancer, infectious granulomatous 
diseases, chronic beryllium disease and inflammatory re-
sponse to inorganic foreign material. 

Generally, IV type reactions of hypersensitivity are 
present. The exposure to unknown specific antigen ini-
tiates an innate immune response in genetically predis-
posed individuals. Antigen recognition by T cells starts 
the recruitment of more specific T-clones and triggers 
proinflammatory cytokine production (interferon gam-
ma, tumour necrosis factor alpha, interleukins 12, 15, 16, 
17, 18 and granulocytes macrophage colony stimulating 
factor) which activates B cells and the development of 
humoral response. Lymphocytes located in affected tis-
sue consist of CD4+T helper cells and differentiate into 
TH1, TH17 effector cells. Proinflammatory cytokine 
production is upregulated due to unknown factors. On 
the other hand, the number of T regulatory cells and 
natural killer T cells is decreased, and their function is 
impaired. Hypergammaglobulinemia is also present. The 
above described dysregulated and aggravated immune re-
sponse finally leads to formation of granulomas with the 
aim to isolate undegradable antigens. Amplification of 
T immune response to local tissue antigens also leads to 
increased accumulation of serum amyloid A in resident 
macrophages and granulomas. The persistence and pro-
gression of granulomas into chronic inflammation with 

subsequent development of fibrotic tissue is moderated 
by so far unknown factors3.

Activated T cells always express identical nucleotide 
sequence of variable gene segment of TCR, with higher 
frequency in patients with HLA-D3. Therefore, only one 
or several antigens are assumed to trigger sarcoidosis. In 
1940s, a specific reagent prepared from the spleen of af-
fected patients was used as a diagnostic test16. A granulo-
matous skin reaction was induced in 70-80% of untreated 
patients with sarcoidosis but not in healthy people, prob-
ably due to the presence of disease-triggering antigen. 
Currently this reagent is forbidden because of risk of 
transferring infection17.

Vimentin is assumed to be a potential autoantigen 
not only in rheumatoid arthritis and systemic lupus ery-
thematosus but also in sarcoidosis. It is an intermediate 
filament protein secreted by activated macrophages in 
granulomas. Studies have documented that Vα2.3/Vβ22 
T-cell receptor-expressing CD4+ T-cells accumulate in the 
lungs of HLA-DR3 patients3.

Microorganisms are also assumed to play a role in 
pathogenesis of sarcoidosis. A seasonal variation in the in-
cidence of sarcoidosis has been reported. The transfer of 
sarcoidosis from donor to recipient during bone marrow 
transplantation was also documented3. The non-degrad-
able remnants of microorganisms like Mycobacterium 
tuberculosis and Cutibacterium acnes or molecular mim-
icry may be a target of adaptive immune response and 
triggered T helper cells immune response. Such intracel-
lular pathogens may lead to onset of granuloma forma-
tion during latent infection. Indeed, the development of 
granulomas was observed in people with an allergic dis-
position to Mycobacterium tuberculosis4. The levels of 
nucleic acids of Mycobacterium tuberculosis as well as of 
Cutibacterium acnes were detected 10-20 times more fre-
quently in tissue samples taken from patients with sarcoid-
osis than in healthy individuals18. Furthermore, antibodies 
against Mycobacterium tuberculosis remnants were found 
in biopsy tissue of 39% patients with sarcoidosis19. On the 
other hand, until now there has been no evidence of any 
living microorganism in granulomatous tissue. 

PREVALENCE OF CARDIAC SARCOIDOSIS

Cardiac involvement in sarcoidosis is associated with 
poor prognosis. The heart may be affected as a part of 
systemic involvement or as an isolated cardiac disease. 
Whether the isolated cardiac sarcoidosis is prognostically 
different than the systemic form of the disease with car-
diac involvement is currently not clear.

According to autopsy studies, cardiac involvement 
may be found in about 25% of patients with systemic 
disease20,21. However, only 5% of patients with systemic 
sarcoidosis are described to have clinically manifested car-
diac sarcoidosis. The results of studies using advanced car-
diac imaging suggest 30% of all affected patients express 
cardiac involvement, regardless of symptoms22.

The prevalence of isolated cardiac involvement has 
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been reported between 27-54%, but this high number may 
be due to low sensitivity of the diagnostics of extracardiac 
involvement2. Importantly, the prevalence of sarcoidosis 
together with giant-cell myocarditis in patients < 55 years 
with initially unexplained high degree AV blocks is up to 
25% (ref.23). Moreover, arrhythmogenic inflammatory car-
diomyopathy as diagnosed by positive FDG PET-CT scan, 
i.e. presumably predominantly cardiac sarcoidosis, was 
documented in nearly 50% of patients with unexplained 
cardiomyopathy and ventricular arrhythmias24 and in 4,4 
-12,5% in patients with non-ischemic dilated cardiomyopa-
thy22,25. The study based on the United Network for Organ 
Sharing Database showed that cardiac sarcoidosis was 
the most misclassified cause of dilated cardiomyopathy 
in patients undergoing heart transplantation26.

CLINICAL PRESENTATION OF CARDIAC 
SARCOIDOSIS

The clinical manifestations depend on location and 
extension of heart involvement. In fact, the disease may af-
fect almost any part of the heart including ventricular and 
atrial myocardium, conduction system and pericardium. 
Cardiac abnormalities can be the first and sometimes 
the only manifestation of sarcoidosis. Sarcoidosis of the 
heart may remain asymptomatic or present as dilated or 
restrictive cardiomyopathy associated with progressive 
heart failure, conduction system disorders, especially high-
grade atrioventricular blocks, and ventricular arrhythmias. 
Heart failure, whether with low or preserved LV EF, rep-
resents the most important cause of death in cardiac 
sarcoidosis, accounting for 25% of mortality in patients 
with cardiac involvement. Valvular and pericardial involve-
ment is relatively rare. According to some studies, sudden 
cardiac death accounts for 13-25% of sarcoidosis-related 
deaths and may be the first manifestation of the disease4.

Conduction abnormalities. Sarcoidosis can affect any 
part of the conduction system. Atrioventricular blocks are 
a major complication and may be found as an initial mani-
festation of the disease in 23-77% patients4. Their cause 
is connected to the affection of the basal interventricular 
septum and atrioventricular node by granulomatous infec-
tion and subsequent fibrosis leading to the thinning of this 
myocardial region. Importantly, the onset and degree of 
atrioventricular blocks is usually not associated with the 
development of left ventricular systolic dysfunction. Due 
to their prevalence, all patients younger than 60 years with 
unexplained high degree A-V block should be screened 
for cardiac sarcoidosis by CMR or FDG-PET as stated in 
Heart Rhythm Society Expert Consensus Statement on 
arrhythmias associated with cardiac sarcoidosis algorithm 
from 2014 (ref.27). The presence of AV block may be as-
ymptomatic or may manifest as palpitations, dizziness, 
and syncope or even as sudden death in most advanced 
cases. 

Ventricular arrhythmias. Inflammation and fibrosis of 
the myocardium may cause ventricular arrhythmias cover-
ing asymptomatic or symptomatic premature ventricular 
beats as well as ventricular tachycardias and ventricular 

fibrillation. Malign ventricular tachyarrhythmias often 
develop in patients with at least mildly decreased LV 
systolic function; however, they can be present also in 
subjects with preserved LV ejection fraction. Right ven-
tricular involvement may be associated with ventricular 
arrhythmias mimicking clinical scenario of arrhythmo-
genic right ventricular cardiomyopathy. The origin of 
ventricular arrhythmias is usually connected to re-entrant 
pathways caused by myocardial scaring; nevertheless, 
triggered activity or abnormal automaticity may also be 
present. In general, ventricular arrhythmias are observed 
in about 23-36% patients with newly diagnosed cardiac 
sarcoidosis4. Interestingly, so far, no relationship has been 
demonstrated between the activity of the disease as as-
sessed by imaging techniques and genesis of ventricular 
arrhythmias28.

Heart failure. The signs and symptoms of heart failure 
reflect fluid retention and low cardiac output, respectively, 
and consist of progressive dyspnoea, cough, peripheral 
oedema, malaise, and dizziness. Heart failure in patients 
with sarcoidosis results from myocardial involvement, 
which typically manifests as a dilated cardiomyopathy 
with various degrees of reduced ejection fraction and 
impaired filling. Restrictive cardiomyopathy is still cited 
as another possible manifestation of cardiac sarcoidosis; 
however, it is rarely diagnosed in routine clinical prac-
tice22. 

DIAGNOSIS OF CARDIAC SARCOIDOSIS

Timely diagnosis of cardiac sarcoidosis is essential 
because early initiation of therapy improves the clinical 
status of the patient and has a significant impact on fur-
ther progression of the disease. The diagnosis of cardiac 
sarcoidosis is typically done in one of two clinical sce-
narios: during screening of patients with already diag-
nosed extracardiac (usually pulmonary) sarcoidosis, or 
in subjects suffering from various cardiac symptoms of 
unknown cause described above. However, some patients 
are diagnosed only at autopsy or based on histological 
examination of explanted heart at a time of cardiac trans-
plantation.

ECG

Abnormal ECG findings are present in up to 90% of 
patients with cardiac sarcoidosis. As already described, 
typical abnormalities are represented by conduction 
system disorders and ventricular arrhythmias; however, 
other ECG changes like atrial arrhythmias, pathological 
Q waves and repolarization abnormalities may be also 
present4. Indeed, any ECG abnormality may be seen in 
cardiac sarcoidosis. Right bundle branch block is an of-
ten finding, which is seen in about 12-66% of patients. 
Although it is not specific, it shall be regarded as a very 
suspicious marker of myocardial involvement in individu-
als with dilated cardiomyopathy and extracardiac sarcoid-
osis29.
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AV block represents the most common initial manifes-
tation of cardiac sarcoidosis (Fig. 1). Importantly, cardiac 
sarcoidosis may be found in up to 25% of young and mid-
dle-aged patients with initially unexplained high-degree 
AV block as shown in the landmark study published by 
Kandolin et al.23. Malignant ventricular arrhythmias are 
observed in 23-36% of affected individuals. In some cas-
es, intractable arrhythmic storm is caused by several ar-
rhythmogenic foci located in scattered myocardium. The 
occurrence of ventricular arrhythmias is often connected 
with the fibrotic thinning of the basal interventricular sep-

tum or left or right ventricular free walls. Nevertheless, 
the are not associated with global left ventricular systolic 
dysfunction4.

Echocardiography
Due to its wide availability, safety and relatively low 

cost, echocardiography still represents the first line 
imaging method for diagnosing cardiac sarcoidosis. 
Moreover, it is the method of choice for routine monitor-
ing of patients with already diagnosed cardiac sarcoid-
osis. However, its sensitivity in initial stages of cardiac 

Fig. 1. 12-lead ECG showing third-degree atrioventricular (AV) block in a patient with cardiac sarcoidosis.

Fig. 2. Transthoracic echocardiography in parasternal long-axis view demonstrating localized thin-
ning of the basal interventricular septum (arrow) in a patient with cardiac sarcoidosis (LV, left 
ventricle; RV, right ventricle).
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sarcoidosis seems to be very low. Several important echo-
cardiographic features of cardiac sarcoidosis have been 
reported. Regional thinning of the basal interventricular 
septum associated with wall motion abnormality in this 
region is highly sensitive and rather specific finding of 
cardiac sarcoidosis (Fig. 2). It is defined as wall thick-
ness less then 4mm measured at 10mm far from aortic 
annulus in the parasternal long axis view. Another defi-
nition is based on the ratio of thickness of thinned and 
normal interventricular septum lower than 0.6 (ref.30). Of 
course, coronary disease as a cause of this wall motion ab-
normality must be ruled out. Furthermore, regional wall 
motion abnormalities of other walls may be found, and 
their uneven distribution is typical for cardiac sarcoidosis. 
They reflect the presence of scattered granulomas and 
non-ischemic fibrous scars in the myocardium. Apparent 
ventricular aneurysms are found in 8-10% of patients31.

Diffuse myocardial involvement leads to the picture 
of dilated cardiomyopathy characterized by the dilatation 
of the left ventricle and global impairment of its systolic 
function. The remodelling of the left ventricle together 
with mitral annular dilatation may lead to secondary mi-
tral regurgitation; however, in some cases, mitral regurgita-
tion is due to pronounced annular calcification associated 
with hypercalcemia that is often present in sarcoidosis. 
There is an increased risk of thrombus formation in poor-
ly contracting dilated left ventricle.

Early subclinical myocardial dysfunction may be de-
tected by strain echocardiography. Pizarro et al. have 
shown that global longitudinal strain less than -14% is 
not only an independent predictor for the presence of 
cardiac sarcoidosis, but also for worse prognosis with re-
spect to heart failure, new arrhythmias, and mortality, 
respectively32.

Right ventricular involvement may be also present. In 
some patients, transient thickening of otherwise thin right 
ventricular free wall is found due to active granulomatous 
inflammation. However, regional wall motion abnormali-
ties like local akinesia or aneurysm are detected more 
often and, in such cases, arrhythmogenic right ventricular 
cardiomyopathy must be taken into the account in dif-
ferential diagnosis.

Pericardial effusion is found rarely, only in 2-8% of pa-
tients4.

Cardiac Magnetic Resonance
Cardiac magnetic resonance (CMR) has become one 

the most valuable imaging modalities in diagnostics of 
cardiac sarcoidosis. Using cine steady state free preces-
sion images, morphological and functional abnormalities 
of both ventricles may be detected similarly to echocar-
diography. Typical findings suggestive of cardiac sarcoid-
osis thus comprise thinning of the basal interventricular 
septum, regional wall motion abnormalities, or diffuse 
hypokinesis of dilated left ventricle. Akinesis or aneu-
rysms of the RV free wall may mimic arrhythmogenic 
right ventricular cardiomyopathy.

The uniqueness of cardiac magnetic resonance lies 
in its ability to characterize tissue. Using T2 weighted 
black blood images, myocardial oedema as a sign of ac-

tive myocardial inflammation may be visualised. However, 
the most important technique represents the assessment 
of late gadolinium enhancement (LGE). Generally, the 
presence of LGE reflects the expansion of extracellular 
space of the myocardium comprising acute necrosis or, in 
the chronic cases, replacement fibrosis or myocardial infil-
tration. In patients with cardiac sarcoidosis, LGE lesions 
are commonly found in thinned basal interventricular 
septum and in lateral wall (Fig. 3). Nevertheless, another 
localization of LGE is possible, typically in a multifocal, 
patchy distribution affecting mid-wall and subepicardium. 
Subendocardial LGE may also be found in some patients 
resembling coronary-pattern of LGE. In these cases, how-
ever, regional distribution of LGE usually does not cor-
respond to the perfusion territory of the coronary artery. 
According to several studies, the sensitivity and specificity 
of LGE in detection of cardiac sarcoidosis reaches 78-
100% and 76-92%, respectively33. Typical LGE findings 
represent a part of Clinical diagnosis group Criteria for 
diagnosis cardiac sarcoidosis.

Cardiac magnetic resonance is useful not only in di-
agnostic process of cardiac sarcoidosis, but also in the 
assessment of prognosis of affected subjects and has the 
potential to monitor the effect of immunosuppressive 
therapy, especially when novel techniques for tissue char-
acterization like T1 and T2 mapping are used. The meta-
analysis of 10 studies with 760 patients demonstrated that 
the presence of LGE is associated with 1.7 times higher 
risk for all cause-mortality, in particular due to arrhythmic 
events34. 

Fig. 3. Cardiac magnetic resonance imaging in four-chamber 
view showing subepicardial pattern of late gadolinium enhance-
ment in the apical half of the left ventricular anterolateral wall 
(star) in a patient with cardiac sarcoidosis (LV, left ventricle).
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Gallium scintigraphy
Gallium scintigraphy uses radionuclide gallium-67 

citrate to detect myocardial or pericardial inflammation 
or heart tumors. Since 1970s it has been used to detect 
active sarcoid lesions and to assess their response to anti-
inflammatory therapy. Gallium scintigraphy has relatively 
high specificity (about 80-100%); however, its sensitivity is 
quite low, maximally 36%. Its spatial resolution compared 
with FDG-PET is also low, especially for detecting extra-
pulmonary sarcoidosis4. Therefore, the use of gallium-67 
citrate SPECT to diagnose cardiac sarcoidosis is currently 
limited to centers which do not have access to FDG-PET/
CT examination4. 

FDG-PET/CT 
This examination currently represents the gold non-in-

vasive standard for monitoring of the immunosuppressive 
treatment of cardiac as well as extracardiac sarcoidosis. 
According to current recommendations for the diagnosis 
of cardiac sarcoidosis, PET-CT is indicated in the situa-
tion when CMR is unavailable or contraindicated, CMR 
examination result is unequivocal or negative and there 
is high clinical suspicion of cardiac sarcoidosis35. FDG-
PET/CT has an irreplaceable diagnostic value for detect-
ing areas of active inflammation as granulomas express 
increased metabolic activity that results in higher uptake 
of fluorodeoxyglucose by immune cells in the affected 
myocardium. Adequate dietary preparation (“high fat and 
low carbohydrate” diet) before the examination is neces-
sary to decrease blood glucose levels and increase free 
fatty acid levels to modify myocardial glucose uptake and 
highlight myocardial lesions from intact myocardium. 

FDG PET-CT study is usually performed in combi-
nation with myocardial perfusion imaging. Using both 
techniques, diagnostic staging of cardiac sarcoidosis is 
possible to some extent. At initial phases, active inflam-
mation on FDG-PET/CT is seen with no perfusion defects 
in the myocardium. With disease progression, myocardial 
perfusion defects reflecting myocardial scarring appear. 
In burn-out phase of the disease, no FDG activity, i.e. no 
inflammation, is detected by FDG-PET/CT while exten-
sive areas of abnormal myocardial perfusion are present2. 
The meta-analysis of 7 studies comprising 891 patients 
showed 79-96% sensitivity and 68-86% specificity of FDG-
PET/CT for detection of cardiac sarcoidosis4,36. For more 
detailed staging of cardiac involvement, the combination 
of the information from FDG-PET/CT with myocardial 
perfusion study together with LGE findings on CMR 
may be used. According to recent retrospective study, the 
FDG-PET/CT sensitivity of detecting cardiac sarcoidosis 
increased from 82% to 94% when combined with CMR 
examination37.

Importantly, FDG-PET/CT may be used not only for 
diagnostic reasons, but also for evaluating the prognosis 
of affected individuals and choosing the treatment with 
subsequent monitoring of its efficacy. The combined pres-
ence of higher FDG uptake and perfusion defects is as-
sociated with higher risk of ventricular tachyarrhythmias 
and death. Interestingly, the signs of inflammation in right 

ventricular wall have been shown to increase the risk of 
cardiac events fivefold, suggesting that right ventricle in-
volvement could also serve as marker of disease severity38.

Endomyocardial biopsy
Endomyocardial biopsy has high specificity, but low 

sensitivity in diagnosing cardiac sarcoidosis. Moreover, 
its performance is associated with risk of life-threatening 
complications though very low in experienced centres. 
Therefore, extracardiac biopsy should be first performed 
in patients with other organ manifestations suspicious 
from sarcoidosis. According to current guidelines, the di-
agnosis of cardiac sarcoidosis can be established based on 
noninvasively obtained characteristic findings suggesting 
cardiac involvement and the verification of sarcoidosis in 
extracardiac localization, i.e. without the need for endo-
myocardial biopsy4.

Typical histological findings in sarcoidosis comprise 
non-caseating epithelioid granulomas, which consist of 
epithelioid cells, isolated multinucleation giant cells, 
macrophages, lymphocytes and plasma cells. Both myo-
cardial necrosis and more than solitary eosinophils are 
typically absent. The degree of lymphocytic infiltration 
corresponds to stage of the disease. CD4+lymphocytes ac-
cumulate in granulomas and CD8+lymphocytes are found 
sporadically at the periphery of granulomas. During 
scarring stage, fibrotic tissue dominates with only small 
lymphocytic infiltration, while granulomas progressively 
disappear. In some lesions only giant cells or scar tissue 
can be found. Granulomas may affect the whole heart, 
but they typically present in focal manner. The most of-
ten affected place is the right side of the interventricular 
septum4.

When evaluating myocardial biopsy specimens, it is 
necessary to differentiate cardiac sarcoidosis from giant 
cells myocarditis. The latter is characterized by the pres-
ence of necrosis, eosinophilic infiltration and giant cells 
derived from macrophages and cardiomyocytes. Other 
pathologies like tuberculosis must be also ruled out by 
dedicated staining.

As already mentioned, untargeted endomyocardial bi-
opsy has sensitivity only about 20-30%, with high rate of 
false negative results. Periprocedural echocardiography 
may increase diagnostic yield by guiding the biopsy to 
myocardial regions with pathological findings seen on 
CMR or FDG-PET/CT. Importantly, periprocedural elec-
troanatomic voltage mapping demonstrating local voltage 
abnormalities of the myocardium currently represents the 
most promising method for targeting of endomyocardial 
biopsy and thus increasing its sensitivity; however, its use 
is still limited39.

Natriuretic peptides
According to the study done on 172 patients with 

sarcoidosis, BNP is significantly increased in patients 
with cardiac sarcoidosis. The cut off value of 40pg/mL 
for BNP and 125 pg/mL for NT-proBNP, respectively, 
can identify cardiac sarcoidosis with 85% sensitivity and 
68% specificity. Higher values of these natriuretic peptides 
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also predict the development of heart failure40. Of course, 
elevated levels of natriuretic peptides cannot differenti-
ate cardiac sarcoidosis from other cardiac pathologies. 
However, in recently published prospective study of 201 
Polish patients, NT-proBNP level has been shown to be 
a factor associated with an increased risk of cardiac sar-
coidosis, together with male gender, the presence of ex-
trathoracic sarcoidosis, cardiac related symptoms, ECG 
abnormalities and contemporary radiological progression 
of pulmonary involvement41.

Electrophysiological testing
Ventricular tachycardias represent common manifesta-

tion of cardiac sarcoidosis and may be present in 23% of 
patients. Electrophysiological testing is used to assess the 
inducibility of ventricular arrhythmias to evaluate the risk 
of sudden cardiac death. The inducibility of ventricular 
tachycardia is not related to the activity of sarcoidosis, 
but it is associated with low LV EF and implies worse 
prognosis4. 

In patients with spontaneous sustained ventricular 
arrhythmias, the risk of sudden death is increased 4.47 
times. However, in patients with induced ventricular ar-
rhythmias during electrophysiological testing the risk of 
sudden death is even 6.97 higher. In accordance, more 
than 50% of patients with spontaneous or inducible ven-
tricular tachycardias get adequate ICD shock within 1 
year after device implantation4. In study by Mehta et al. 
even 10% of patients with no symptoms of cardiac sarcoid-
osis who were diagnosed only by imaging findings had 
inducible ventricular arrhythmias and received ICD. In 
5.5 years of follow-up, ventricular tachycardias appeared 
in 75% of those with initially inducible arrhythmia and 
only in 1.5% without it. Of note, average LV EF was 36.4% 
in patients with inducible arrhythmias, whereas 55.8% in 
subjects without them42.

DIAGNOSTIC CRITERIA OF CARDIAC 
SARCOIDOSIS 

There are currently 2 major recommendations for di-
agnosis of cardiac sarcoidosis. According to the Heart 
Rhythm Society (HRS) consensus statement criteria, 
two diagnostic pathways of cardiac sarcoidosis are pos-
sible. The first one is based on direct histological prove of 
sarcoidosis in the sample of myocardial tissue; the other 
combines histological diagnosis of extracardiac sarcoid-
osis together with at least one of the clinical or imaging 
criteria for cardiac disease (Table 1). Therefore, histologi-
cal finding of epithelioid granulomas in any organ is still 
necessary to diagnose sarcoidosis in general and isolated 
cardiac sarcoidosis can be diagnosed only by myocardial 
biopsy with all its known limitations and risks, namely 
low diagnostic yield43.

According to the Japanese Circulation Society guide-
lines, the histological diagnosis of cardiac sarcoidosis is 
done when non caseating epithelioid granulomas in myo-
cardium are found through endomyocardial biopsy or car-
diac surgery and other possible diagnoses were ruled out. 
Of note, these guidelines state, that the clinical diagnosis 
of cardiac sarcoidosis is currently possible even without 
performance of any biopsy. Clinically diagnosed cardiac 
sarcoidosis may be based on 1) the presence of epithelioid 
granulomas in organs other than heart together with the 
presence of clinical findings strongly suggestive of cardiac 
involvement, or 2) scintigraphic or FGD/PET-CT findings 
of abnormally higher tracer accumulation are present in 
heart and at least 3 other major criteria are fulfilled as 
well. The presence of strongly suggestive cardiac sarcoid-
osis is defined by two or more of the five major criteria, 
or one of the major criteria and two of three the minor 
criteria, listed in Table 2 (ref.4).

Table 1. Heart Rhythm Society 2014 Criteria for the Diagnosis of Cardiac Sarcoidosis (modified according to ref.41).

Histological diagnosis Endomyocardial biopsy specimen with non-caseating epitheloid granulomas and no alternative 
cause identified (including negative organismal stains if applicable)

Clinical diagnosis* Histological diagnosis of extra-cardiac sarcoidosis 
     and at least one of the following:
– Steroid ± immunosuppressant responsive cardiomyopathy or heart block
– Unexplained reduced LVEF (< 40%)
– Unexplained sustained (spontaneous or induced) VT 
– Mobitz type II 2nd or 3rd degree atrioventricular block
– Patchy uptake on dedicated cardiac PET (in a pattern consistent with CS) and/or late 

gadolinium enhancement on CMR (in a pattern consistent with CS) and/or positive gallium 
uptake (in a pattern consistent with CS)

 and
Alternative causes for the cardiac manifestations excluded

* Clinical diagnosis is probable if above mentioned criteria are satisfied.
CMR, cardiac magnetic resonance; CS, cardiac sarcoidosis; LVEF, left ventricular ejection fraction; PET, positron emission tomography; VT, 
ventricular tachycardia.
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Table 2. Japanese Circulation Society 2017 Criteria for the Diagnosis of Cardiac Sarcoidosis (modified according to ref.3).

Histological diagnosis Endomyocardial biopsy or surgical specimens demonstrate non-caseating epithelioid granulomas and 
other causes and local sarcoid reactions can be ruled out

Clinical diagnosis 1) Granulomas are found in organs other than the heart, and clinical findings are strongly suggestive 
of cardiac involvement; 2) or clinical findings are strongly suggestive of pulmonary or ophthalmic 
sarcoidosis and at least 2 of the 5 characteristic laboratory findings of sarcoidosis* are present and 
clinical findings strongly suggest of CS: 
A. Two or more of the five major clinical criteria are satisfied 
    or 
B. One of five of the major criteria and two or more of the three minor criteria are satisfied

Major criteria:
1. High-grade atrioventricular block (including complete atrioventricular block) or fatal ventricular 

arrhythmia
2. Basal thinning of the ventricular septum or abnormal ventricular wall anatomy (ventricular 

aneurysm, thinning of the middle or upper ventricular septum, regional ventricular wall thickening)
3.  Left ventricular contractile dysfunction (ejection fraction less than 50%) or focal ventricular wall 

asynergy 
4. 67Ga-citrate scintigraphy or 18F-FDG PET reveals abnormally high tracer accumulation in the heart
5.  Gadolinium-enhanced CMR reveals delayed contrast enhancement of the myocardium 

Minor criteria:
1.  Abnormal ECG findings: non-sustained ventricular arrhythmias or multifocal or frequent premature 

ventricular contraction, bundle branch block, axis deviation, abnormal Q waves
2. Perfusion defects on myocardial perfusion scintigraphy 
3.  Endomyocardial biopsy: monocyte infiltration and moderate or severe myocardial interstitial fibrosis              

Isolated cardiac 
sarcoidosis

1. No clinical findings characteristics of sarcoidosis are observed in any organs other than the heart
2. 67Ga- scintigraphy or 18F-FDG PET reveals no abnormal tracer accumulation in any organs other 

than the heart.
3. A chest CT scan reveals no shadow along the lymphatic tracts in the lungs or no hilar and 

mediastinal lymphadenopathy (minor axis >10mm)
    and

•	 Endomyocardial	biopsy	or	surgical	specimens	demonstrate	non-caseating	epithelioid	granulomas
or

• 67Ga-scintigraphy or 18F-FDG PET reveals abnormally trace accumulation are present in heart 
and at least three other major criteria are satisfied

•	 Endomyocardial	biopsy	or	surgical	specimens	demonstrate	non-caseating	epithelioid	granulomas
or

• 67Ga-scintigraphy or 18F-FDG PET reveals abnormally trace accumulation are present in heart 
and at least three other major criteria are satisfied

* (1) Bilateral hilar lymphadenopathy; (2) High serum angiotensin-converting enzyme (ACE) activity or elevated serum lysozyme levels; (3) High 
serum soluble interleukin-2 receptor (sIL-2R) levels; (4) Significant tracer accumulation in 67Ga-citrate scintigraphy or 18F-FDG PET; (5) A 
high percentage of lymphocytes with a CD4/CD8 ratio of >3.5 in bronchoalveolar lavage fluid.
CMR, cardiac magnetic resonance; CS, cardiac sarcoidosis; CT, computer tomography;18-FDG PET, fluorodeoxyglucose positron emission 
tomography.

PROGNOSIS OF CARDIAC SARCOIDOSIS

Cardiac involvement in sarcoidosis is generally as-
sociated with adverse prognosis. It has been shown to 
be a cause in about two-thirds of deaths in patients who 
died from sarcoidosis in Japan44. Other data from Japan 
demonstrated 1-year survival pf patients with cardiac 
sarcoidosis to be 85%, and 60% and 44% in 5- and 10-
year survival, respectively45. More optimistic results have 
been reported recently by Finnish authors who described 
1-year survival of 97.3% patients with cardiac sarcoidosis, 
with 90% and 83% surviving in subsequent 5- and 10-year 
follow-up, respectively46. The difference between results 
of these two studies may be related to the improvement 

of long-term prognosis of affected individuals caused by 
earlier initiation of corticosteroid therapy in the latter.

Several clinical, laboratory as well as imaging param-
eters have been shown to be associated with the prognosis 
of cardiac sarcoidosis. Not surprisingly, heart failure se-
verity, LV EF together with troponin as well as natriuretic 
peptide levels are associated with worse prognosis22.

Of echocardiographic parameters other than LV EF, 
global longitudinal strain seems to be an independent 
prognostic factor. In a cohort of 100 Dutch patients, a 
cut-off value -17% of global longitudinal strain predicted 
future development of LV systolic dysfunction, onset of 
heart failure, higher rate of hospitalizations, new dysrhyth-
mias, and mortality of affected patients47.
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As in other myocardial diseases, the presence of re-
placement fibrosis, i.e. scar, demonstrated by CMR-LGE, 
has been shown to have a prognostic impact. Especially 
the presence of LGE in basal interventricular septum 
appears to be associated with worse prognosis, probably 
due to the location of cardiac conduction system in this 
region. 

Cardiac FDG/PET-CT examination also provides 
prognostic information. Blankstein et al. showed, that the 
presence of perfusion defect together with increased FDG 
uptake should be regarded as a significant predictor of 
sustained ventricular tachycardias and death48. The prog-
nostic importance of focal right ventricular FDG uptake 
was also demonstrated in this study. 

THERAPY OF SARCOIDOSIS – GENERAL 
PRINCIPLES

The decision to initiate treatment of sarcoidosis is 
difficult because of rather unpredictable course of the 
disease. In many patients, the “watch and wait strategy” 
is applied and treatment delayed allowing spontaneous 
remission, that occurs in 50% of patients49. This approach 
requires careful and regular check-ups with monitoring of 
organ function over time. The indications for starting anti-
inflammatory therapy include progressive impairment of 
pulmonary function, major radiographic progression, oph-
thalmological manifestation, diabetes insipidus, lupus per-
nio, obstructive lymph nodes, renal or liver abnormalities, 
splenomegaly with thrombocytopenia, hypercalcemia, 
neurosarcoidosis and, importantly, any kind of cardiac 
involvement50.

Corticosteroids are currently the first line of therapy4. 
However, the prospective randomised clinical trials with 
systemic corticosteroid therapy have been conducted 
mainly in patients with pulmonary sarcoidosis an only 
limited reports have described their effects for extrapul-
monary manifestations. 

Other immunosuppressants are used as a second ther-
apeutic line. They play an important role in treatment of 
corticosteroid-resistant disease, they can minimize the ad-
verse effect of steroids by reducing their dose and shorten 
the duration of steroid therapy. Several reports of success-
ful treatment with only non-steroid immunosuppressants 
have been published, but the combination with steroids is 
still dominantly used49. Methotrexate represents the most 
used steroid sparing agent. Its effect has been documented 
in skin, ocular, and neuromuscular sarcoidotic lesions as 
well as in chronic lesions of lung and heart. Azathioprine, 
another antimetabolite, has similar efficacy and signifi-
cant steroid sparing potency as methotrexate; however, 
its use is associated with more infectious complications. 
Mycophenolate mofetil is a reversible inhibitor of inosine 
monophosphate dehydrogenase, that prevents prolifera-
tion of T and B lymphocytes and releases proinflamma-
tory mediators in the granulomas. It can be used as an 
immunosuppressant after organ transplantation as well as 
in the treatment of inflammatory diseases. Its advantage 

lies in the absence of lung, hepatic and renal toxicity. 
Cyclophosphamide is usually indicated in severe cases 
when other therapeutic agents have failed. Leflunomide 
represents another alternative immunosuppressant with 
effect on pulmonary as well as extrapulmonary disease. It 
is often used as the third line of treatment in patients with 
progressive disease, who cannot tolerate other medication 
due to its toxic effects. 

The principles of targeted treatment of sarcoidosis 
are based on the current knowledge of its immunopatho-
genesis. Tumor necrosis factor (TNF) represents a base 
mediator in recalcitrant sarcoidosis. It has a significant 
effect on granuloma formation as well as on progression 
of sarcoidosis. Both thalidomide and lenalidomide are im-
munomodulatory agents that inhibit production of TNF, 
and their effect was documented mainly in cutaneous 
form of the disease. Infliximab and its humanized form 
adalimumab belong to monoclonal antiTNF-alpha anti-
bodies which are used in cases of refractory sarcoidosis, 
predominantly extrapulmonary. Anticytokine monoclonal 
antibodies represent highly specific approach to affect the 
inflammatory process; however, the possibility of severe 
infectious or autoimmune complications limits their use50.

Bisphosphonates are given as a prevention of hypercal-
cemia, which occurs in 5-10% of patients50. Antimicrobial 
drugs have been used in the treatment of sarcoidosis main-
ly in the USA; however, their efficiency has not been prov-
en yet. Only individual patients with skin lesions respond 
well to the administration of tetracyclines. Bosentan is an 
endothelin receptor antagonist, that is indicated in pa-
tients with pulmonary arterial hypertension associated 
with pulmonary sarcoidosis. Neurostimulants positively 
affect fatigue and small fibre neuropathy50.

THE TREATMENT OF CARDIAC SARCOIDOSIS

In general, therapy of cardiac sarcoidosis combines 
immunosuppressive treatment of inflammation itself 
together with cardiac-specific pharmacological and non-
pharmacological therapeutic approaches.

Early initiation of immunosuppressive therapy pre-
vents progression of ventricular dysfunction and improves 
clinical outcomes. Despite the lack of placebo-controlled 
trials, there is a general agreement that corticosteroids 
should be considered in all patients with cardiac sar-
coidosis. The prognosis seems to be better when corti-
costeroid therapy is initiated even before LV dysfunction 
develops. The meta-analysis published by Sadek et al. 
showed that 47% of patients with high degree AV blocks 
significantly respond to immunosuppression therapy50. In 
already developed heart failure, the improvement of LV 
systolic function is seen in patients with only modestly 
decreased LV EF; however, in cases with advanced LV 
systolic impairment, no response to therapy is frequent 
due to the presence of irreversible fibrotic changes within 
the myocardium51. Nevertheless, even in these patients a 
significant improvement in LV function may be reached 
by immunosuppressive therapy as shown by Kandolin et 
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al.46. Thus, early administration of immunosuppressive 
agents, given in adequate doses, is an important factor of 
the therapeutic efficacy.

According to current recommendations, oral cortico-
steroid therapy should be started with the initial dose of 
30 mg (0.5 mg/kg) or 60 mg (1 mg/kg) of prednisolone 
daily for the first 4 weeks with subsequent reduction by 
5 or 10 mg at intervals of 2 to 4 weeks depending on dis-
ease response with final maintenance dose of 5 to 20 mg 
daily. In patients with diabetes mellites or active infectious 
diseases, the initial doses are usually lower and given for 
shorter period. The termination of corticosteroid therapy 
may be considered after 6-12 months of its administration 
based on patients’ symptoms, clinical findings and results 
of imaging studies, especially FDG/PET-CT or Gallium-
scintigraphy51. Patients with rapidly progressing cardiac 
sarcoidosis are treated with initially higher doses or pulse 
therapy. 

In case of relapse, corticosteroids may be administered 
again as the only treatment, but they are usually combined 
with other immunosuppressive agent for at least 2 years52.

The patients with LV systolic dysfunction and heart 
failure are treated according to current guidelines53. 
Among antiarrhythmics, betablockers, sotalol and amio-
darone are mostly used. However, amiodarone should be 
administered with caution, because of frequent concomi-
tant lung and liver involvement. Flecainide and propafe-
none are prohibited because of their proarrhythmic 
properties. Calcium channels blockers like verapamil are 
not recommended4.

The implantation of permanent pacemaker is indicat-
ed in patients with second- or third-degree AV block, with 
symptoms of bradycardia or with long lasting arrests, even 
if bradyarrhythmia is reversal with immunosuppression. 
Immunosuppressive therapy is expected to effect conduc-
tion system; however, individual response is unpredict-
able. The patients with sarcoidosis and high degree AV 
blocks should receive permanent pacing even without a 
drug washout period54. Importantly, biventricular pace-
maker must be considered in all patients indicated to ICD 
even in the absence of other criteria for resynchronization 
therapy to prevent further deterioration of LV function 
due to the unphysiological nature of right ventricular pac-
ing as shown in BLOCK HF study55.

Of note, in any case of an indication for permanent 
pacemaker therapy, a preventive ICD implantation should 
be considered. In general, ICD is inserted in patients with 
high risk of sudden death. As a secondary prevention, 
ICD is clearly indicated in those who survived sudden 
cardiac arrest or in whom sustained ventricular tachycar-
dia was documented, either spontaneous or induced by 
electrophysical testing (Class I). Individuals with LVEF 
35% or less despite optimal medical therapy and a period 
of immunosuppression treatment are also in high risk of 
ventricular arrhythmias and primary preventive ICD im-
plantation should be considered as a class IIa level of 
recommendations, if expected survival is greater than 1 
year. Importantly, preventive ICD implantation should be 
considered as a class IIa level of recommendations also 

in patients with LVEF greater than 35%, who are symp-
tomatic with syncope of unknown cause, in individuals 
with LVEF less than 50% and CMR evidence of extensive 
myocardial scar and in patients who have other indication 
for permanent pacing56. According to Finish data from the 
MIDFIN database, risk of sudden cardiac death and ma-
lign ventricular arrhythmias is significantly higher also in 
patients with lone AV block and normal LV systolic func-
tion57. In this database, 9% of patients with permanent 
pacemaker due to high degree AV block and normal LV 
systolic function experienced sudden cardiac death and 
24% sudden cardiac death or sustained ventricular tachy-
cardia at 5 years follow-up. Furthermore, in patients with 
AV block and even mildly reduced LV systolic function, 
the rate of sudden cardiac death was even 14%. 

CRT-D is indicated in symptomatic heart failure pa-
tients with LVEF lower than 35% despite optimal drug 
therapy in whom QRS is prolonged. As already stated 
above, CRT or CRT-D should be considered in all patients 
indicated either for implantation of a permanent pace-
maker due to bradycardia or to ICD implantation even in 
the absence of conventional criteria for resynchronization 
therapy55.

 The management of ventricular tachyarrhythmias in 
cardiac sarcoidosis should be modified according to the 
phase of the disease. Immunosuppression has a major 
role in patients with evidence of active inflammation 
as evaluated by FDG-PET/CT. Immunosuppression in 
combination with antiarrhythmics can reduce ventricular 
arrhythmia burden in patients with frequent symptom-
atic ventricular tachycardias and evidence of myocardial 
inflammation58. Catheter ablation may be used in pa-
tients with no active inflammation in the myocardium. It 
is indicated in individuals with ventricular tachycardias 
uncontrollable by corticosteroids or antiarrhythmics, in 
those who cannot take antiarrhythmic drugs and in cases 
of storms of ventricular tachycardias. Due to the nature 
of the disease, there is usually more than one arrhythmo-
genic substrate in cardiac sarcoidosis. Therefore, about 
half of the patients must undergo more than one ablation 
procedure. The reasons of unsuccessful ablation include 
tachycardias arising from the ventricular septum, diffuse 
right ventricular scarring with the presence of several re-
entry circuits, and tachycardias arising close to the coro-
nary artery or bundle of His (ref.4).

Heart transplantation
In the end-stage phase of cardiac sarcoidosis, heart 

transplant may be considered. According to current guide-
lines, heart transplantation is indicated in patients with ir-
reversible severe LV systolic dysfunction and heart failure 
symptoms in NYHA class III-IV, provided they are physi-
cally able to undergo transplantation and have adequate 
social environment. If extracardiac manifestations of sar-
coidosis are present, the life prognosis of affected patient 
should be at least 5 years53. Importantly, heart transplanta-
tion should always be considered after at least one period 
of corticosteroid therapy, as this treatment may improve 
LV systolic function as well as exercise tolerance. 
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Patients with cardiac sarcoidosis undergoing heart 
transplantation have acceptable long-term outcomes, 
comparable to other patient populations. According to 
data published by Perkel et al., no significant differences 
in 5-year freedom from rejection, 5-year survival, 5-year 
freedom from chronic coronary artery disease and 5-year 
freedom from nonfatal major adverse cardiac events were 
seen in 19 patients transplanted for cardiac sarcoidosis 
as compared to the rest of transplanted cohort counting 
in total 1069 individuals59. Similar results were published 
recently by Kandolin et al., who demonstrated that out-
comes of 12 transplanted patients with cardiac sarcoidosis 
were like in patients transplanted due to other cardiomy-
opathies46.

Patients with cardiac sarcoidosis who underwent heart 
transplantation, must be carefully observed as the exacer-
bation or recurrence of the inflammation may occur. The 
risk of recurrence seems to be lower in individuals with 
isolated cardiac sarcoidosis4.

Ventricular assist devices are currently indicated in 
subjects with advanced heart failure during the waiting 
period for heart transplantation. Patients with cardiac sar-
coidosis usually continue to take corticosteroid therapy 
though there is an increased risk of infection and the ben-
efit of ongoing therapy with steroids has not been clearly 
documented so far4.

CONCLUSIONS

Cardiac sarcoidosis may be a part of multisystemic 
disease or present as an isolated heart disorder. High 
grade AV blocks and ventricular tachyarrhythmias are the 
most common clinical manifestations, both associated 
with sudden death. The diagnosis of CS is often challeng-
ing and necessitates a multimodality approach with CMR 
and FDG-PET/CT being the key imaging examinations. 
Treatment of CS is based on anti-inflammatory therapy, 
primarily corticosteroid administration, combined with 
pharmacological as well as non-pharmacological ap-
proaches to the treatment of arrhythmias and heart fail-
ure, respectively. Despite the advancements in therapy, CS 
still accounts for substantial mortality. Further research 
efforts are therefore necessary for a better understanding 
of its pathogenesis as well as for improving diagnosis and 
management of CS.

Search strategy and selection criteria
Our research strategy was aimed at evaluating studies 

on cardiac manifestations of sarcoidosis. Scientific arti-
cles from 1949 to 2021 were searched using the PubMed 
database. All searches were up to date as of July 2021. 
The search terms used included “sarcoidosis”, “heart”, 
“heart failure”, “arrhythmia”, “conduction disorder”. Only 
English language papers were reviewed. 
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