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Abstract

Purpose of Review Sarcoidosis is a systemic inflammatory disorder affecting multiple organ systems, with heterogenous clini-
cal sequelae. Cardiac sarcoidosis (CS) is an underrecognized manifestation with significant clinical implications. Advances
in cardiac imaging and new therapeutic options are rapidly changing the clinical approach to CS.

Recent Findings Cardiac magnetic resonance imaging (CMR), '®Fluorodeoxyglucose positron emission tomography (FDG-
PET), and hybrid CMR/FDG-PET imaging have emerged as powerful diagnostic and prognostic tools for CS and provide
a means to monitor disease activity. Therapeutic options are similarly changing, with steroid-sparing agents and biologic
therapy showing clinical promise, though ongoing clinical trials will potentially provide necessary evidence to definitively
guide treatment.

Summary In this review, we critically evaluate a variety of diagnostic and therapeutic options for CS. Additionally, we
propose algorithms for the diagnostic evaluation and treatment of CS, which incorporate current guidelines as well as recent

advances in CS.

Keywords Cardiac sarcoidosis - Sarcoidosis - Cardiac MRI - FDG-PET - Immunosuppression

Introduction

Sarcoidosis is a systemic disease characterized by non-
necrotizing granulomatous inflammation in a variety of
organ systems. While a definitive etiology of sarcoidosis has
not been identified, there is robust evidence supporting the
combination of multiple genetic and environmental triggers
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leading to a dysregulated immune response [1-3]. Worldwide
prevalence of sarcoidosis varies by region, ethnicity, and gen-
der. In the USA, prevalence is 5-60 per 100,000 individu-
als, with a nearly threefold higher annual incidence among
African American women [4—6]. Pulmonary involvement is
common, occurring in 90% of those affected by sarcoidosis;
however, organ involvement and clinical presentation is het-
erogenous [7].

Cardiac sarcoidosis (CS) is of particular significance due
to its high morbidity and mortality, commonly believed to
account for 25-85% of sarcoidosis-related deaths [8]. When
present, symptoms include palpitations, syncope, symp-
toms of heart failure (HF), and sudden cardiac death [9].
Importantly, ventricular tachyarrhythmias or sudden cardiac
death (SCD) may be the initial manifestation of CS [10].
The clinical manifestations of CS are best categorized by
three primary disease sequalae: conduction abnormalities,
arrhythmias, and HF [11ee].

Cardiac symptoms are present in an estimated 5% of indi-
viduals with sarcoidosis; however, autopsy studies identified
CS in 25-45% of individuals, suggesting cardiac involve-
ment is significantly under-recognized [12, 13]. Addition-
ally, there may be regional or racial variability, as Japanese
studies report a much higher incidence of CS at 58-68% [14,
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15]. Finally, isolated cardiac sarcoidosis (ICS) may occur
in the absence of extracardiac disease and accounts for an
estimated 27-54% of CS cases, though true prevalence is
unknown owing to specific challenges related to diagnosis
of ICS [16].

The first diagnostic criteria for CS were published in 1993
by the Japanese Ministry of Health and Welfare JMHW),
with updates in 2007 and 2016 by the Japanese Circula-
tion Society (JCS). In JCS guidelines, CS may be diagnosed
histologically based on presence of non-necrotizing granu-
lomatous inflammation on endomyocardial biopsy (EMB) or
by meeting a variety of major and minor criteria for clinical
diagnosis in the absence of EMB [17ee]. Additionally, the
World Association of Sarcoidosis and Other Granuloma-
tous Diseases (WASOG) provided an organ assessment tool
to determine the likelihood of CS [18]. Finally, the Heart
Rhythm Society (HRS) published diagnostic criteria for CS
in 2014 aligned with the WASOG organ assessment tool,
which provides diagnostic pathways for CS similar to JCS
based on (1) EMB or (2) clinical criteria in the setting of
known extracardiac disease [11ee].

This review will be organized into two parts: we will first
review diagnostic modalities used to evaluate CS, followed
by a review of therapeutic options. In both sections, we will
focus on recent literature and advancements in the field,
though it should be highlighted there is limited evidence-
based literature on this topic. Finally, we will discuss our
approach to diagnosis and management of CS in addition
to proposing algorithms based on current evidence as well
as clinical experience from managing individuals with sar-
coidosis at our quaternary care academic medical center.

Diagnostic Evaluation of Cardiac Sarcoidosis

Diagnostic modalities for CS include electrocardiography
(EKGQG), transthoracic echocardiography (TTE), serum bio-
markers, ambulatory rhythm monitoring (ARM), cardiac
MRI (CMR), '®Fluorodeoxyglucose Positron Emission
Tomography (FDG-PET), hybrid CMR/PET, and endo-
myocardial biopsy (EMB). In this section, we will review
the clinical utility, diagnostic accuracy, and characteris-
tic findings of CS with a focus on CMR, FDG-PET, and
hybrid imaging.

Electrocardiography

EKG findings in CS are non-specific and include abnormal
Q waves, ST changes, atrioventricular (AV) blocks (type I,
II or IIT), bundle branch blocks, axis deviation, or ventricular
arrhythmias [17ee]. Prospective studies have suggested new
EKG abnormalities occur prior to onset of symptomatic CS
[19]. With this in mind, American Thoracic Society (ATS)

and HRS guidelines recommend obtaining an initial screen-
ing EKG in all individuals with extra-cardiac sarcoidosis
[11ee, 20]. Notably, no clear recommendations are made for
or against serial EKG screening if initial EKG is normal, a
question worthy of further research. Importantly, the absence
of pathologic EKG findings does not exclude the presence
of CS [21].

Transthoracic Echocardiography

TTE findings can include reduction in left ventricular ejec-
tion fraction (LVEF), LV dilation, diastolic dysfunction,
right ventricular (RV) dysfunction, pericardial effusion, or
valvular disorders. Wall motion abnormalities may be pre-
sent in a non-coronary distribution [22]. TTE lacks sensitiv-
ity, limiting its diagnostic role in CS, though is considered a
useful adjunct to screen for CS in all individuals with extra-
cardiac disease per HRS guidelines, and in select individuals
with EKG abnormalities or idiopathic arrhythmias per JCS
[17ee, 23]. LV function is often described in terms of EF
which is a volumetric assessment based on changes in lon-
gitudinal, circumferential, and radial length measurements.
Strain imaging assesses each component separately and can
therefore detect subtle deformities indicative of early LV
dysfunction. Echocardiography with strain imaging may fur-
ther improve diagnostic sensitivity and better predict adverse
cardiac outcomes [24, 25]. Similar to an EKG, a TTE alone
remains insufficient to detect CS and has potential to under-
diagnose cardiac involvement [21].

Serum Biomarkers

No single biomarker is sensitive for diagnosis of CS. High-
sensitivity cardiac troponin (hs-CT), N-terminal pro brain
natriuretic peptide (NT-pro BNP), erythrocyte sedimentation
rate (ESR), and C-reactive peptide (CRP) may be elevated in
active disease, though are nonspecific [23, 26, 27]. Angio-
tensin converting enzyme (ACE) and soluble interleukin-2
receptor (sIL-2R) levels are variable in CS [26, 28]. Few
studies show ACE levels correlate with the presence of late
gadolinium enhancement (LGE) on CMR, and elevated
sIL-2R levels predict adverse cardiac outcomes [29, 30].
A definitive role of serum biomarkers for screening and/or
diagnosis of CS remains uncertain.

Ambulatory Rhythm Monitoring

ARM is a readily available diagnostic tool to monitor
for arrhythmias.

Abnormalities on ARM may include supraventricular
tachycardia, premature ventricular contractions, atrioven-
tricular block, and ventricular tachycardia [31]. In a study of
126 patients with extracardiac sarcoidosis, abnormal ARM
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was more predictive for positive imaging findings on CMR or
FDG-PET compared to EKG or TTE [32, 33]. ARM may also
have utility in assessing response to therapy; however, the
precise role of ARM is not well defined in guidelines [34].

Cardiac Magnetic Resonance Imaging

CMR with gadolinium can detect subtle myocardial abnor-
malities and provide information on ventricular function and
morphology [35]. Gadolinium has delayed clearance from
areas of active inflammation or fibrosis. The presence of
LGE, especially patchy LGE in a non-coronary distribution,
is suggestive of CS in the appropriate clinical setting [36].

The sensitivity of CMR in detecting CS has been reported
between 91 and 95%, superior to other modalities, includ-
ing FDG-PET [37ee, 38—40]. In a cohort of 300 individuals
with biopsy-proven extracardiac sarcoidosis, CMR detected
cardiac involvement in 9% of individuals who had no cardiac
symptoms and a normal baseline EKG [41]. CMR has an
excellent negative predictive value, making it useful in early
evaluation of patients with suspected CS [42].The prognostic
value of CMR has been validated by multiple studies which
have identified an association between the presence of LGE
and adverse cardiovascular events, including all-cause mor-
tality and arrhythmias [39, 43-45].

CMR does have limitations. Most importantly, while the
presence of LGE is specific for identifying affected myo-
cardium in CS, it does not discern active from inactive or
fibrotic disease [36]. The addition of T1 and T2 weighted
images can mitigate this limitation and improve detection of
active disease. T2 mapping detects myocardial edema which
may be more representative of active inflammation [46, 47].
Finally, there are absolute and relative contraindications to
CMR including renal dysfunction, allergy to gadolinium
contrast, presence of non-MRI compatible devices, and
claustrophobia [48].

"8Fluorodeoxyglucose Positron Emission Tomography

FDG-PET to evaluate for CS utilizes radionuclide-labeled
glucose in combination with myocardial perfusion imag-
ing. Inflammatory cells, including macrophages and
CD4 + T-lymphocytes present in granulomas, readily
take up the glucose analog and appear bright on the PET
images [49]. The combination of FDG and perfusion imag-
ing is useful in differentiating between metabolically active
myocardium versus inactive CS or fibrotic scar from prior
infarct. A pattern of focal FDG uptake with or without per-
fusion defects suggests active inflammation, while a perfu-
sion defect without associated FDG uptake is indicative of
fibrotic scar [50, 51].

The sensitivity of FDG-PET for diagnosis of CS is
reported between 84 and 89%, while specificity is 78 and
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83%, comparable to CMR [38, 52, 53]. One key advan-
tage of FDG-PET is the detection of active inflammation,
which is paramount in treatment decisions; for instance,
abnormalities seen on CMR may be further delineated as
active myocardial inflammation (FDG-PET positive) or
chronic fibrosis or scar (FDG-PET negative) [50]. Hence,
CMR and FDG-PET are frequently used in tandem with
one another. FDG-PET also has a role in risk stratifica-
tion; specific uptake patterns, including the right ventricle
and basal anterolateral left ventricle, may be predictive of
adverse outcomes [54]. Additionally, several observational
studies note utility in serial FDG-PET for monitoring dis-
ease activity and titration of immunosuppression, though
data surrounding this practice is limited [55-57].
Individuals must adhere to a strict, high-fat and carbo-
hydrate-restricted diet prior to FDG-PET in order to sup-
press native myocardial FDG uptake [51]. This limitation
has been overcome to some extent with highly structured
protocols [58], though FDG-PET remains non-diagnostic in
up to 15% of individuals [59]. Initial and serial FDG-PET
exams increase exposure to ionizing radiation [60]. Finally,
a post-transplant study found a high false-positive rate of
FDG-PET where only 33% of probable CS cases identified
by FDG-PET were confirmed on histologic analysis [61].

Hybrid CMR and FDG-PET

Hybrid CMR/PET has recently emerged as an imaging strat-
egy to diagnose and stratify CS, with the potential advantage
of recognizing myocardial abnormalities and differentiat-
ing active from chronic disease simultaneously [62]. This
advanced imaging modality appears to be highly sensitive
for diagnosis of CS, has a strong prognostic role, and is
superior to either CMR or FDG-PET alone in predicting
adverse cardiac events [63].

In a prospective study of 43 individuals with biopsy-
proven extracardiac sarcoidosis, the use of hybrid CMR/PET
detected active CS in 36% of individuals and fibrotic CS in
14% [37ee]. Additionally, hybrid imaging improves inter-
pretation of potential false-positive FDG-PET results; the
finding of negative CMR with positive FDG-PET, especially
when FDG uptake is diffuse rather than focal, may be more
indicative of inadequate suppression of myocardial glucose
uptake [62]. Additionally, the inclusion of T2 images may
improve sensitivity of FDG-PET in identifying earlier stages
of disease [64].

Potential cost and availability of advanced imaging lim-
its routine use of hybrid CMR/PET. A retrospective, obser-
vational study demonstrates potential cost-effectiveness
of hybrid imaging with lower lifetime cost. Notably, the
reference standard for cost analysis was CMR followed by
FDG-PET, which is currently not consistent with most major
guidelines [65].
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Fig. 1 Diagnostic Algorithm for Cardiac Sarcoidosis (CS)

Endomyocardial Biopsy

EMB demonstrating non-necrotizing granulomas is the gold
standard for diagnosis of CS; however, diagnostic yield is
estimated at 25% due to the patchy distribution of granulo-
mas in CS [63]. Using electrogram-guided EMB or preproc-
edural CMR/PET to direct biopsy increases diagnostic yield
to 41% [66]. EMB has an associated procedural risk ranging
from 0.6 to 0.8% [67]. The limitations of EMB are reflected
in changes in major society guidelines which have more
recently emphasized the diagnostic utility of non-invasive
advanced cardiac imaging [11ee, 63].

Our Diagnostic Approach to CS

Our approach to evaluating for the presence of CS incorporates
recommendations from ATS, HRS, and JCS guidelines and is
summarized in Fig. 1. Individuals undergoing evaluation for CS
are categorized into one of three groups: (1) presence of ext-
racardiac sarcoidosis without high clinical suspicion, (2) pres-
ence of extracardiac sarcoidosis with high clinical suspicion,
and (3) absence of extracardiac sarcoidosis but high clinical
suspicion for CS. High clinical suspicion for CS in individuals
with extracardiac sarcoidosis includes the presence of palpita-
tions lasting >?2 weeks, unexplained syncope or pre-syncope,
unexplained life-threatening cardiac arrhythmia, and/or abnor-
mal screening EKG or TTE. Individuals with extra-cardiac sar-
coidosis without high clinical suspicion for CS undergo screen-
ing EKG and TTE. If these studies are normal, then routine
clinical follow-up is suggested. The development of high-risk
symptoms and/or new abnormalities on EKG should prompt
further evaluation with CMR. Admittedly, this approach risks
missing subclinical CS [21]; however, there is not sufficient
evidence to recommend advanced imaging modalities for all

individuals with extra-cardiac sarcoidosis, and it remains uncer-
tain if subclinical disease warrants therapy [11ee]. Individu-
als with extracardiac sarcoidosis with high clinical suspicion
for CS are evaluated with CMR and FDG-PET. Twenty-four-
hour ARM for 5 to 7 days is also obtained if there is clinical
suspicion for arrhythmia. The utility of obtaining both CMR
and FDG-PET enables identification and characterization of
CS (active inflammatory CS versus inactive fibrotic CS) and
provides baseline imaging to guide therapy. If both CMR and
FDG-PET are negative, an alternative diagnosis should be con-
sidered. EMB may be pursued in select patients, though there
is limited data regarding the utility of EMB in patients with
negative findings on advanced imaging modalities. Individu-
als without extra-cardiac sarcoidosis are considered high risk
for ICS if they have cardiac symptoms of unclear etiology and
are aged < 60 with unexplained 2nd or 3rd degree AV block or
ventricular arrhythmias. In these individuals, screening with
EKG and TTE should be obtained, and if abnormalities are
noted on both studies, advanced imaging including both CMR
and FDG-PET should be pursued, as well as 24-h ARM for 5
to 7 days if there is suspicion for arrhythmia. We commonly
obtain whole-body PET to evaluate for potential extracardiac
disease and other sites amenable to biopsy, though admittedly,
this practice is not specifically addressed by most guidelines.
Positive results on CMR and FDG-PET would fulfill JCS cri-
teria for diagnosis of ICS [17ee].

Management of Cardiac Sarcoidosis
Treatment of CS is focused on reducing myocardial inflam-
mation and subsequent development of fibrotic scar and

arrhythmia. Corticosteroids have long been the cornerstone
of therapy; however, use of steroid-sparing agents and/or
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biologic therapy is increasingly recognized. Additionally,
antiarrhythmics, device therapy, and optimization of HF
are imperative to CS management [68]. In this section, we
will review indications for therapy, treatment options, and
follow-up evaluation. We will highlight various immunosup-
pressive therapies (ISTs) and discuss treatment approach in
the context of the main clinical sequalae of CS: conduction
abnormalities, arrhythmias, and HF. Finally, a proposed
therapeutic algorithm will be presented.

Indications for IST in CS

The decision to initiate IST is individualized based on
the clinical context. HRS guidelines suggest use of IST
in individuals with evidence of active disease on FDG-
PET or in individuals with high-risk features including
high-degree AV block, frequent ventricular ectopy, and
non-sustained or sustained ventricular arrhythmias [11ee].
JCS guidelines suggest initiating IST in the presence of
high-degree AV block, ventricular arrhythmias, or cardiac
dysfunction [17ee].

IST Usein CS

IST targets active inflammation in CS [17ee]. A systematic
meta-analysis of 34 studies demonstrated that IST, in most
cases corticosteroids, is likely beneficial in treatment of con-
duction abnormalities or impaired left ventricular function;
however, IST did not appear to reduce ventricular arrhythmias
or overall mortality [69]. A separate meta-analysis corrobo-
rated the finding that IST improves conduction abnormali-
ties and left ventricular function, though also found benefit in
treatment of ventricular arrhythmias [70]. Obtaining an FDG-
PET prior to treatment may help identify which individuals
are more appropriate for IST [71].

Initial treatment regimens historically include high-
dose prednisone and other corticosteroid equivalents up
to 60 mg/day. More recently, a lower initial dose of pred-
nisone (30 mg/day) showed similar outcomes with decreased
adverse effects attributed to high-dose prednisone [72]. JCS
guidelines suggest an initial induction phase of 4 weeks, fol-
lowed by a slow taper of 5 mg every 2—4 weeks to a final
maintenance dose of 5-10 mg prednisone/day [17ee].

Duration of maintenance therapy is not well described,
though commonly continued for a minimum of 12 months.
Serial assessment with FDG-PET may be useful in guiding
therapy [56]. In a study of 34 individuals with CS, serial FDG-
PET led to treatment changes in 73% of individuals and was
instrumental in weaning prednisone. At the end of an average
2.3-year follow-up, 48% of individuals were off steroids and
20% were weaned to a maintenance dose of 5-10 mg/day [55].
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Steroid-sparing agents including methotrexate, mycophe-
nolate, azathioprine, and cyclophosphamide are frequently
incorporated in the management of CS in order to limit or
eliminate corticosteroid use and associated adverse effects
[73, 74]. Methotrexate is the recommended second-line
agent in JCS guidelines and may be considered in addition
to corticosteroids or as monotherapy [17ee]. In a retrospec-
tive cohort study of 61 treatment-naive individuals with
CS, initial therapy with either prednisone, prednisone plus
methotrexate, or methotrexate monotherapy all resulted in
improvement in metabolic activity on FDG-PET and had no
significant differences in adverse cardiovascular events or
LV function [75ee]. A smaller trial suggests superiority of
combination corticosteroids plus methotrexate compared to
corticosteroids alone for stabilization of LV function, though
more robust comparative data is lacking [76]. The Cardiac
Sarcoidosis Multi-Center Randomized Controlled Trial
(CHASM CS-RCT) is an ongoing multicenter prospective
randomized control trial comparing initial treatment regi-
men of prednisone with prednisone plus methotrexate and
should provide valuable evidence for initial IST selection in
individuals with CS [77ee].

Biologic drugs, specifically the tumor necrosis factor-
alpha (TNF-a) inhibitors infliximab and adalimumab, are
frequently used for refractory CS [74]. In 2016, the Ameri-
can Heart Association recommended against use of TNF-o
inhibitors in individuals with moderate to severe HF, a rec-
ommendation based on earlier data associating TNF-o inhib-
itor use with increased adverse outcomes, hospitalizations,
worsening HF, and death in individuals who had preexist-
ing HF; however, the evidence was inconsistent, and most
individuals had ischemic cardiomyopathy [78]. More recent
evidence supports the role of TNF-a and demonstrates good
safety profile of these agents when used for treatment of
individuals with CS, including those with underlying HF
[79-81]. Lending further support to their use, all partici-
pants in a large cohort of 77 individuals with CS treated
with TNF-a inhibitors had clinical improvement, without
any reported cases of worsening HF [82ee].

Rituximab, a chimeric monoclonal antibody against the
protein CD20, has also been used for refractory disease,
though evidence for its use is limited to case reports and
small retrospective cohort studies [83, 84]. In a study of 5
CS individuals treated with rituximab, all had improvement
in FDG-PET findings, and 3 patients (60%) demonstrated
improvement in LV function [84].

Treatment of Conduction Abnormalities
AV block, sinus node dysfunction, and bundle branch

blocks are common early findings in CS. AV block is related
to granuloma formation or fibrosis along the conduction
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system, often in the basal septum [85]. Conduction abnor-
malities may be responsive to IST, and guidelines recom-
mend IST for 2nd or 3rd degree heart block in addition
to device implantation if there is an indication for pacing
[11ee, 86]. However, a study of 53 CS individuals with
high-degree AV block found half of individuals developed
fatal cardiac arrhythmias (sustained ventricular tachycar-
dia (VT) or SCD) within a 3-year follow-up period regard-
less of receiving IST or the presence of concomitant HF
[87]. These data strongly emphasize the 2017 American
Heart Association (AHA)/American College of Cardiology
(ACC)/HRS recommendations for concurrent implantable
cardioverter defibrillator (ICD) placement in individuals
with CS who otherwise have an indication for permanent
pacemaker implantation [88].

Treatment of Cardiac Arrhythmias

Cardiac arrhythmia is a common manifestation of CS, and
atrial fibrillation, atrial flutter, or VT may be seen in 20-32%
of individuals [89, 90]. Arrhythmias are likely due to inflam-
mation or fibrosis within the myocardium [91]. In electro-
anatomical mapping studies of individuals with ventricular
arrhythmias, areas of abnormal EKG correlated to areas of
LGE on CMR in 90% of cases [92].

Retrospective studies suggest a high incidence of atrial
arrythmias (AA) in CS, with atrial fibrillation being most
common [90]. However, in a more recent prospective
study of 33 treatment-naive individuals with CS who had
implanted devices, 11 had device detected AA, 2 had clini-
cally significant AA, and only 1 patient had AA as a present-
ing feature of CS [93]. Antiarrhythmic and/or nodal agents
are often required and may include p-blockers, calcium-
channel blockers, sotalol, dofetilide, and amiodarone. In
cases of AF, anticoagulation may be considered based on
the individuals CHA2DS2-VASc score [11ee].

Ventricular arrhythmia is an independent predictor of
mortality in individuals with CS [72, 94]. IST has been
shown to be effective in reducing ventricular arrhythmias,
especially when started before the onset of LV dysfunction
[95]. Comprehensive recommendations for antiarrhythmic
agent selection follow the 2017 AHA/ACC/HRS guidelines
[88]. Additionally, HRS guidelines provide recommenda-
tions for ICD placement. Class I recommendations include
individuals with LVEF < 35% despite optimal therapy and
individuals with sustained ventricular arrhythmias or prior
cardiac arrest. ICD placement is also suggested in indi-
viduals with unexplained syncope or inducible ventricular
arrhythmia on electrophysiology study (EPS) (Class Ila rec-
ommendation) [11ee].

Those with CS are at increased risk for SCD. Risk stratifi-
cation is important in individuals with CS who otherwise do
not meet criteria for ICD. In a meta-analysis describing the

utility of electrophysiology studies (EPS) to predict ventric-
ular arrhythmias, ICD therapy, need for advanced circulatory
support, or death, EPS had sensitivity of 71% and specificity
of 96% for predicting adverse outcomes in individuals with
CS and no prior history of VT and LVEF >35% [96]. Addi-
tionally, individuals with CS who had ICD placement for
secondary prevention and had LVEF > 35% were still found
to have a high rate of appropriate ICD therapy, further sup-
porting that potentially fatal arrhythmias commonly occur
in individuals who may not meet traditional criteria for ICD
placement [97].

Treatment of Congestive HF

Treatment of HF in CS involves both IST and general man-
agement of HF. HF management follows guideline-directed
medical therapy (GDMT) as laid out in the 2022 update to
the AHA/ACC/HFSA guidelines [98]. Specific features of
GDMT will not be reviewed in this article, though all indi-
viduals with CS should be stratified by AHA/ACC stage, and
managed according to guideline recommendations.

Follow-up Evaluation

Clinical follow-up is critical in CS, though data is limited
in regards to duration of therapy or appropriate weaning
strategies. FDG-PET can assess response to IST [55], though
optimal timing for repeat imaging remains uncertain. In one
review, repeat FDG-PET is suggested at 3 months after ini-
tiation of therapy followed by 3 months after cessation of
IST. If imaging was improved, individuals entered a sched-
ule of surveillance EKG and TTE, and any new abnormality
prompted repeat FDG-PET [99]. Furthermore, close clini-
cal surveillance is important in individuals who are weaned
off IST. A retrospective study following individuals on IST
found 88% of individuals who discontinued IST later devel-
oped radiologic evidence of active disease at an average of
8.4 months after discontinuation [100].

Our Approach to Management of CS

Our approach to management of CS is summarized in Fig. 2.
We broadly separate initial treatment choices into steroid
monotherapy and steroid plus steroid-sparing agent arms.
Based on the literature to date, we feel either arm is appro-
priate and should be individualized based on potential risks
associated with prolonged corticosteroid use as well as pro-
vider-patient shared-decision making. The results from the
ongoing CHASM CS-RCT may help clarify initial treatment
selection. Individuals should be regularly reassessed for [CD
placement in both arms. Additionally, HF and arrhythmias
should be managed per AHA/ACC guidelines and are not
specifically addressed in our algorithm. Individuals with
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Fig.2 Treatment Algorithm for Cardiac Sarcoidosis (CS)

evidence of active CS on CMR or FDG-PET or have high-
risk features are treated with IST. Initial evaluation for ICD
occurs at the time of starting IST. Individuals with active
CS treated with steroid monotherapy receive an initial dose
of 0.5 mg/kg/day or a maximum daily dose of 30-40 mg
prednisone or equivalent drug. This is continued for an
induction period of 4 weeks and then gradually tapered to
a maintenance dose of 5-10 mg/day. Repeat FDG-PET is
performed at 3—6 months. In individuals with resolution of
FDG uptake and favorable clinical response to IST, further
weaning and discontinuation of steroids over additional
12—-18 months is reasonable, with close clinical surveillance
and repeat advanced imaging if suggestion of worsening
disease. Unchanged FDG uptake warrants returning to the
initial dose of steroid and consideration of methotrexate or
alternative steroid-sparing agent. Increased FDG uptake or
a clinical picture suggestive of disease progression is man-
aged by increasing corticosteroid dose and initiating metho-
trexate simultaneously. In patients with presumed ICS and
low-moderate diagnostic confidence, we will often preferen-
tially start with steroid monotherapy and repeat FDG-PET to
evaluate if the abnormal uptake is steroid responsive rather
than starting multiple IST agents, though this is an insti-
tutional practice without significant supporting data. Our
general institutional practice is to start those with active CS
on an initial regimen of corticosteroid with simultaneous
initiation of a steroid-sparing agent. Methotrexate is usually
considered first-line unless there is a contraindication. In
this approach, initial corticosteroid dose is 0.5 mg/kg/day

@ Springer

or a maximum daily dose of 30-40 mg of prednisone, in
combination with methotrexate 5-10 mg/week. Methotrex-
ate dose is increased by 2.5 mg every 2 weeks, and once at
a maintenance dose of 15-20 mg/week, the corticosteroid
is weaned. This titration schedule provides a 4-week induc-
tion phase of corticosteroids, consistent with JCS guidelines.
The difference in this approach is that prednisone is weaned
more rapidly; we suggest 5 mg/week. At 3—6 months,
repeat FDG-PET is repeated. In individuals with resolution
of radiographic abnormalities and good clinical response,
we recommend continuing steroid-sparing agent for total
12-18 months. Persistent and unchanged radiographic dis-
ease usually prompts addition of TNF-a inhibitor while
maintaining the current corticosteroid dose. If FDG-PET or
clinical response suggests disease progression, then corticos-
teroids are increased to initial dose, and a TNF-a inhibitor
is added.

Conclusion

This review aims to summarize the growing body of evi-
dence surrounding diagnostic and therapeutic options in CS,
and to present a streamlined clinical approach to these indi-
viduals. Our review highlights the superiority of advanced
imaging modalities both in establishing a diagnosis and
guiding therapy. The role of steroid-sparing agents and bio-
logic drugs is shifting the treatment paradigm of CS. Despite
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advances, there remain unanswered clinical questions for
the best diagnostic approaches, initial treatment strategies,
follow-up, and titration of treatments. More robust data will
provide key information which will ultimately benefit indi-
viduals with CS.
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