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ABSTRACT: Cardiac sarcoidosis is an infiltrative cardiomyopathy that results from granulomatous inflammation of the myocardium
and may present with high-grade conduction disease, ventricular arrhythmias, and right or left ventricular dysfunction. Over
the past several decades, the prevalence of cardiac sarcoidosis has increased. Definitive histological confirmation is often

not possible, so clinicians frequently face uncertainty about the accuracy of diagnosis. Hencg;the, likelihood of cardiac
sarcoidosis should be thought of as a continuum (definite, highly probable, probable, possible, Iowp%b"ﬁ‘{é&liiy, unlikely) rather
than in a binary fashion. Treatment should be initiated in individuals with clinical manifestations and active inflammation in
a tiered approach, with corticosteroids as first-line treatment. The lack of randomized clinical trials in cardiac sarcoidosis
has led to treatment decisions based on cohort studies and consensus opinions, with substantial variation observed across
centers. This scientific statement is intended to guide clinical practice and to facilitate management conformity by providing

a framework for the diagnosis and management of cardiac sarcoidosis.
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ardiac sarcoidosis (CS) is an infiltrative cardiomyop-
‘ athy that results from granulomatous inflammation

of the myocardium. Common presentations include
high-grade conduction disease, ventricular arrhythmias
(VAs), or left ventricular (LV) dysfunction. Accurate diagno-
sis is challenging because of the diverse and nonspecific
presentations. The combination of multimodality imaging
and multidisciplinary collaboration is needed to estimate
the likelihood of an individual having CS.

Given the morbidity and mortality associated with
cardiac involvement of sarcoidosis, timely and accurate
diagnosis to enable prompt tailored management is
essential. However, as a result of the lack of randomized
clinical trials in CS, diagnostic and treatment strategies
are based on cohort studies and consensus opinions. A
recent survey of participants who treat CS found sub-
stantial variation in approach, particularly with regard to
treatment,’ underscoring the need for a scientific state-
ment to guide clinicians. Although unanimous consensus
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on all elements was not possible, we aimed to deliver the
highest level of agreement possible. This scientific state-
ment provides a practical resource for clinicians on the
diagnosis and management of individuals with CS.

PATHOPHYSIOLOGY AND EPIDEMIOLOGY

The exact cause and pathophysiology of sarcoidosis
remain incompletely understood. The most common
hypothesis involves environmental exposure (including
mold, insecticides, or silica dust) to an unknown antigen
in the context of genetic predisposition.'”® Genome-wide
studies have demonstrated a genetic susceptibility re-
lated to the HLA class Il alleles, with increased risk of
developing sarcoidosis in individuals with a family history
of sarcoidosis.®

There is a dysregulated T-cell immunological
response?? with activation of type 1 T-helper cells and
upregulation of cytokines and chemokines, including
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interferon-y, tumor necrosis factor-a, transforming
growth factor-f, interleukin-2, interleukin-12, and
others.*® The regulatory T-cell response is impaired,
resulting in persistent local effector T-cell response
to tissue antigens.® The immune system dysregula-
tion ultimately leads to activation of macrophages
and formation of nonnecrotic inflammatory (so-called
noncaseating) granulomas that may be observed in
almost any organ system, including the heart. There
is an active inflammatory phase that can progress to
a fibrotic phase, both of which may contribute to car-
diac dysfunction. Studies have shown an association
between HLA class Il alleles and the risk of develop-
ing sarcoidosis®” and the severity of disease.®

The incidence and prevalence of sarcoidosis vary by
region, sex, and race. In the United States, systemic sar-
coidosis has a prevalence of 352 cases per 100000
population with clustering on the East Coast near urban
areas® and with higher incidence and prevalence in Black
Americans.”® The prevalence of systemic sarcoidosis is
higher in women compared with men.'" Likely related to
growing awareness and diagnostic advances, the preva-
lence of CS, in both patients with known systemic sar-
coidosis and those with new sarcoidosis diagnoses, has
increased over the past several decades. For example,
there has been a 20-fold increase in the annual detec-
tion rate of CS in Finland between 1988 and 2012,'?
with a prevalence of clinically manifest CS of 14 cases
per 100000 population.? There appears to be racial
variation in cardiac involvement; CS is particularly preva-
lent in the Japanese population.'® Furthermore, the clini-
cal phenotype of CS appears to vary by race and sex,
with symptomatic heart failure (HF) more common in
Black individuals- compared with- White individuals and
in women compared with men, whereas VAs have been
reported to be more frequent in men than in women.™

CLINICAL PRESENTATION
Classic Manifestations

In individuals with systemic sarcoidosis, the lung is the
most frequently involved organ, affected in up to 90%
of cases. Although ~20% of patients with systemic sar-
coidosis referred for imaging have cardiac involvement,
clinically manifest disease is encountered in only #5%.'®
Certain clinical scenarios raise “red flags” that should
promptevaluation for CS. These include unexplained high-
grade atrioventricular block in an individual <60 years
of age, unexplained VA, or echocardiographic findings,
including reduced LV ejection fraction (LVEF), regional
wall aneurysm, or basal septal thinning in the absence of
coronary artery disease or another explanation. Labora-
tory data can be helpful because sarcoidosis may pres-
ent with hypercalcemia due to increased production of
1,256-dihydroxyvitamin D by activated macrophages.
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The clinical presentation of CS depends on the loca-
tion, extent, and activity of the myocardial granulomatous
infiltration. For example, individuals with involvement
of the basal interventricular septum are more likely to
present with heart block, whereas subjects with exten-
sive replacement myocardial fibrosis are more likely to
develop ventricular systolic dysfunction and HF. Similarly,
the presence and extent of myocardial granulomatous
scar are strongly associated with the occurrence of VA,
with right ventricular (RV) involvement being associ-
ated with increased VA risk.'® A substantial proportion
of patients diagnosed with CS will present with cardiac
manifestations as their presenting organ of involvement,
with #49% to 65% initially presenting without clinically
evident extracardiac involvement.'"

On comprehensive evaluation, the majority of indi-
viduals with CS will demonstrate systemic involvement,
underscoring the need to perform a thorough organ
assessment.'® In a small number of cases, truly isolated
CS can occur in the context of subclinical or later diag-
nosed extracardiac disease'®; however, reported rates
of clinically isolated CS are unreliable because of varia-
tion in diagnostic strategies and confirmation.'?20-22 |t
is important to note that in cases of clinically isolated
CS, other causes for the cardiac presentation must
be excluded, notably inherited_cardiomyopathy, as dis-
cussed later.2324 W &

Heart

) | Association.

DIAGNOSIS

Diagnostic Modalities

Electrocardiography and Echocardiography
Given the wide differential diagnosis, confirmation of CS
can be challenging. ECG and echocardiography have
limited sensitivity but can provide clues to the presence
of CS. On ECG, nonspecific findings may include con-
duction delay, AVB, fragmented QRS complexes, and
right or left bundle-branch block. Ambulatory electrocar-
diographic monitoring may increase suspicion for CS if
frequent premature ventricular contractions, high-grade
conduction abnormalities, or VAs are present.
Echocardiography may demonstrate reduced LVEF,
regional wall aneurysm, basal septal thinning, and abnor-
mal global longitudinal strain.?2? Despite limited sensi-
tivity and specificity, echocardiography can be useful for
screening for CS and serial monitoring because of its
wide accessibility and low cost. However, individuals with
CS may have both normal ECG and normal echocardiog-
raphy; thus, cardiac magnetic resonance (CMR) imag-
ing and fluorine-18 fluorodeoxyglucose (FDG)—positron
emission tomography (PET) are the fundamental imag-
ing modalities for accurately diagnosing CS (Figure 1).
Furthermore, fusion of cardiac FDG-PET and CMR
images may be helpful when both the software and clini-
cal expertise are available.

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240



20z ‘8T |1udy uo Aq Bio'sfeulnofeye//:dny woly pspeojumod

Cheng et al

Diagnosis and Management of Cardiac Sarcoidosis

Phenotypes
A

Focal septal FDG
uptake with or
without
corresponding LGE

FDG PET

Typical Presentation

Heart block

Multifocal LGE and
FDG uptake in a
pattern consistent
with cardiac
sarcoidosis

Heart block
Ventricular arrhythmias

LV systolic dysfunction

Cc

Multifocal LGE in a
pattern consistent
with cardiac
sarcoidosis without
FDG uptake

Ventricular arrhythmias

LV systolic dysfunction

D

LGE or FDG uptake
in a pattern NOT
consistent with
cardiac sarcoidosis

Miscellaneous, including
other presentations, such
as palpitations, dyspnea,
dizziness, ventricular
ectopy

Figure 1. CMR and corresponding PET findings by progression of disease.

Phenotypes and typical clinical presentation(s) based on cardiac magnetic resonance (CMR) and positron emission tomography (PET) imaging
findings in patients with suspected cardiac sarcoidosis. Red and black arrows highlight the location of late gadolinium enhancement (LGE) and
fluorodeoxyglucose (FDG), respectively. PET-magnetic resonance (MR) images were fused offline with commercial software (MIMvista Corp,

Cleveland, OH). LV indicates left ventricular.

Cardiac Magnetic Resonance Imaging

CMR is a high-spatial-resolution technique used to localize
and quantify areas of late gadolinium enhancement (LGE)
as a marker of myocardial involvement from sarcoidosis.

Gadolinium is an extracellular contrast agent with
rapid washout from normal myocardium but slow wash-
out from areas of fibrosis and inflammation, resulting in
LGE within the expanded extracellular space.?”

With clinical criteria used as the reference and non-
ischemic LGE patterns used as the definition of a positive
case, CMR had a high sensitivity (95%) and specificity
(85%) for the diagnosis of CS in a meta-analysis of 17
studies and 1031 individuals.?® It is important to note
that myocardial LGE also carries significant prognostic
value as the strongest predictor for all-cause mortality
and sustained VA among individuals with known or sus-
pected CS.'6

Myocardial LGE can occur because of sarcoidosis-
related inflammation or fibrosis/scar. In a systematic

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240

review and meta-analysis of gross pathological heart
images of individuals with histologically diagnosed CS,
certain common locations of CS involvement were iden-
tified (Figure 1): LV subepicardial, septal, LV multifocal,
or RV free wall involvement was observed in >90% of
cases (pathology-frequent features); other features such
as the absence of gross myocardial involvement, isolated
LV midmyocardial involvement, isolated LV subendocar-
dial involvement, and the absence of septal involvement
were rare or absent (pathology-rare features).?

When the CMR correlates of these gross pathological
findings were subsequently validated in 504 individuals
with biopsy-proven extracardiac sarcoidosis,*® the prev-
alence of pathology-frequent LGE was 20.4% and of
pathology-rare LGE was 11.5%. The remaining individuals
had no evidence of myocardial LGE, including a subset with
reduced LVEF (10.5%). It is remarkable that pathology-
frequent LGE was associated with a high risk of arrhyth-
mic events independently of LVEF and extent of LGE.
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On the other hand, the absence of pathology-frequent
LGE was associated with a low risk of arrhythmic events,
even in the presence of LGE or abnormal LVEF®°

These data reinforce the concept that the pattern of
LGE can be used to better understand the likelihood of
having CS and that certain patterns are more likely to be
associated with adverse prognosis. However, there are
no patterns of LGE that are sufficient for the diagnosis
CS; thus, even when patients have pathology-frequent
LGE, cardiac or extracardiac tissue confirmation may still
be helpful because other processes (eg, giant-cell myo-
carditis) may have CMR findings indistinguishable from
CS2' Furthermore, CMR interpretation may be subject to
interreader interpretation due to nonspecific findings for
CS.22 Last, the absence of LGE does not fully exclude CS
because early cardiac involvement may exist before the
presence of LGE on imaging.

A practical advantage of CMR compared with car-
diac FDG-PET is that patient preparation before the test
(discussed later) is not needed. CMR also offers a high
negative predictive value (both to rule out disease and to
identify patients who have a low event rate) and can be
useful in evaluating for competing causes (eg, arrhyth-
mogenic RV cardiomyopathy, myocarditis, prior myocar-
dial infarction). Although CMR and FDG-PET modalities
are considered complementary, there are center-specific
variations in practice, but in general, CMR is frequently
the initial test for evaluating individuals with low clinical
suspicion for CS, whereas both CMR and FDG-PET may
be pursued simultaneously when the pretest probability
for CS is higher.®

Cardiac PET

FDG-PET is an integral tool in the evaluation and man-
agement of CS. FDG-PET is generally performed in con-
junction with CMR to assess disease activity and monitor
treatment response. FDG-PET should also be performed
if a high pretest probability remains despite negative,
nondiagnostic, or equivocal CMR results or in situations
when CMR is contraindicated.

When there is clinical suspicion for extracardiac sar-
coidosis or no recent study evaluating for extracardiac
sarcoidosis has been completed, a limited whole-body
PET study should be performed with the same FDG
injection to assess for extracardiac uptake. Evaluating for
extracardiac involvement may identify potential biopsy
sites or guide the use of systemic immunosuppression.®*

FDG-PET imaging identifies metabolically active,
inflammatory lesions. FDG, a glucose analog, is seques-
tered in activated inflammatory cells such as macro-
phages and lymphocytes through insulin-independent
glucose transport proteins (GLUT1 and GLUT3) and
thus accumulates in areas of upregulated glucose
metabolism such as hypermetabolic sites of myocardial
sarcoidosis infiltration. It is important to note that glu-
cose is also a common energy source of healthy myo-
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cardial cells, but unlike inflammatory cells, myocytes take
up glucose through an insulin-dependent mechanism
(GLUT4) regulated by fasting and dietary composition.
Consequently, inducing a “metabolic switch” in the heart,
defined as a shift from utilization of glucose to fatty acids
and fatty acid—derived ketones,® can lead to suppres-
sion of normal FDG uptake in the heart (through GLUT4
translocation inhibition) and identification of FDG-avid
inflammatory cells. In theory, this metabolic switch can be
induced by strategies that increase fatty acid or ketones
levels and, at the same time, reduce insulin release,
including prolonged fasting and dietary switch to a lipid-
rich/carbohydrate-deprived (or ketogenic) diet for a min-
imum of 24 hours before the examination.?® Myocardial
FDG suppression is achieved in *80% of subjects fol-
lowing the ketogenic diet for at least 24 hours¥*® and
up to 95% of subjects will demonstrate myocardial FDG
suppression within 72 hours of ketosis.3%4°

The hallmark of CS on FDG-PET imaging is the
presence of multifocal FDG uptake, particularly when
associated with resting perfusion defects (eg, perfusion-
metabolism mismatch) or in association with extracardiac
inflammation (Figure 1B). When PET (or CMR) findings
are inconclusive, having abnormal findings in CMR and
PET are complementary and may increase the likelihood
of diagnosing CS.#! Occasionally/focal FDG uptake within
the septum (with or without coridsponding LGE) can be
the only imaging evidence of CS infiltration, particularly in
patients presenting with heart block (Figure 1A).*2 How-
ever, CS can also be present in the absence of myocar-
dial FDG uptake in cases of “burned out” CS, in which
metabolically active granulomas are replaced by meta-
bolically inactive fibrotic tissue (Figure 1C).

The pattern of FDG uptake can significantly change
the test characteristics.*® For example, when histological
confirmation from explanted hearts is used as the refer-
ence, the sensitivity and specificity of any FDG uptake
pattern were 100% and 33%, respectively. In contrast,
more specific patterns for CS (eg, multiple noncontigu-
ous perfusion defects with associated FDG uptake or
multifocal FDG uptake in combination with extracardiac
FDG uptake) showed a sensitivity and specificity of 83%
and 100%, respectively.*®

These observations emphasize the importance of
evaluating imaging findings beyond just a binary out-
come and considering the pattern of involvement. Fur-
ther examples of different patterns of CS on FDG-PET
are shown in Figure 1. False-positive results (Figure 1D)
may occur as a result of incomplete physiological sup-
pression** or glucose upregulation in other disease
states such as ischemic (hibernating) myocardium*®;
other forms of dilated, inflammatory, or genetic cardio-
myopathy*®; or recent myocardial infarction. In addition,
recent cardiac procedures such as ablation for VAs may
result in acute inflammation and lead to a false-positive
study.

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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Current Diagnostic Algorithms

There are 2 widely accepted pathways to diagnose CS
(Table 1 and Figure 2). The first pathway requires direct
histological confirmation of noncaseating granulomas
(with no alternative cause identified) in myocardial tis-
sue obtained from endomyocardial biopsy (EMB), LV api-
cal core biopsy, or explanted hearts. However, EMB has
limited sensitivity because of the patchy nature of myo-
cardial infiltration, even when guided by electroanatomic
and voltage mapping.”” Consequently, the diagnosis of
CS may also be made by integrating a series of clinical,
pathological, and imaging criteria, keeping in mind that
multimodality imaging by itself is insufficient for confirm-
ing the diagnosis.

In 2014, in collaboration with several other medical
societies, experts from the Heart Rhythm Society (HRS)
published the first international CS diagnosis consensus
statement*® The only published diagnostic guidelines
until 2014 were those by the World Association of Sar-
coidosis and Other Granulomatous Disorders (WASOG)'®
and the Japanese Ministry of Health and Welfare's crite-
ria’® The HRS diagnostic guideline aligned closely with
the WASOG document,'®8 and the Japanese Circulation
Society published new diagnostic guidelines in 2019.%°
Table 1 provides a summary of algorithms.

Although similarities exist between the HRS and
WASOG diagnostic guidelines, the most recent Japanese
guideline is unique: It does not require biopsy evidence
of noncaseating granulomas, and it is the only guideline
to include an imaging diagnostic algorithm for isolated
CS. Not surprisingly, when the 3 diagnostic guidelines
were compared, there was ‘good concordance between
the WASOG and HRS criteria and poor concordance
between the WASOG/HRS and Japanese criteria.®' This
discrepancy underscores an important and unresolved
question: Can CS be accurately diagnosed without histo-
logical confirmation from cardiac or extracardiac tissue?

At many institutions, lung or lymph node biopsy is
pursued first in individuals with suspected sarcoidosis
because of lower procedural risk. In addition, accompa-
nying bronchoscopy results can add diagnostic certainty
based on bronchoalveolar lavage fluid analysis and cell
counts and cultures. Ophthalmology examination should
be performed when there is suspected ocular sarcoid-
osis because lacrimal gland biopsy may provide histo-
logical confirmation. EMB can be necessary in selected
cases. However, because of the focal and patchy nature
of the disease, unguided EMB has a low sensitivity of
~20%, so a negative biopsy does not necessarily rule
out CS* Both FDG-PET or CMR imaging® and volt-
age map—guided biopsy procedures®?®* increase the
diagnostic yield to 40% to 50%, but the diagnostic yield
remains limited even with targeted EMB, 224854756

Figure 2 includes a suggested diagnostic algorithm
for CS, incorporating many of the points of these prior
guidelines and the experience of the writing group. It is

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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generally accepted that patients have highly probable
CS if both PET and CMR show typical findings of CS
and when such patients also have clear clinical mani-
festations of CS. Given the aforementioned challenges
in obtaining definitive histological confirmation and the
known limitations of clinical diagnostic criteria, clinicians
often face uncertainty about the diagnosis of CS. Thus,
rather than thinking of the diagnosis of CS in a binary
fashion (ie, positive or negative), it may be more helpful
to think of the likelihood of CS according to the following
categories: definite, highly probable, probable, and possi-
ble/low probability (Table 2). These categories are based
on terminology developed by the WASOG for incorporat-
ing the likelihood of disease activity in other organs, and
several investigators have used this construct and sug-
gested how different types of imaging patterns, together
with clinical data, may inform the likelihood of cardiac
involvement 41434757

Diagnosis of Clinically Silent CS in Individuals
With Extracardiac Sarcoidosis

Individuals with systemic sarcoidosis are at increased risk
of adverse cardiovascular events, including HF and atrial
arrhythmia, compared with the general population.?® This
increased risk is likely due to a gembination of comorbid
cardiovascular risk factors andid;fr”yoj.’g“;ﬁg"[giac involvement
of sarcoidosis and is secondary to pulmonary hypertension
driven by pulmonary fibrosis, direct vascular involvement,
or inflammation. Current guidelines lack consensus on
screening for CS; For example, the'2014 HRS consen-
sus suggests performing baseline cardiac history, ECG,
and echocardiogram in all patients, followed by further
evaluation if abnormalities are detected on initial screening.
The American Thoracic Society clinical practice guideline
recommends baseline ECG but limiting the use of echo-
cardiogram and cardiac rhythm monitoring to individuals
according to symptoms and events such as dyspnea, palpi-
tations, or syncope.*®®" Many individuals with extracardiac
sarcoidosis may have subclinical CS without symptoms but
have evidence of LGE on CMR 269960 The impact of treat-
ment in subclinical CS is incompletely understood. Thus,
routine cardiac surveillance of asymptomatic individuals
with extracardiac sarcoidosis cannot be recommended.
However, clinicians caring for individuals with extracardiac
sarcoidosis should maintain a high index of suspicion. Any
symptom should prompt cardiac assessment, especially
because CS may occasionally manifest several years after
the initial sarcoidosis diagnosis.'” This approach may allow
earlier identification of less severe cardiac involvement'”
and more timely initiation of therapies.

Differential Diagnosis

Sarcoidosis is often referred to as the great masquer-
ader because of its diverse manifestations and must be
differentiated from other phenotypically similar cardiac
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Table 1. Summary of Diagnostic Criteria for CS

HRS criteria 2014 | Definite CS: histological diagnosis from myocardial tissue

CS is diagnosed in the presence of noncaseating granuloma on histological examination of myocardial tissue with no alternative
cause identified

Probable CS: clinical diagnosis from invasive and noninvasive studies

There is a histological diagnosis of extracardiac sarcoidosis, and 1 of the following is present:
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Immunosuppressant-responsive cardiomyopathy or heart block

Unexplained reduced LVEF <40%
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Unexplained sustained VT or high-degree AVB

Patchy FDG uptake on a dedicated cardiac PET in a pattern consistent with CS
LGE on CMR in a pattern consistent with CS
Positive ®’Ga uptake in a pattern consistent with CS

And other causes have been reasonably excluded.

JCS criteria 2016 | Histologic diagnosis group
(with systemic

; EMB or surgical specimens demonstrate noncaseating granulomas
involvement)

Clinical diagnosis group
Those with negative myocardial biopsy or not undergoing myocardial biopsy. The patient is clinically diagnosed as having CS when:

2 or more of the 5 major criteria are satisfied OR 1 in 5 major and >2 minor criteria are satisfied:

Major criteria:
High-degree AVB or fatal VT/VF
Basal thinning of the ventricular septum or abnormal ventricular wall anatomy
LV contractile dysfunction
%’Ga or FDG-PET reveals abnormally high tracer uptake in the heart
CMR reveals LGE of the myocardium

Minor criteria: \\‘& ﬁg%g::n

Abnormal ECG findings (nonsustained VT, premature ventricular complexes, bundle-branch block, axis deviation, abnormal Q
waves)

Perfusion defects on SPECT

Monocyte infiltration and moderate fibrosis on EMB
AND

Granulomas are found in organs other than the heart OR the individuals show clinical findings strongly suggestive of pulmonary
or ophthalmic sarcoidosis AND at least 2 of 5 characteristic findings of sarcoidosis are present:

Bilateral hilar lymphadenopathy

Elevated angiotensin-converting enzyme or serum lysozyme levels
Elevated serum soluble interleukin-2 receptor levels

Significant tracer accumulation in ’Ga citrate scintigraphy or FDG-PET

A high percentage of lymphocytes in bronchoalveolar lavage fluid with a CD4/CD8 ratio>3.5

JCS criteria 2016 | Histological diagnosis group
(isolated
cardiac

sarcoidosis) Clinical diagnosis group

EMB or surgical specimens demonstrate noncaseating granulomas

Those with negative myocardial biopsy or not undergoing myocardial biopsy; isolated CS is diagnosed clinically when there is
significant tracer accumulation in ®’Ga citrate scintigraphy or FDG-PET and at least 3 of the other major criteria are satisfied:

20z ‘8T |1udy uo Aq Bio'sfeulnofeye//:dny woly pspeojumod

Major criteria:
High-degree AVB or fatal VT/VF
Basal thinning of the ventricular septum or abnormal ventricular wall anatomy
LV contractile dysfunction
CMR reveals LGE of the myocardium

AND the following prerequisites are met:
No clinical findings of sarcoidosis in any organs other than the heart
57Ga citrate scintigraphy or FDG-PET reveals no abnormal tracer uptake in organs other than the heart

Chest CT shows no findings consistent with pulmonary sarcoidosis (shadow along lymphatic tracts in the lungs or
hilar/mediastinal lymphadenopathy >10 mm)

Coronary artery disease and other inflammatory myocardial diseases are ruled out

(Continued)
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Table 1. Continued

Diagnosis and Management of Cardiac Sarcoidosis

criteria Treatment-responsive cardiomyopathy and AVB

High-degree AVB
Patchy uptake on a dedicated cardiac PET
LGE on CMR

Positive ’Ga uptake

T2 prolongation on CMR

Reduced LVEF in the absence of other risk factors

Defect on perfusion scintigraphy or SPECT scan

And alternative causes have been reasonably excluded

WASOG 2014 | Granulomatous inflammation has been demonstrated in another organ and 1 of the following:

Spontaneous or inducible sustained VT with no risk factors

AVB indicates atrioventricular block; CMR, cardiac magnetic resonance; CS, cardiac sarcoidosis; CT, computed tomography; EMB, endomyocardial biopsy; FDG, fluo-
rodeoxyglucose; HRS, Heart Rhythm Society; JCS, Japanese Circulation Society; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection
fraction; PET, positron emission tomography; SPECT, single-photon emission cardiac tomography; VF, ventricular fibrillation; VT, ventricular tachycardia; and WASOG,

World Association of Sarcoidosis and Other Granulomatous Disorders.
Modified from Judson et al,'® Aitken et al,?® and Divakaran et al.*®

syndromes such as acute myocarditis; chronic in-
flammatory cardiomyopathies, including autoimmune
disease-related, inherited, and infiltrative cardiomy-
opathies; and other granulomatous diseases®' Clini-
cal context and cardiac imaging often are insufficient
to differentiate sarcoidosis from other forms of cardiac
pathology causing myocarditis and inherited arrhythmo-
genic cardiomyopathies. Individuals with arrhythmogenic
cardiomyopathy are also often relatively young and can
have overlapping clinical features with CS.52%% A subset
of these individuals, particularly those with a desmoplakin
pathogenic variant cardiomyopathy, can also present with
a myocarditis-like syndrome, with chest pain, elevated
cardiac serum troponin level, and features similar to CS
on advanced cardiac imaging.64®

Arriving at the correct diagnosis can be particularly
challenging in cases of clinically isolated CS. In 1 study,
5 of 16 individuals with presumed clinically isolated CS
based on cardiac imaging were reclassified as hav-
ing genetic cardiomyopathy after genetic testing.?® A
3-generational family history at minimum is important in
individuals suspected of having CS. Referral to genetic
counseling and testing can be useful to identify patho-
genic variants in appropriately selected individuals under-
going evaluation for CS, given implications for treatment
and cascade screening. Although data are still emerging,
we pursue genetic testing in the majority of cases of CS
that lack histological confirmation.

CS should also be distinguished from giant-cell myo-
carditis, a lethal form of myocarditis characterized by
fulminant cardiogenic shock, VA, and conduction dis-
ease. Giant-cell myocarditis is typically diagnosed by the
presence of a diffuse myocardial inflammatory infiltrate
and multinucleated giant cells with associated myo-
cyte necrosis in the absence of a viral origin on EMB.
Despite immunosuppressive therapy, patients may
require mechanical circulatory support and heart trans-

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240

plantation.®® Another infiltrative cardiomyopathy, cardiac
amyloidosis, also requires distinction from CS. Cardiac
amyloidosis can occasionally demonstrate abnormal
FDG uptake on cardiac PET.® However, findings of LV
hypertrophy and reduced global longitudinal strain with
an apical sparing pattern can help differentiate cardiac
amyloidosis from CS.*7 :

The broad spectrum of cliigal-phenotypes in CS
and the limitations to obtain‘i‘n“g a"histopathologically
confirmed diagnosis, particularly in cases of clinically
isolated CS, are added challenges in distinguishing CS
from these alternate diagnoses. A multidisciplinary team
comprising experts in systemic sarcoidosis, HF, electro-
physiology, advanced cardiac imaging, cardiovascular
genetics, and cardiac pathology is necessary to address
this complexity.

TREATMENT

The initiation of treatment should be based on the risk-
benefit ratio, similar to other disease states. In general,
if the individual is symptomatic, treatment should be
initiated in those with definite and highly probable CS.
For the probable group, there should be careful discus-
sion with the individual about the risks versus benefits
of treatment. For those in the possible/low-probability
group, treatment would not be pursued in the majority of
cases given the uncertainty of diagnosis, unclear benefit
of treatment, and potential for harm. For individuals with
unlikely CS, there is typically no indication for immuno-
suppression.

Immunomodulating Agents

There are no randomized controlled trials to guide therapy
with immunomodulating agents in CS (available therapies
summarized in Table 3 and Figure 3). Treatment is typically
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Clinical picion for diac sarcoid
(7 * Known extra cardiac sarcoidosis:
Ll - If symptoms: frequent palpitations/
E lightheadedness/syncope
d - If signs: EKG abnormalities or cardiac Helpful tests to consider in individuals with p d cardiac sarcoid
o imaging with reduced LVEF, focal * 12-lead ECG (in all)
= aneurysms/basal septal wall thinning * Ambulatery ECG monitoring if palpitations, lightheadedness, or syncope
g * No known sarcoidosis: + Echocardiogram -- to assess potential cardiac involvement
— Heart block (22° AV block type 2) in n (note: normal echo does not rule out cardiac sarcoidosis)
g a young individual Cardiac MRI + Evaluation for coronary artery disease (CCTA or invasive angiography) if
=< — Unexplained ventricular tachycardia with gadolinium areas of scar or perfusion/metabolism mismatch on nuclear imaging
Inconclusive CMR CMR consistent with CS

Normal CMR
(Normal EF, no WMA, [-] LGE)

(Nonspecific LGE) (LGE in a pattern typical of CS)

Low clinical High clinical
suspicion for CS suspicion for CS i
> Cardiac PET FDG

Cardiac sarcoidosis ¢ Y A
',SE"'"I"“"" " Normal Cardiac PET Inconclusive PET consistent with Evaluate for

cives for the sordlac (No FDG uptake; Cardiac PET active CS extracardiac

findings ' no perfusion defects) {Nonspecific FDG uptake) (+ focal FDG/+ perfusion defect) sarcoidosis ECSis
. M“"‘“I(" for V{:’J’j'et"ing | Low clinical suspicion for CS present

symptoms with interval ; o = No evidence

retesting particularly Evaluate for alternative E;’:L‘ﬂ;;:;;"i::::;'“ sarcoidosis of EOS

Isnalr:‘;is:o‘:igh systemic ;:ﬁf;a:: n;u':qri LDE‘E * Obtain high-resolution chest CT Probable CS or

sarcoidosis (je soar with « If pulmonary findings, consider Highly Probable CS

o . bronchoscopy with bronchealveolar depending on clinical
. further infla I P 9
Unlikely CS «--, [nofurtherinflammatior) lavage and endobronchial biopsy and imaging findings
* Evaluate other organ systems for

sarcoidosis and potential biopsy sites (see Flgure 3 for

No indication for treatment if inflammation

Possible CS/Low Probable CS
probability of CS (see Figure 3
for treatment)

'
1
'
immunosuppression ' v \J is present)
" | '
' .
' Evaluate for Consider - —
Low clinical ! o o o H i If diagnosis is by CMR alone,
suspicion for CS ! extracardiac sarcoidosis ERUCTVECEE S ICPRY consider cardiac PET FDG to
' No evidence of ECS guide decision making
. 4
o L ECS is present
g [ Reevaluate the overall case } Histology positive Histology negative
=3
[e) High clinical suspicion for CS Y
&8 A4 Determine if patient meets - —
8 Consid diagnostic algorithms for CS Definite CS Apply JCS criteria
=y SWEB (Table 1) (see Figure 3 for clinical diagnosis
=) SncomyocamaiiopzY + HRS 2014 criteria for treatment) of isolated CS
3 + WASOG 2014 criteria (Table 1)
= + JCS 2016 criteria
=
-
§ Histology negative Histology positive Does not meet JCS clinical criteria Meets JCS clinical criteria
2 v v ' v
]
=
i Possible CS/Low Definite CS Possible CS/Low Probable isolated CS
%) probability of CS (see Figure 3 probability of CS (see Figure 3 for treatment)
é for treatment)
o No immunosuppression in most cases; No immunosuppression in Tissue diagnosis not available
‘; evaluate for alternative diagnoses; Does not meet Meets clinical most cases; evaluate for and CMR and PET together
=] consider repeat evaluation for CS if clinical diagnostic criteria diagnostic criteria alternative diagnoses; most consistent with sarcoidosis
> warsening symptoms consider repeat evaluation AND clinical manifestations of CS;
e l i for CS if worsening symptoms would also consider genetic testing
= in this group
=
oo
N
Q
]
S

No immunosuppression in most cases;
evaluate for alternative diagnoses;
consider repeat evaluation for CS if
worsening symptoms.

Figure 2. Proposed algorithm for the diagnosis and evaluation of CS.

Although not all scenarios can be fully accounted for, we attempted to include the most frequently encountered scenarios in this algorithm.

In cases in which diagnosis is made with cardiac magnetic resonance imaging (MRI), a cardiac positron emission tomography (PET)—
fluorodeoxyglucose (FDG) study should be considered to guide decision-making for treatment. In general, treatment is initiated in those with
definite, highly probable, and probable cardiac sarcoidosis (CS). For possible/low probability of CS, treatment is not initiated in most cases
although individualized evaluation should be considered. Although unanimous consensus on all elements was not possible, this algorithm
represents the highest level of agreement possible. AV indicates atrioventricular; CCTA, coronary computed tomography angiography; CMR,
cardiac magnetic resonance imaging; CT, computed tomography; ECS, extracardiac sarcoidosis; EF, ejection fraction; EKG, electrocardiogram;
HRS, Heart Rhythm Society; JCS, Japanese Circulation Society; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction;
WASOG, World Association of Sarcoidosis and Other Granulomatous Disorders; and WMA, wall motion abnormality.
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Table 2. Likelihood of CS Based on Clinical, Pathological, and Imaging Criteria

Diagnostic category of cardiac sarcoidosis Criteria

Definite CS

Detection of a noncaseating granuloma on histological examination of myocardial tissue (EMB or other
myocardial specimens) with no alternative cause identified

Uncertain diagnosis

Highly probable CS

Requires all 4 of the following criteria:
Confirmed diagnosis of extracardiac sarcoidosis
Clinical findings consistent with CS*
Imaging finding by CMR or FDG-PET consistent with CS

Other potential causes for the clinical and imaging findings have been excluded

Probable CS

With histological diagnosis of extracardiac sarcoidosis; requires both of the following criteria:
One of the following types of cardiac findings:
Clinical findings consistent with CS*
Imaging finding by CMR or FDG-PET consistent with CS

Other potential causes for the clinical and imaging findings have been excluded

Without histological or clinical diagnosis of extracardiac sarcoidosis; requires all 3 of the following criteria:
Imaging findings by both CMR and FDG-PET consistent with CS
1 or more clinical findings consistent with CS*

Other potential causes for the clinical and imaging findings have been excluded

Possible or low probability of CS

Includes patients with or without a histological or clinical diagnosis of extracardiac sarcoidosis not meeting
criteria for definite, highly probable, or probable CS

CMR indicates cardiac magnetic resonance; CS, cardiac sarcoidosis; EMB, endomyocardial biopsy; FDG, fluorodeoxyglucose; and PET, positron emission tomography.
“Clinical findings consistent with CS may include unexplained left or right ventricular dysfunction, ventricular arrhythmias, or high-grade heart block.

Modified from Ozutemiz et al,*° Orii et al,*> Crouser et al,"” and Yafasova et al.%®

initiated in individuals with clinical manifestations, in-
cluding VA, advanced atrioventricular block, or HF in the
presence of active inflammation. Whether asymptomatic
individuals with cardiac FDG-PET scans consistent with
active inflammation require treatment is unclear. In these
cases of subclinical disease, the decision to initiate immu-
nomodulation therapy should be individualized.

Corticosteroids are currently considered the first-line
treatment for individuals with CS." Corticosteroids can
improve conduction in cases of AVB, but their benefit
specific to other arrhythmias, LV dysfunction, and mor-
tality remains unclear.'268-7° Corticosteroids are initiated
at doses of 30 to 40 mg/d of prednisone equivalent
because there is no demonstrated benefit with higher
starting doses.”"™™ For those with life-threatening
manifestations such as cardiogenic shock, higher ini-
tial corticosteroid doses, including intravenous doses of
methylprednisolone of up to 1000 mg/d, can be pre-
scribed until other causes of acute myocarditis (such as
giant-cell myocarditis) are excluded.

Symptomatic cardiac sarcoidosis can relapse when
corticosteroids are tapered in as high as 75% of individu-
als.™ Several immunosuppressive agents can reduce the
lowest effective corticosteroid dose, including methotrex-
ate, mycophenolate, azathioprine, infliximab, adalimumab,
and rituximab.”™"8 Initial combination therapy of cortico-
steroids with a steroid-sparing agent can be considered
in severe clinical presentations or in individuals intolerant
of moderate to high doses of corticosteroids. Although

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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there is emerging interest in the routine upfront use of
combination corticosteroids with steroid-sparing agents,
data are lacking, and a recent survey of CS experts found
no consensus on the combination approach.’

In a tiered approach to treatment (Figure 3), individu-
als with relapse or ongoing inflammation after corticoste-
roids would receive a second-line agent (methotrexate,
mycophenolate, azathioprine, or leflunomide) in combina-
tion with corticosteroids. If there is evidence of ongoing
inflammation on follow-up FDG-PET, then tumor necrosis
factor-a—targeted therapy with infliximab or adalimumab
can be considered as a third-line agent. Tumor necrosis
factor-a—targeted therapy should be used cautiously in
individuals with HF with reduced ejection fraction and
New York Heart Association class Ill to IV symptoms
because prior trials investigating these agents in HF
suggested potential harm in patients with HF (keeping
in mind that these studies were not specific to individu-
als with CS-related cardiomyopathy).” For this reason,
individuals with CS and cardiomyopathy on these agents
should undergo echocardiographic monitoring and vol-
ume assessment at regular intervals after initiation.

The response to treatment is measured in 2 ways:
(1) improvement or resolution of the clinical presenta-
tion of arrhythmias, heart block, or HF and (2) reduction
in the degree of active granulomatous inflammation in
the myocardium. Although there is no perfect method to
assess the degree of inflammation, cardiac FDG uptake
correlates well with clinical evidence of active CS.80#
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Table 3. Common Immunosuppressive Agents in the Management of CS

Drug

Mechanism of action

Suggested dosing

Toxicities

Considerations

Prednisone

Has multiple mechanisms of
action, including suppression
of TNF-a and downregulation
of multiple components of the
immune system involved in
granuloma formation

30-40 mg orally with
tapering guided by
response

Depression, insomnia, psychosis,
sodium and fluid retention, worsening
HF, impaired wound healing,
hyperglycemia, hypertension,
osteoporosis, myopathy, adrenal
insufficiency, gastritis, and ulceration

Before treatment, assess
cardiovascular risk and optimize when
possible, exclude latent tuberculosis
and update vaccines, determine
fracture risk, screen for psychiatric
iliness, and conduct a baseline eye
examination.

While on treatment, monitor for
hypertension, hyperglycemia,
hyperlipidemia, fluid retention, bone
density, fracture risk, glaucoma, and
cataract formation.

Consider the following for prophylaxis:
histamine-2 blockers or proton pump
inhibitors for gastric protection,
pneumocystis prophylaxis for doses
>20mg daily, and therapy for fracture
risk as indicated.

Pregnancy category: C

High-dose
intravenous
methylprednisolone
(for use in individuals
with life-threatening
manifestations or
rapidly progressive
disease)

Has multiple mechanisms of
action, including suppression
of TNF-a and downregulation
of multiple components of the
immune system involved in
granuloma formation

Fixed dose:
500-1000 mg/d IV for
3-5 d followed by oral
prednisone

Insomnia, psychosis, sodium and fluid
retention, worsening HF, impaired
wound healing, hyperglycemia,
hypertension, myopathy, adrenal
insufficiency, gastritis, and ulceration

While on treatment, monitor for
hypertension, hyperglycemia,
hyperlipidemia, fluid retention, bone
density, fracture risk, glaucoma, and
cataract formation.

Pregnancy category: C

Methotrexate

Inhibits the metabolism of folic
acid in purine and pyrimidine
synthesis

Initiate 5-15 mg
weekly orally or
subcutaneously; titrate
increments every 4

wk to target a dose of
10-20 mg weekly

Hepatotoxicity, myelosuppression,
gastrointestinal intolerance, mucositis,
pneumonitis, and teratogenic
(contraindicated in men and women
3 mo before a planned pregnancy,
during pregnancy, and breastfeeding)

Before treatment, exclude

tubercg osjg;enscgr(een for hepatitis B
and C ‘hd;gg[,lt\é;lgerform baseline
chest\fadiograph, CBC, and LFTs;
monitor serum creatinine; and ensure

vaccines are up to date.

While on treatment, monitor CBC,
LFTs, and serum creatinine every 2—-4
wk for the first 3 mo of treatment,
every 8-12 wk for 3—6 mo of therapy,
and every 12 wk beyond 6 mo.

During treatment, provide folic acid
1-5 mg/d on 5-7 d/wk to minimize
myelosuppression and gastrointestinal
intolerance; consider leucovorin
rescue therapy in toxicity unresponsive
to increase folic acid.

Pregnancy category: X

Azathioprine

As a purine analog, inhibits
purine synthesis necessary for
T- and B-cell proliferation

50-200 mg/d orally

Leukopenia, hepatotoxicity, risk of
infection, and skin cancer

Before initiation, consider thiopurine
level.

While on treatment, monitor CBC
and LFTs every 2—4 wk for the first 3
mo of treatment, every 8—12 wk for
3-6 mo of therapy, and every 12 wk
beyond 6 mo.

Pregnancy category: D

Leflunomide Inhibits cyclooxygenase-2 10-20 mg/d orally Leukopenia, hepatotoxicity, risk While on treatment, monitor CBC and
enzyme; dihydroorotate of infection, skin rash, fatigue, LFTs every 2—-4 wk.
d]:?hy?lrogenel\selxdllnhlbmotr;1 . pneumo;:hs, and peripheral If needed, may require cholestyramine
affecting pyrimidine synthesis neuropathy to remove the drug and its

metabolites in the setting of toxicity.
Pregnancy category: X
(Continued)
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Table 3. Continued

Drug Mechanism of action Suggested dosing Toxicities Considerations

Mycophenolate Inhibits de novo guanosine 1500-3000 mg/d Leukopenia, risk of infection, Limited data from case reports for
nucleotide synthesis and has orally lymphoproliferative disorders, and skin | support in sarcoidosis
a cytostatic effect on T- and cancer

. . Pregnancy category:
B-cell proliferation 9 Yy gory

First trimester: X

Second/third trimester: C

Infliximab TNF-a antagonist 3-5 mg/kg IV initially Worsening of preexisting HF, allergic | Before treatment, exclude latent
and at 2 and 6 wk, reactions, risk of infection, increased tuberculosis; screen for hepatitis B,
then every 4-6 wk risk of malignancy C, and HIV; perform baseline chest

radiograph, CBC, and LFTs; assess
serum creatinine and LVEF; and
ensure vaccines are up to date.

During treatment, monitor CBCs and
LFTs every 1-3 mo, monitor ejection
fraction and signs/symptoms of HF,
and monitor for malignancy.

Consider low-dose
methotrexatetcorticosteroid to limit
the development of anti-TNF-a
antibodies.

Consider avoiding in decompensated
HF or severe LV dysfunction.

If an active infection develops,
consider a temporary hold.

Pregnancy category: C

Adalimumab TNF-a antagonist 80-160 mg SC at wk | Worsening of preexisting HF, allergic | Before treatment, exclude latent
0, 40-80 mg on wk reactions, risk of infection, and tuberculosis; screen for hepatitis B,
1, and 40 mg on wk increased risk of malignancy C, ‘anf',‘ I\; perform baseline chest
2; then 40 mg weekly radiographsCBC, LFTs; assess serum
thereafter creatinine and LVEF; and ensure

vaccines are up to date.

During treatment, monitor CBCs and
LFTs every 1-3 mo, monitor ejection
fraction and signs/symptoms of HF,
and monitor for malignancy.

Consider low-dose
methotrexatetcorticosteroid to
limit the development of anti-TNF-a
antibodies.

Consider avoiding in decompensated
HF or severe LV dysfunction.

If an active infection develops,
consider a temporary hold.

Pregnancy category: B

Rituximab Monoclonal antibody against 500-1000 mg every Transfusion reaction, pancytopenia, Before treatment, exclude latent
CD20 surface antigen of B 1-6 mo opportunistic infection, fatigue, tuberculosis; screen for hepatitis B,
lymphocytes headache, neuropathy C, and HIV; perform baseline chest

radiograph, CBC, and LFTs; monitor
serum creatinine and LVEF; and
ensure vaccines are up to date.

During treatment, monitor CBC
before each dose and weekly to
monthly intervals after.

Follow protocols to minimize infusion-
related reaction.

Pregnancy category: X

CBC indicates complete blood count; HF, heart failure; LFT, liver function test; LV, left ventricular; LVEF, left ventricular ejection fraction; and TNF-a, tumor necrosis
factor-a.

Although the optimal timing and frequency of surveillance  lished, 3- to 6-month intervals are typically used.! If there
FDG-PET scans during active treatment while immuno-  is clinical resolution but persistence of inflammation on
suppression therapy is being adjusted are not well estab- ~ FDG-PET imaging, the decision to continue treatment is
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Active cardiac sarcoidosis

* Ventricular tachyarrhythmias, high-grade
heart block or new bifascicular block, left or
right ventricular dysfunction, and

* Active FDG uptake on cardiac FDG-PET

'

-

Initiate corticosteroids

* Prednisone 30-40 mg/day with taper specific
to patient presentation and comorbidities

* Consider concomitant initial therapy with
one of the following steroid-sparing agents:
methotrexate, mycophenolate, azathioprine,
or leflunomide

[ Reassessment at 3-6 months ]

Treat in cases of active inflammation with symptoms
based on the following stratification (see Figure 2)

* Definite: Should treat

* Highly probable: Should treat

* Probable: Individualized decision-making

Other medical treatment as indicated
including antiarrhythmic therapy,
device placement if appropriate,
standard heart failure management

AND GUIDELINES

(2]
—
—
L
=
=
=
o
-
=T
(]
—
=
(-]

+ Cardiac FDG PET

I In cases of no response,

¢ ¢ evaluate for an alternative
diagnosis and/or false
= " e = ositive PET scan especiall
Decreased or resolved inflammation Unch d or p P 4

if diagnosis of CS was not

9 9
+ Raise prednisone to the lowest previous histologically confirmed

effective dose

* Add a previously unused steroid-sparing
agent: methotrexate, mycophenolate,
azathioprine, or leflunomide

+ Continue prednisone at 10-20 mg/day or
taper prednisone further (if on a steroid
sparing agent or if clinical manifestations
are improved)

If significant drug side
effects or contraindications

to a steroid sparing agent,
¢ start a biologic
Reassessment at 3-6 months R at3-6
» Cardiac FDG PET * Cardiac FDG PET

Minimal residual or
resolved inflammation

* Wean prednisone to 10-20 mg/day
+ Continue steroid sparing agent

v v v

Unchanged or
worsening -
inflammation

Decreased but residual

inflammation

* Individualize decision-making
for immunosuppression based

Resolved inflammation

* Taper immunosuppression
to off after 12 months of
treatment from time of

Unchanged or

worsening inflammation

* Raise prednisone to the lowest
previous effective dose

initiation on clinical picture (eg change « Add a biologic agent
* Additional decision-making in arrhythmia burden or cardiac ¢ (infliximab or adalimumab)
for monitoring of active CS function) * Additional decision-making for
should be guided by clinical * Additional decision-making for Reassessment at 6 months weaning immunosuppression
course monitoring of active CS should + Cardiac FDG PET should be guided by clinical
course

be guided by clinical course

| A

Unchangedor | !
worsening inflammation

Resolved inflammation

+ Wean prednisone to off

+ Continue steroid sparing agent

* Additional decision-making for
weaning immunosuppression
should be guided by clinical
course

Figure 3. Proposed tiered approach to medical treatment of CS.

Although not all treatment scenarios can be fully accounted for, we attempted to include the most frequently encountered scenarios in this
algorithm. Unanimous consensus on all elements was not possible; however, this algorithm represents the highest level of agreement possible. CS
indicates cardiac sarcoidosis; FDG, fluorodeoxyglucose; and PET, positron emission tomography.
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individualized on the basis of multiple factors, including
the severity of previous manifestations of CS, the risk
of a poor outcome should an adverse event occur, the
risk of ongoing or increased use of immunomodulatory
agents, and the extent of the FDG-PET scan abnormali-
ties. Once patients are well controlled on minimally tol-
erated immunosuppression dosing, various approaches
to surveillance for disease recurrence can be pursued,
including cardiac rhythm monitoring, echocardiography,
and FDG-PET.

Management of Cardiomyopathy

Management of sarcoidosis-related cardiomyopathy
requires a tailored approach based on the specific HF

e12 TBD TBD, 2024

pathophysiological phenotype. These include LV sys-
tolic dysfunction, predominant RV systolic dysfunction,
or HF with preserved LVEF, which can result in restric-
tive physiology in advanced cases of reduced ventricular
compliance.

Although HF guideline-directed medical therapy has
not been prospectively studied in individuals with CS
cardiomyopathy, the benefits of these medications are
extrapolated from existing studies in individuals with
HF82 These agents include B-blockers, renin-angiotensin
blockade including angiotensin receptor neprilysin inhibi-
tion, mineralocorticoid receptor antagonists, and sodium-
glucose cotransporter-2 inhibitors for managing LV
dysfunction. For individuals with HF with preserved LVEF,
sodium-glucose cotransporter-2 inhibitors can be used.

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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Diuretics should be used for symptomatic management
of volume overload.

When there is concern for acute inflammation, as in myo-
carditis, exercise restrictions are recommended by some
according to established consensus recommendations.®®

Advanced HF Therapies

Despite immunosuppression and HF guideline-directed
medical therapy, some individuals will develop progressive
HF from CS.'"8* Advanced HF therapies such as durable
mechanical circulatory support or heart transplantation
may be considered®8¢ There are several sarcoidosis-
specific considerations when individuals with CS are evalu-
ated for advanced HF therapies.?” First, individuals should
be evaluated for the degree of extracardiac sarcoidosis
organ involvement that may affect posttransplantation sur-
vival, quality of life, and rehabilitation efforts. Second, indi-
viduals may have preexisting immunosuppression-related
end-organ complications such as diabetes, risk for peri-
operative adrenal insufficiency, and poor wound healing.

For those in whom an LV assist device (LVAD) is con-
sidered, the degree of RV involvement, arrhythmic risk,
and infection risk of immunosuppression should be eval-
uated. For example, predominant RV failure, restrictive
cardiomyopathy, or high VA burden may be less amena-
ble to durable LVAD therapy and warrant specific bridge-
to-transplantation strategies that include biventricular
mechanical support.®®

Compared with other cardiomyopathies, individuals
undergoing heart transplantation for CS have similar or
better outcomes according to United Network for Organ
Sharing registry analyses.?%®° Limited data exist on the
long-term outcomes of mechanical circulatory support in
individuals with CS.#6°° |t should be noted that despite
increasing awareness and diagnosis of CS, the diagnosis
of sarcoidosis frequently is unrecognized until examina-
tion of native heart tissue at the time of LVAD or trans-
plantation,®®2? with clinical misclassification in up to 66%
of individuals (most often as dilated cardiomyopathy).®®

Posttransplantation or post-LVAD management
includes ongoing immunosuppression therapy and moni-
toring for systemic sarcoidosis. Limited survey expe-
rience indicates that most programs maintain heart
transplant recipients with explantation-confirmed sarcoid
cardiomyopathy on prednisone to mitigate the risk of
CS recurrence in the allograft.®*® Continued collabora-
tion between the multispecialty sarcoidosis team and the
advanced HF team is necessary for individuals with CS
who undergo heart transplantation or LVAD support.

Arrhythmia Considerations

Arrhythmic manifestations of CS are caused by granu-
loma formation that results in conduction system ab-
normalities, atrial arrhythmias, or VA, depending on the

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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anatomic localization, the extent of involvement, and the
inflammatory stage.®5

Conduction System Abnormalities
Conduction system abnormalities are common in CS.
At diagnosis, 26% to 43% of individuals have a right
bundle-branch block on ECG, and a high proportion of
patients with clinically isolated CS present with symp-
tomatic high-grade or complete heart block.'? An autop-
sy study of individuals who died suddenly of CS showed
sarcoidosis lesions in the intraventricular septum in 32%,
supporting the underlying pathophysiology often evident
on MRI or FDG-PET imaging.®® A study of individuals
18 to 60 years of age presenting with complete heart
block showed that 34% had undiagnosed CS, indicating
that unexplained heart block in young individuals should
prompt evaluation for CS.'® [t is important to note that
individuals with heart block caused by CS have an un-
usually high risk of VA, heart transplantation, or cardiac
death.'® This increased risk of VA and sudden death un-
derlies the Class lla expert consensus recommendation
for implantable cardioverter defibrillator (ICD) implanta-
tion in individuals with an indication for pacing therapy.*®
Recovery of conduction is variable and observed in
24% to 100% of individuals with CS, likely related to
whether heart block is due to inflammation or fibrosis.'
Because reversibility is unreliablg Jeafdidvascular implant-
able electronic device implantat\i‘on is recommended for
individuals with guideline-based pacing indications,'®?
even if heart block resolves.*®

Atrial Arrhythmias

Atrial fibrillation had a reported prevalence of 32% in
1 single-center study of individuals with CS.'931%% Atrial
fibrillation is more common in individuals with CS who
have atrial tracer uptake on FDG-PET scan'® or myo-
cardial LGE on CMR (although none of these atrial find-
ings are specific to sarcoidosis). Limited data suggest
that immunosuppression may reduce the burden of atrial
arrhythmias.’®* Anticoagulation and arrhythmia manage-
ment are the same for individuals without CS, and atrial
fibrillation ablation appears to be of similar efficacy in
individuals with and those without CS.'%¢

Ventricular Arrhythmia

Ventricular tachycardia and fibrillation are among the
most feared complications of CS and may be the pri-
mary presentation.’”” The underlying mechanism of VA
in CS can be autonomic, triggered, or reentry, depending
on the inflammatory to fibrotic phase of granulomatous
infiltration, and the variability in mechanisms mandates
a comprehensive approach to therapy comprising im-
munosuppression, antiarrhythmic medications, and ab-
lation.*® Antiarrhythmic medications are commonly used
in conjunction with immunosuppression or alone when
evidence of inflammation is absent.'®®
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In individuals with CS and ventricular tachycardia (VT),
ablation studies demonstrate the complex myocardial
substrate, even without active inflammation, which can
involve the Purkinje system, both ventricles, and intra-
mural or epicardial locations.''% |n a multicenter study
of VT ablation in CS, complete procedural success was
achieved in 54% and elimination of VT storm in 82%.'%°
ICD shocks were reduced from a median of 2 to O
shocks 30 days after ablation, and antiarrhythmic drug
requirements were significantly reduced. However, 46%
experienced VT recurrence in 1 to 5 years of follow-up,
indicating the challenging arrhythmia substrate and pro-
gressive nature of the disease. In select patients, cardiac
sympathetic denervation can be considered for refractory
VAs."? If refractory VAs persist after all interventions are
exhausted, heart transplantation should be considered.

Cardiac Implantable Electronic Device Therapy for
Sudden Cardiac Death
It is important to note that risk stratification for sudden
cardiac death is nuanced, and risk may evolve in unpre-
dictable patterns. Potential risk factors include syncope,
heart block, myocardial scarring on PET or cardiac MR,
and inducible sustained VA at electrophysiology study.™
Although patients with LVEF <35% should be consid-
ered for ICD implantation, patients with mildly or moder-
ately reduced and even normal LVEF can be at increased
risk.8%1"2 LGE on MRl is a risk factor for VT and death
and is an independent predictor separate from LVEF In
a large study of 205 patients, the rate of VT or death per
year was 20-fold higher in patients with LGE compared
with those without LGE (4.9% versus 0.2%).2° An evalu-
ation of the performance of guideline recommendations
for ICD implantation showed a high annualized event
rate for heart block (19.4%) and >b.7% LGE (12%)."'®
Although abnormal PET findings are associated with an
increased risk of VA and death, offering prognostic in-
formation beyond LVEF, the optimal index for use is still
undetermined®" A systematic review of electrophysiol-
ogy study in CS revealed a pooled sensitivity of 0.70
and specificity of 0.93 for predicting adverse clinical
outcomes, including subgroup analysis of patients with
LVEF >350%."®

In 2014, the HRS proposed recommendations for risk
stratification and ICD implantation in patients with CS,
which have been widely used*® (Figure 4). In the “2017
AHA [American Heart Association]/ACC [American Col-
lege of Cardiology]/HRS Guideline for Management of
Patients With Ventricular Arrhythmias and the Prevention
of Sudden Cardiac Death,” ICD implantation in CS has a
standard Class | recommendation for secondary preven-
tion (individuals who have sustained VT or cardiac arrest)
and a Class | recommendation for primary prevention
of sudden cardiac death in individuals who have LVEF
<36%.""" Additional Class lla recommendations include
individuals with CS and LVEF of 36% to 49% or RV ejec-
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tion fraction <40%, syncope or myocardial scar on MRI®°
or FDG-PET?" indication for permanent pacing,'”® or
inducible sustained VT at electrophysiology study.'"!"®

Multidisciplinary Care of the Patient With CS

The multisystem involvement of sarcoidosis warrants
a multidisciplinary team approach for accurate diagno-
sis, treatment, and comprehensive care.'’®""'® Chronic,
refractory, severe, and life-threatening cases of CS, par-
ticularly in individuals with cardiac, pulmonary, and neuro-
logical manifestations, carry high morbidity and mortality.
These individuals should be referred to a subspecialist or
subspecialty center for comprehensive management.'®
Indications for specialty referral include (1) diagnostic
uncertainty, (2) the need for second- or third-line im-
munosuppression agents for refractory disease, and (3)
severe cardiac manifestations such as recurrent VT or
end-stage HF.

The multidisciplinary team may comprise an advanced
HF cardiologist, electrophysiologist, advanced cardiac
imager, pulmonologist, rheumatologist, and other extra-
cardiac organ—specific specialists such as a neurolo-
gist or ophthalmologist, as well as advanced practice
professionals, including nurse practitioners, and phar-
macists.'"*'* Pulmonologists arerintegral because lung
involvement is observed in >90?@oﬁg}ﬁf;ﬂyiduals with sar-
coidosis.””" Rheumatologists and other extrapulmonary
organ—specific medical specialists provide expertise in
diagnosis and therapies®'?" Pharmacists help mitigate
polypharmacy-and manage drug-interactions and side
effects.”?’ Nurse practitioners may assist in managing
chronic disease manifestations.®”'"® Social workers can
assist with managing caregiver burden attributable to the
chronic nature of CS. In cases of refractory CS requir-
ing advanced HF therapies, input from cardiac surgery
experts is important.

FUTURE DIRECTIONS

There are significant unmet needs in the optimal diagnos-
tic and management strategies in sarcoidosis. Although
several diagnostic algorithms exist, accurate noninvasive
diagnosis is not yet established. Whether emerging mul-
timodality imaging and radiomic techniques combined
with clinical and laboratory testing will improve specificity
for distinguishing CS from other conditions and measur-
ing CS activity remains to be seen. There is also a dearth
of high-quality evidence supporting immunomodulation
strategies in CS. Unanswered questions include tim-
ing, choice, and duration of therapy; the role of first-line
monotherapy compared with combination therapy; and
the optimal sequencing of immunosuppression for cases
of persistent inflammation. We need higher-quality evi-
dence to guide the use of these therapies, which may
be expensive and have potential for harmful side effects.

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240
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One (or both) are present:

2) The LVEF is <35% despite optimal medical therapy and a period of
immunosuppression (if there is active inflammation)

1) Spontaneous sustained ventricular arrhythmias, including prior cardiac arrest; Yes

ICD is recommended

No
L
One (or multiple) are present:
1) An indication for permanent pacemaker implantation;
2) Unexplained syncope or near-syncope, felt to be arrhythmic in etiology;
3) Inducible ventricular arrhythmias (>30 seconds of monomorphic VT or
clinically relevant polymorphic VT/ventricular fibrillation)

No

h 4

therapy and a period of immunosuppression, if appropriate

stratification of these patients)

No

h
CMR may be considered

v v
No late gadolinium enhancement

LVEF 36-49% or RV ejection fraction <40% (or both), despite optimal medical

(CMR +/- an electrophysiological study may be considered to help with risk

Late gadolinium enhancement

Yes
" ICD can be useful
Yes
"1 ICD may be considered
Class |
Class lla
Class llb

h 4

considered

An electrophysiologic study may be

L 2  J

Negative | ‘

Positive >

ICD can be useful

Figure 4. Risk stratification and recommendations for ICD implantation in individuals with cardiac sarcoidosis.

RV indicates right ventricle; and VT, ventricular tachycardia. *Note that the “2017 AHA/ACC/HRS [American Heart Association/American
College of Cardiology/Heart Rhythm Society] Guideline for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden
Cardiac Death”'"" used a slightly different algorithm. Specifically, in individuals with left ventricular ejection fraction (LVEF) >85% who have
syncope or evidence of myocardial scar by cardiac magnetic resonance (CMR) imaging or fluorodeoxyglucose—positron emission tomography or
have an indication for permanent pacing, implantation of an implantable cardioverter defibrillator (ICD) is a Class lla recommendation. In addition,
an electrophysiological study in individuals with LVEF >35% is reasonable for additional risk stratification (Class lla). Adapted with permission

from Birnie et al.*® Copyright © 2023 Elsevier.

Furthermore, it remains unclear whether we should treat
cases of asymptomatic cardiac involvement manifest with
myocardial inflammation but no clinically relevant cardiac
dysfunction or arrhythmias. Future advancements in CS
treatment should include targeted, biologically plausible
therapies. Multi-institutional collaborations are needed to
address these gaps in knowledge.

CONCLUSIONS

The increasing recognition of CS provides the opportu-
nity to initiate effective therapies and perform systematic
case ascertainment. A high index of clinical suspicion is
paramount to identify a unifying diagnosis rather than
only addressing clinical manifestations of HF or arrhyth-
mias. From a clinician's perspective, ongoing educational
efforts are essential to increase awareness. Multidisci-

Circulation. 2024;149:e00—e00. DOI: 10.1161/CIR.0000000000001240

plinary collaboration is necessary to ensure accurate di-
agnosis and provide the best care possible for individuals
with CS. Because of the many gaps in knowledge that
persist with CS, randomized clinical trials should be pur-
sued to address whom and when we should treat and
which treatment strategy is preferred and to better un-
derstand the optimal duration of treatment.
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