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Abstract

Cardiac sarcoidosis is a component of an often multi-organ granulomatous disease of still
uncertain cause. It is being recognized with increasing frequency, mainly as the result of
heightened awareness and new diagnostic tests, specifically cardiac magnetic resonance imaging
and 18F-FDG positron emission tomography scans. The purpose of this case-based review is to
highlight the potentially life-saving importance of making the early diagnosis of cardiac
sarcoidosis using these new tools, and to provide a framework for the optimal care of patients with
this disease. We will review disease mechanisms as currently understood, associated arrhythmias
including conduction abnormalities, and atrial and ventricular tachyarrhythmias, guideline-
directed diagnostic criteria, screening of patients with extracardiac sarcoidosis, and the use of
pacemakers and defibrillators in this setting. Treatment options, including those related to heart
failure, and those which may help clarify disease mechanisms are included.

Keywords
Sarcoidosis; Arrhythmias; Implantable Cardioverter Defibrillator

Subject Terms:
Arrhythmias; Imaging

Introduction

The diagnosis of cardiac sarcoidosis (CS), part of an often multi-organ granulomatous
disease has increased significantly in recent years?, both as a result of increased awareness
and improved diagnostic studies, specifically cardiac magnetic resonance imaging (CMR)
and positron emission tomography scans (18F-FDG PET)2-°. CS can be seen clinically in
isolation as well as in the setting of known involvement of other organs. While it may be
associated with severe heart failure, its association with conduction abnormalities and
tachyarrhythmias including ventricular arrhythmia (VVA), and less often atrial arrhythmia
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(AA) is its hallmark®. Early recognition of CS, which will alter treatment and may be life-
changing or lifesaving is extremely important. This case-based review will highlight clinical
presentations, current knowledge and therapies for CS.

Disease Mechanisms

While its cause remains uncertain, sarcoidosis is thought to result from an exaggerated
immune response to mostly unidentified environmental antigens in genetically predisposed
individuals. Prevalence and incidence vary by age, sex, ethnicity and geographic location.
Rates are highest in Northern European and African American populations and lowest in
Hispanics and Asians. Cardiac involvement is clinically evident in about 5% of sarcoidosis
patients?, but can be occult and may be identified in a much higher percentage of patients
based on advanced imaging or autopsy studies®

Although no single occupational or environmental exposure has been identified as causative,
6 sarcoidosis has been associated with exposure to insecticides, mold, mildew, birds,
radiation and certain bacteria (mycobacteria and proprionibacterium, among others). It has
also been linked to certain occupations (automobile manufacturing workers, firefighters and
911 responders). Residual mycobacterial DNA, RNA and non-degradable proteins have been
detected in tissues of sarcoidosis patients, who also have increased blood and lung T cell
reactivity against these proteins. Proprionibacterium acnes has been detected in Japanese
sarcoidosis subjects. However, the presence of viable microbes is unlikely as granulomas are
sterile and there is often improvement rather than worsening in response to
immunosuppression.

Sarcoidosis, though usually sporadic, is familial in 3.6-9.6% of cases.” In a twin study,
heritability was estimated to be 0.668 and a number of genetic associations have been
reported.® Genes associated with sarcoidosis include class 11 human leukocyte antigen
(HLA) genes (encoding major histocompatibility complex (MHC) molecules that present
antigens and are recognized by CD*4 cells) that have connections to immune response or
apoptosis pathways.?

The immunopathogenesis of sarcoidosis involves both innate and adaptive immune
responses leading to granuloma formation (Figure 1). Antigen presenting cells launch T cell
responses, and the balance between pro-inflammatory and suppressive responses may
determine whether inflammation persists or resolves. Sarcoidosis is thought to be driven by
IFNy and TNFa secreting T helper (Th)1 cells, influenced by a Th1 promoting milieu rich
with cytokines such as interleukin (IL)-12 and IL-18. More recently, a role for Th17 cells
has also been implicated.1? Regulatory T cells have been identified in tissues and in the
circulation of patients with sarcoidosis. They may help modulate inflammation, although
their exact role is still unclear.®

Lofgren’s syndrome, a form of sarcoidosis with acute inflammatory onset but a favorable
prognosis, is associated with certain HLA genotypes and clonal CD4+ T cells accumulated
in the lung suggest local antigen recognition. Relative to other sarcoid presentations, it is
characterized by lower Th1 responses, which may promote disease resolution.10
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Interestingly, T cell receptor (TCR) sequencing and TCR-MHC modeling have identified a
vimentin (cytoskeletal protein)-derived peptide-MHC complex as a proposed autoantigen
with the capacity to trigger clonal T cell proliferation.11

Pathogenic mechanisms and identification of causative antigens have been less well studied
in CS. Inflammasome activation has been documented in cardiac granulomas in 3 patients.12
Further study is needed to understand key cell response factors and mechanisms of
immunopathogenesis in CS which may lead to specific targeted therapies.

Screening and Diagnosis

Casel

A 38 year-old woman with pulmonary sarcoidosis was referred for CS screening. She noted
occasional momentary palpitations but no syncope or heart failure symptoms. An ECG
showed a right bundle branch block (RBBB) and normal PR interval, an echocardiogram
showed a left ventricular ejection fraction (LVEF) of 48% without regional wall motion
abnormalities, Holter monitoring revealed 2% ventricular premature contractions (VPC), but
no ventricular tachycardia (VT), a CMR showed no late gadolinium enhancement (LGE) and
an 18F-FDG PET showed 18F-FDG uptake in the septum without perfusion abnormalities.
Her steroid therapy was intensified, she was started on beta blockers and cardiology follow
up was established. Repeat 18F-FDG PET in 3 months showed resolution of the uptake and
repeat monitoring showed no progression of her conduction system disease and a decrease in
ventricular ectopy. Her steroids were slowly tapered, and repeat surveillance was planned.

Diagnostic Criteria

The most definitive diagnostic criterion for CS remains histological evidence of
multinucleated giant cells and noncaseating granulomata on cardiac biopsy. However,
endomyocardial biopsy as the sole means for diagnosing CS is problematic because of its
risks and low yield due to the heterogeneous involvement of myocardial segments that may
not include the right ventricular (RV) septum, the prime biopsy target. Therefore, several
diagnostic scoring systems have been developed to help guide clinicians suspecting CS.
These include the 2014 Heart Rhythm Society (HRS) Expert Consensus Definition3
(Supplemental Table 1), and the 2019 Japanese Circulation Society (JCS) Criteria®
(Supplemental Table 2), which have significant overlap. Most often the diagnosis of CS is
based on the presence of extracardiac histologic findings of sarcoidosis and clinical
assessment of cardiac involvement with ECG and multimodality imaging. The HRS Expert
Consensus Statement describes two pathways to diagnose CS: a histologic and a clinical
pathway. Endomyocardial biopsy showing noncaseating granulomata establishes the
histologic diagnosis. The clinical diagnosis of “probable” CS is made by the association of
clinical or imaging findings suggestive of cardiac involvement in a patient with
histologically proven extracardiac sarcoidosis, provided that alternative causes for the
cardiac manifestations are reasonably excluded?.

In the HRS Expert Consensus Document? histology typical of sarcoidosis-in the heart or
elsewhere-is required to establish the diagnosis of CS whereas this is not required by the
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Joint Committee of the Japan Society of Sarcoidosis & Other Granulomatous Disorders, the
Japanese College of Cardiology (2007)2 or the Japanese Society of Nuclear Cardiology
(2017)* criteria. Thus, imaging by CMR and 18F-FDG PET has a key role in establishing the
diagnosis of CS in the clinical pathway. There is no pathognomonic CMR finding for CS
although LGE in a non-ischemic patchy pattern is typical. Clinically isolated CS is not
uncommon?3 and indicates that active disease is limited to the heart. In that case the
diagnosis can be confirmed by endomyocardial biopsy4 whose sensitivity may be enhanced
by advanced imaging® or electroanatomic mapping'® to identify reachable biopsy targets.

ECG/Monitoring

The ECG and ambulatory monitoring are key tools for the diagnosis and interim
reassessment of CS. A probable diagnosis of CS can be made in patients with extra cardiac
sarcoidosis based on clinical criteria that include the presence of VA and/or conduction
system disease in conjunction with the imaging studies noted above. Conduction
abnormalities, especially unexplained heart block in a young patient (<60 years old), should
raise suspicion for CS. As cardiac arrhythmias and conduction abnormalities in patients with
CS may include potentially fatal VA and high degree AV block, early detection and
treatment during periodic follow up is important3: 17,

Because of its low sensitivity the ECG alone is insufficient as a screening tool for CS in
patients with extracardiac sarcoidosis. Mehta and colleagues evaluated a structured
screening approach for CS in patients with extracardiac sarcoidosis including obtaining a
history of arrhythmia symptoms, ECGs, ambulatory monitoring, and transthoracic
echocardiography. Those with symptoms or abnormal test results undergo advanced
imaging!®. The overall prevalence of CS in the screened group was 39%, with the majority
of those with findings on initial screening having abnormalities on advanced imaging8. A
similar approach has been suggested in the HRS Consensus document.3

Although it is believed that the atria are affected less often than the ventricles in CS, AA can
be seen on monitoring in around 1/3 of patients with CS1° Such arrhythmias may also
contribute to the relatively more frequent inappropriate ICD therapies seen in patients with
€S20, Other more subtle ECG findings associated with CS include QRS fragmentation,
defined as two anatomically contiguous leads demonstrating RSR’ patterns in the absence of
bundle branch block, as well as pseudo infarction patterns.2! Supplemental Table 3 lists a
number of ECG and ambulatory monitoring abnormalities that suggest CS in patients with
extracardiac disease.

Ambulatory monitoring may also be useful in assessing the response to therapy, as
arrhythmia burden and conduction disorders can improve with immunosuppressive therapy.
As sarcoidosis may be a progressive disease, periodic ECG screening and ambulatory
monitoring are important even after a negative initial evaluation, especially in those in whom
therapy is deferred or who have active disease elsewhere.2?
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Imaging
Echocardiography

Echocardiography is an integral component of CS screening and follow up. A main role is to
assess patients with extracardiac sarcoidosis for myocardial involvement. CS has a
predilection for the basal left ventricle (LV), the basal septum as well as the papillary
muscles, the RV free wall, and the pericardium in decreasing frequency?3. Regional wall
motion abnormalities may mimic the patchy involvement of the disease. Abnormal thinning
or thickening in non-coronary distributions especially in the basal septum suggest CS. Areas
of thinning are thought to possibly indicate scarring suggesting longer standing disease
while areas of thickening may reflect edema and ongoing inflammation as illustrated in
Figure 2. LV dilatation, dysfunction, global hypokinesis, aneurysms, diastolic dysfunction,
pericardial effusion, and increased echogenicity are other findings that may be indicative of
CS. Predominant RV involvement can occur?# and in advanced disease RV dilatation and
dysfunction can mimic RV cardiomyopathy2>: 26, The echocardiogram is likely to be normal
in early disease despite abnormalities in CMR and 18F-FDG PET!8. Global longitudinal
strain has been described to be impaired in patients with subclinical CS and is correlated
with adverse outcomes?’. Its reassessment has been suggested as a tool to evaluate response
to therapy?8; however long-term data are currently lacking.

In sum, because of its wide availability, lack of radiation exposure, and low cost,
echocardiography is particularly useful as part of an initial or interval testing algorithm to
assess for cardiac involvement in patients with extracardiac sarcoidosis but its low
sensitivity!® limits its value as a screening tool unless combined with strain analysis or other
testing.

Cardiac Magnetic Resonance Imaging (CMR)

As a multi-parametric imaging modality CMR is able to assess both fibrosis and
inflammation making it an essential tool for the diagnosis and assessment of treatment
response in CS.3: 29, 30

CMR can accurately assess ejection fraction, chamber volume and the structural
abnormalities typical of CS30-32 Importantly, LGE allows the detection and quantification of
myocardial fibrosis resulting from T-cell mediated necrosis in CS3: 2930, While there is no
pathognomonic LGE pattern in CS, patchy regions of LGE in a non-vascular distribution
frequently involving the mid-myocardium or sub-endocardium of the basal septum or
inferolateral LV wall, or occasionally the RV are common.3%-32 A perfusion defect (Gradient
Echo Perfusion Imaging) and delayed enhancement (Inversion Recovery Imaging) are
demonstrated in Figure 3.

As noted, the presence of a typical pattern of LGE for sarcoid in patients with a histological
diagnosis of extra-cardiac sarcoid can establish a ‘probable diagnosis’ of CS if other causes
have been reasonably excluded.3
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CMR has a high sensitivity (75-100%) and specificity (76—78%) for the diagnosis of CS and
demonstrates LGE in 19.0-38.7% of patients with extracardiac sarcoidosis without
symptoms suggestive of CS.33-36

When screening for CS, CMR can be useful (Class lla recommendation) in patients with
either abnormalities on initial screening using symptoms/ECG/echo or in patients <60 years
old presenting with unexplained advanced AV block.3

The presence of LGE is considered a high-risk feature for VA37: 38 and even in patients with
an LVEF>35% is currently a Class lla indication for ICD implantation.2®

While LGE quantification is still evolving, some studies suggest a cut-off of at least 6% as
identifying CS patients with an increased risk of VA/sudden cardiac death (SCD) without
other indications for ICD implantation.39: 40

Several studies have also demonstrated the feasibility of detecting acute inflammatory
changes (i.e. edema) and/or improvement with immunosuppressive therapy using T1/T2
mapping or T2-weighted CMR. However, clinical applications of these techniques are still
evolving (e.g. due to low-signal-to-noise ratio)41-43

18F-positron Emission Tomography Scans (18F-FDG PET)

To assess cardiac inflammation in CS,39 18F-FDG PET has largely replaced gallium
scanning and along with CMR is a preferred method for diagnosis** 4%, prognosis*648, and
evaluating response to therapy®. 18F-FDG PET requires specific patient preparation, such as
high-fat/low-carbohydrate diets and/or prolonged fasting, to inhibit normal myocardial
glucose uptake and visualize 18F-FDG uptake in inflammatory cells. This preparation is
critical, though even under optimal conditions the test-retest accuracy of 18F-FDG PET for
CS is not 100%°%0. In conjunction with 18F-FDG PET, myocardial perfusion imaging with
rubidium-82 or N-13 ammonia is commonly performed, which improves characterization of
the presence and type of CS involvement®! (Figure 4).

The classic findings of CS on 18F-FDG PET are focal myocardial FDG uptake along with
regional perfusion defects in the absence of coronary artery disease®®. Specificity is
enhanced with hybrid PET/CT imaging that allows quantification of myocardial 18F-FDG
uptake®2: 33, Review of whole body images can identify extra-cardiac sites of sarcoidosis
that are amenable to biopsy, permitting tissue diagnosis®*. Even with quantification of 18F-
FDG uptake, the interpretation of 18F-FDG PET for CS may be challenging, and the
combination of clinical, ECG, CMR and 18F-FDG PET findings in a ‘probabilistic’
framework enhance interpretive certainty®®.

In addition, 18F-FDG PET can be used to guide immunosuppressive therapy*?, as
retrospective studies have shown that a reduction in cardiac 18F-FDG uptake with treatment
may be associated with improved LV function6. Moreover, 18F-FDG PET findings have
been associated with specific clinical phenotypes. In particular, septal 8F-FDG uptake is
associated with CS-mediated acute heart block®’—39. As noted, based on these data, the HRS
Consensus Statement recommends 18F-FDG PET , used in a complimentary fashion with
CMR, in the evaluation of patients with extra-cardiac sarcoidosis and concern for CS, in
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adults <60 years old with newly identified advanced conduction disease and in those with
unexplained VA3,

Tissue diagnosis

As noted, the criteria used by the Japanese Ministry of Health and Welfare in 199360 as well
as the HRS in 20143 explicitly require histologic evidence of sarcoidosis in the heart or
elsewhere before a definitive diagnosis of CS can be made, while the Joint Committee of the
Japan Society of Sarcoidosis and Other Granulomatous Disorders and the Japanese College
of Cardiology in 20072 and the Japanese Society of Nuclear Cardiology* have not required
this. The need for tissue diagnosis stems from the desire not to overlook other diagnoses and
the fact that immunosuppressive treatment of sarcoidosis is not without risk and is often
necessary for a prolonged period of time. Available imaging tools should be used to enhance
diagnostic yield and identify potential extracardiac sites for biopsy®L. The use of
bronchioalveolar lavage and ultrasound guided lymph node biopsy during bronchoscopy
should also be encouraged.82. However, despite best efforts, biopsies, including those of the
heart, may be nondiagnostic or there may be no accessible biopsy targets, and the treating
physician will need to make a judgement whether or not sarcoidosis is present in order to
initiate or withhold immunosuppressive therapy. In this situation, multidisciplinary
institutional boards may be beneficial to discuss management strategies.

Arrhythmias

Conduction Abnormalities

Case 2: A 35-year-old male with hypertension presented with unheralded syncope. His 12-
lead ECG showed sinus tachycardia, high degree heart block, and an escape rhythm with a
RBBB, complete and incomplete, and alternating normal and left axis (Figure 5).
Transthoracic echocardiogram showed a LVEF of 40%, 18F-FDG PET revealed patchy
inflammation in the in basal LV septum, basal anterior and anterolateral segments, as well as
apical inferior, apical lateral, and mid inferolateral segments and a whole-body scan
demonstrated 18F-FDG uptake in mediastinal and hilar lymph nodes (Figure 4).
Transbronchial needle aspiration of hilar lymph nodes revealed noncaseating granulomata.
CMR showed mid myocardial hyperintensities in the basal lateral LV and interventricular
septum on T2-weighted sequences, without LGE. These findings suggested sarcoidosis with
pulmonary involvement and early stage active CS with inflammation and edema, without
myocardial fibrosis. A dual chamber biventricular ICD was implanted and
immunosuppressive therapy begun with improvement in AV conduction.

The presence of conduction abnormalities, but most specifically, first degree AV block,
RBBB, and advanced AV block, is one of the diagnostic hallmarks of CS and advanced AV
block is one of the criteria for the clinical diagnosis of CS in both the HRS® and Japanese
Guidelines (minor criterion). In a study by Nery,et al., CS was identified in 34% of younger
patients (<55-60 years old) presenting with heart block without other identified cause®3 and
should be considered in this situation.
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In a study of patients with extracardiac sarcoidosis and no known CS, 25% had ECG
abnormalities, and 38% of these had PR prolongation or RBBB®4. ECG abnormalities
always preceded cardiac symptoms and were associated with an adverse long-term
prognosis.

In both Mehta, et al.’s study of patients with extracardiac sarcoidosis!8, and Schuller, et
al.”s?1 series of patients with extra-cardiac sarcoidosis and signs or symptoms suggesting
early CS, RBBB was more common in those ultimately found to have CS, than left bundle
branch block (LBBB) or other conduction defects (23% vs 8%). Overall, it is estimated that
RBBB is seen in 12-66% of patients with CS and complete or advanced AV block in about
25 to 75% of patients presenting with CS®. It is for these reasons, as well as the safety and
limited expense associated with routine ECG screening and ambulatory monitoring, that
such testing is recommended both at diagnosis and during follow up of patients with
extracardiac sarcoidosis® °

As advanced AV block in the setting of CS is associated with a high risk for adverse events
including VA, an ICD instead of a pacemaker may be considered in this situation even with a
normal or near normal LVEF (Class Ila indication).3: 29,

Ventricular Arrhythmias (VA)

Case 3: A 57 year old male presented with palpitations and near syncope. ECG showed a
prolonged PR interval of 370 milliseconds (ms). An echocardiogram demonstrated moderate
RV dilation with a LVEF of 45-50% and anteroseptal hypokinesis. Cardiac catheterization
showed no obstructive epicardial coronary disease.

An electrophysiology study (EPS) was performed and showed an AH interval of 301 ms.
and an HV interval of 69 ms. Monomorphic VT arising from the septum was induced.

A CMR was refused but an 18F-FDG PET was positive only in the heart showing focal 18F-
FDG uptake in the septum and diffuse uptake in the RV. An endomyocardial biopsy
confirmed CS.

A dual chamber ICD was implanted and a course of steroids was administered after which
18F_FDG PET imaging normalized. Despite this improvement, symptomatic VT of multiple
morphologies recurred which was unresponsive to several antiarrhythmic drugs (AAD)s and
advancement of immunosuppression. Extensive ablation including the use of bipolar
radiofrequency energy (RFA) to target intraseptal VT proved unsuccessful. The patient
ultimately succumbed to complications of VT storm while undergoing transplant evaluation.

As noted, VA are commonly seen in CS. In a Finnish study of 110 patients with CS, 31
presented with VT and 5 with ventricular fibrillation (VF) as their first manifestation of
CS13, CS and other inflammatory myopathies have been increasingly recognized as the
underlying substrate in patients with otherwise unexplained monomorphic VT, multifocal
PVCs, or AV block with frequent PVCs.1: 6566 The incidence of VA leading to ICD
therapies was found to be approximately 15% per year in a single center study of 45 CS
patients with 1CDs.57
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The pathogenesis of VA in CS primarily involves myocardial scarring in the post-
inflammatory phase. In the setting of scar the typical arrhythmia is monomorphic V/T.68
Because of the frequently extensive and complex substrate, many patients present with
several morphologies of VT or VT storm. The incidence of VA can also correlate with
disease activity. In areas of active inflammation, arrhythmogenesis can be due to reentry or
increased automaticity, manifest as PVCs, PVC-triggered VF, and focal VT. The His-
Purkinje system may also participate in ventricular arrhythmogenesis in CS.89

Several studies have identified the presence and extent of LGE by CMR and inflammation
by 18F-FDG PET imaging as powerful determinants of VA in CS, but no other established
predictors exist. Importantly, LVEF alone is a poor risk marker for VA and patients with a
preserved LVEF may still be at risk for life threatening arrhythmias. It remains to be
determined whether frequent PVCs can identify a subset of patients at increased risk for
sustained VA.

Atrial Arrhythmias (AA)

While the association of CS with VA and SCD is well recognized, AA are often misseds.
The exact incidence of AA in CS is unknown, but in a study by Viles-Gonzalez et al., the
prevalence of AA in patients with known CS was 32%.1°

There are several potential etiologies for AA in CS, including granulomatous involvement of
the atria leading to inflammation and scarring. Atrial scar has been shown in patients
presenting with reentrant atrial flutter (AFI) and AF using voltage mapping’®. This is further
supported by atrial LGE positivity on CMR as well as atrial tracer accumulation on 18F-
FDG PETL. In addition, elevated atrial pressures in the setting of progressive ventricular
dysfunction and/or pulmonary disease or hypertension may contribute.19 Evaluation of CS
patients for AA showed that AF was the most common AA (18%), followed by atrial
tachycardia (7%), AFI (5%), and AV nodal reentrant tachycardia (2%). The higher incidence
of AF is probably related to left ventricular dysfunction and pulmonary disease. Pulmonary
hypertension and right atrial dilatation may contribute to typical AFI.72

The relationship of AA to sarcoidosis is primarily based on the identification of AA in
patients with CS or non-cardiac systemic sarcoidosis in whom CMR and 18F-FDG PET have
been used to specifically look for atrial disease. However, limited data are available about
imaging studies in patients with AA without previously identified sarcoidosis.”*

The management of CS related AA is essentially the same as in any patient with AA. AADs
may be initiated for those with symptomatic AA, however Class | agents should be used
with care in the presence of ventricular scar. Catheter ablation (CA) should be considered in
symptomatic patients as it has been found to be fairly effective for AA, including AFI and
AF in this setting.”0 Patients should, in addition, receive guideline directed anticoagulation.
The role of steroids specifically and immunosuppression in general has not been
systematically evaluated for isolated AA in the setting of sarcoidosis. If immunosuppression
is to be used, some studies recommend early initiation of intensive prednisone therapy
followed by slow titration to a minimum suppressive dose which is continued indefinitely as
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there is also concern for VA following cessation of therapy? although the optimal dose/
duration of therapy is not known with certainty.

Cardiac Implantable Electronic Device (CIED) Therapy

CIED therapy has an important role in the management of patients with CS given their risk
for VA and heart block. Both the HRS Consensus Statement, (Supplemental Table 4),3 and
the 2017 AHA/ACC/HRS Guideline for Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death, (Supplemental Table 5)2°,
provide guidance. Both recommend ICDs, with a Class | indication, for secondary
prevention as well as in patients with a LVEF <35% despite optimal medical therapy.

In CS patients presenting with conduction abnormalities, the decision to proceed with
permanent pacing should be guided by standard recommendations. Both documents give a
Class Ila recommendation for consideration of an ICD instead of a pacemaker in patients
with bradycardia indications for a CIED, even with a LVEF >35%%2°. This is based on an
approximately 24% incidence of significant VA in this group? and emphasizes the
importance of having a high suspicion for CS in younger patients (age < 60) with advanced
AV block.

The two guidelines couch their emphasis on EPS as a risk discriminator in the population
with confirmed or probable CS but without bradycardia indications for a CIED and a normal
or near normal ejection fraction somewhat differently3 29, Risk assessment in this group
remains especially challenging and a number of additional modalities have been proposed to
refine the discrimination of the current guidelines including, in addition to EPS, voltage
mapping, 18F-FDG PET response to therapy, amount of LGE on CMR*? and levels of a
variety of biomarkers. Further prospective studies are warranted to identify the ideal risk
assessment strategy in this group.

When Devices are not Enough

Case 4: A 56-year-old man with pulmonary sarcoidosis CMR showing LGE, an LVEF of
30%, an initial 18F-FDG PET without evidence of inflammation, and a primary prevention
ICD presented with ICD shocks several months after device implantation. His medications
included carvedilol, spironolactone, furosemide, lisinopril and low dose prednisone. Device
interrogation at that time showed 3 appropriate shocks for monomorphic VT as well as
successful antitachycardia pacing (Figure 6). Repeat 18F-FDG PET showed new focal
myocardial 18F-FDG uptake. High dose prednisone, methotrexate and amiodarone were
initiated. The patient had no further arrhythmias or ICD shocks. A repeat 18F-FDG PET 6
months later showed no 18F-FDG uptake. Prednisone was stopped, methotrexate was
continued and amiodarone was gradually tapered and stopped.

Antiarrhythmic Drugs (AAD)s

Few observational and no randomized data exist regarding the effectiveness of AADs in
patients with CS. Many of the available case series are small. A study of 7 CS patients
presenting with VT reported recurrent VT in 4 patients and sudden death in 2 despite EPS-
guided use of AADs.”3 Among the 4 patients receiving both an ICD and AADs, all had
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appropriate shocks. In a series of 8 CS patients presenting with VT, 6 received a variety of
AAD:s in addition to immunosuppression.’* Among these, 4 underwent ICD placement, all
of whom had ICD therapies.

A multicenter report described a stepwise approach for managing VT in CS, beginning with
ICD implantation, followed by immunosuppression, a single AAD, a second AAD, and
finally CA.7> Of 42 patients included, all were treated with immunosuppression, 21 required
AADs, and 9 of those required CA. VT control was achieved with medication in 76%.
Specific AADs used included amiodarone, sotalol, mexiletine, quinidine, dofetilide, or a
combination of AADs. In a series of 37 CS patients presenting with VT and followed for 39
months,89 23 patients (62%) were rendered free of VT with medical therapy—either AADs
(1 patient) or AADs and immunosuppression (22). Patients were treated with amiodarone,
sotalol, or procainamide. In another study of 30 CS patients with ICDs, 20 received AADs:
class 111 agents in 17 and class | agents in 576, Appropriate ICD therapies occurred in 9/21
(42%) patients treated with AADs, compared with 2/9 (22%) not treated with AADs.
Finally, a study of 18 CS patients presenting with VT included 4 without active
inflammation who were treated with AADs (amiodarone or sotalol) without concomitant
immunosuppression. All had recurrent VT and ultimately required CA.”” The same study
described successful adjunctive use of intravenous amiodarone and lidocaine for the
management of unstable VA. Thus, current limited data suggest that a patient specific,
multimodality approach is necessary.

Catheter Ablation (CA)

As with other types of myocardial scarring, VT in CS is most often caused by reentry®8 and
the principles of ablation (guided by substrate-, activation-, and entrainment-mapping) are
similar.”> However, the nature and distribution of the CS substrate poses distinct challenges.

As illustrated by the accompanying case, ablation is not recommended as first line therapy if
18F_FDG PET indicates the presence of active inflammation as the arrhythmia substrate is
changeable and mechanisms may differ. Edema may also limit the penetration of thermal
energy, and recurrence is higher in this setting.3 8 However, ablation has a role when

immunosuppression and AADs fail, and for recurrent VA in the absence of active disease.
69, 77

Multiple inducible VTs are usual (a median of 3 morphologies reported in two studies), with
59% having a LBBB pattern (suggesting RV or septal origin), 32% RBBB (suggesting LV
free wall), and 9% indeterminate.58 7> Approximately 20% of patients require epicardial
ablation.”: 79 In the RV, areas of scar can be widespread, confluent, and transmural; most
can be reached with a combined endo/epicardial approach. Conversely, scar in the LV is
usually patchy and can affect any part of the ventricle (most commonly the septum and
anterior wall).%8 A particular challenge is the presence of mid-mural scar, especially in the
septum, which is difficult to identify and reach using conventional endo/epicardial mapping
techniques. Scar imaging with CMR is invaluable in procedure planning.3 78

The efficacy of ablation in CS is modest when defined as complete freedom from VA.
Reported outcomes in part reflect the extent of disease, with better results in patients with
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preserved LV function.”® 80 In a meta-analysis, recurrence occurred in 54% of patients; 31%
underwent a second procedure, and 5% a third.”® However, taking a wider view of success,
ablation significantly reduces VA and resultant ICD therapies in 88% of patients and is a
successful treatment for VT storm in 78%.%8: 79 Major procedural complications occur in
around 5% of this sick group of patients.”®

Steroids and Beyond

The Need to

Corticosteroids are the drugs of choice for treating most forms of sarcoidosis. However, the
effectiveness of corticosteroids in suppressing VA in CS is not clear cut and in a meta-
analysis, the data quality was too limited to draw conclusions.8! Corticosteroids may be
particularly beneficial in early disease, especially early after presentation with heart block?2,
but may paradoxically worsen VA and may be associated with aneurysm formation in a
minority of patients.3

Most experts initiate prednisone therapy at a dose of 30-60 mg a day for several
months®8: 77.80_|n the acute setting, methylprednisolone 10-15mg/kg per day for 3 days
may be considered®. Gradual weaning of steroids followed by repeat 18F-FDG PET
imaging to establish treatment response is recommended®2.

Corticosteroid-sparing agents, most commonly methotrexate, are often used with or without
corticosteroids to reduce the risk of corticosteroid-related side effects. In one study of 36 CS
patients, the clinical relapse rate was 46% in the corticosteroid group versus 17% in the
corticosteroid with immunosuppressive (azathioprine, methotrexate, or cyclophosphamide)
group (p=0.048).83 A small retrospective analysis showed that corticosteroid-sparing
regimens containing methotrexate with or without adalimumab are effective maintenance
therapy after initial response, but patients must be monitored closely for relapse both on and
off immunosuppression.8 Infliximab has been used for CS despite concerns about
cardiotoxicity and worsening of heart failure that have made its role less certain. A recent
study evaluated the efficacy of infliximab in 36 patients with refractory CS who had failed
therapy with corticosteroids and corticosteroid-sparing agents.8> Two thirds improved, with
half the responders showing a >50% reduction in arrhythmia on ICD or other monitoring.
Six patients (17%) had an adverse event, and 3 patients stopped infliximab for a prolonged
period. Other biologic agents are also being evaluated. The currently-enrolling CHASM-CS
RCT (NCT03593759) is the first randomized controlled treatment study for CS and will
compare standard dose prednisone versus low dose prednisone with a taper over 3 months
plus methotrexate.86 While the primary endpoint will be summed perfusion rest score on
18F_FDG PET, secondary endpoints will include arrhythmia burden, mortality, and quality of
life.

Treat the Whole Patient: Heart Failure Management

Case 5: A 51-year-old man presented with worsening appetite and shortness of breath and
was diagnosed with gastrointestinal and pulmonary sarcoidosis prompting initiation of
corticosteroid therapy. Initial and periodic screening for CS was negative. He initially did
well, but later presented with bradycardia and was found to have a new cardiomyopathy with
an LVEF of 20% and 18F-FDG uptake concerning for active CS. He received a biventricular
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ICD, his steroids were adjusted, and he remained stable for several years on medical therapy.
He then received multiple shocks for VT/VF. Episodes of VT storm with associated
multisystem organ failure prompted peripheral veno-arterial extracorporeal membrane
oxygenation. He was urgently evaluated for dual heart/kidney transplantation, underwent
heart transplantation followed by kidney transplantation and was ultimately discharged
home. Cardiac tissue obtained at transplant showed noncaseating granulomata consistent
with CS (Figure 7).

Medical Therapy of Heart Failure

CS can present as either a restrictive or dilated cardiomyopathy. The prognosis is
significantly worse in those presenting with heart failurel3. Restrictive cardiomyopathy with
inflammation is treated with immunosuppression and diuretics to manage volume status and
improve symptoms. Medical management of patients presenting with dilated
cardiomyopathy includes appropriate neurohormonal blockade along with
immunosuppression8”. While dedicated trials addressing the efficacy of neurohormonal
blockade in patients with CS are lacking, the overwhelming evidence that it improves
survival®8, reduces hospitalizations and improves LVEF in patients with heart failure and
reduced LVEF has been extrapolated to this setting®9: %0,

Advanced Therapy

Most CS patients do not progress to advanced heart failure. For those with refractory
disease, advanced heart failure therapies (AHFT), specifically heart transplantation or
mechanical circulatory support may be considered. Three principal questions guide
consideration of AHFT:

1 Is the patient sick enough to benefit?

2. What is the burden of co-morbid disease? With sarcoidosis, what is the extent of
extracardiac involvement?

3. What are the anticipated long-term outcomes?

The International Society of Heart and Lung Transplantation Guidelines do not make
recommendations specific to CS, but do discuss restrictive cardiomyopathies. Patients with
refractory heart failure should be considered for AHFT if their extracardiac involvement is
not significant®L. Other indications for AHFT include severe LV and RV failure and
intractable VT.

The number of CS patients undergoing left ventricular assist device (LVAD) placement and
heart transplantation has increased over the last decade®2. Potential issues with LVADs
include: (1) Immunosuppression predisposing to infection, (2) Small LV size leading to
pump dysfunction, and (3) The risk of RV failure. Data on LVAD use specific to CS are
limited. An INTERMACS analysis of patients with restrictive cardiomyopathy included 17
CS patients. The overall restrictive cardiomyopathy cohort had survival similar to non-
restrictive patients, although LV end diastolic dimension < 5.0 cm resulted in increased
mortality93,
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Considerations for heart transplantation also include the risk for CS recurrence in the
allograft. In most instances, immunosuppression after heart transplantation prevents
progression of systemic disease, although patients with advanced disease in other organs
may not be heart transplant candidates. Case reports of recurrence in the allograft exist, but
this is uncommon. To minimize risk of recurrence, post-heart transplantation patients with a
history of CS are continued on chronic corticosteroids. Survival after heart transplantation in
selected CS patients is similar to other cohorts®2,

It is important to document restrictive hemodynamics as this finding, if present, qualifies CS
patients listed for heart transplantation as Status 4 which may increase their priority for this
lifesaving operation. Problematically, a single center study showed 18% discordance
between clinical and pathologic diagnosis overall in patients listed for heart transplantation,
with CS being the most frequently misclassified entity®#. This, again, supports the
importance of pursuing the pathologic diagnosis of CS, as it may be critical to avoid
inadvertent underutilization of treatment options and, if necessary, underprioritization for
transplantation.

Conclusions

While the exact cause of CS remains undefined, this review describes the great strides that
have been made in recent years in its recognition, treatment and prognosis. Armed with
heightened awareness, and knowledge of current care guidelines, it is hoped that more
patients will receive appropriate treatment and have improved outcomes, and that ongoing
research will ultimately lead to a better understanding of disease mechanisms.
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Advanced heart failure therapies
Catheter ablation

Cardiac implantable electronic device
Cardiac magnetic resonance imaging
Cardiac sarcoidosis
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Fluorodeoxyglucose F-18 positron emission tomography
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Japanese Circulation Society

Left bundle branch block
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Major histocompatibility complex
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Figure 1:
Key events in pulmonary sarcoid pathogenesis. 1) Antigen (Ag) exposure in regional lymph

nodes leads to internalization, degradation to peptides and presentation on the surface of
antigen presenting cells (APCs), such as dendritic cells in peptide-major histocompatibility
complexes (MHC); 2) Recognition by CD4+ T cells that have T cell receptors (TCRs) that
recognize the peptide-MHC complex, leads to clonal amplification and activation of these
CD4+ T cells and proliferation with Th1 polarization (the detection of clonal amplification
of CD4+ T cells support the existence of a pathogenic antigen that is recognized by these
cells); 3) Activated circulating CD4+ T cells home via chemokines (e.g. CCL2) to tissue
sites with antigen, activating macrophages to organize into granulomas, which consist of
multinuclear giant cells and fused highly differentiated macrophages and also include Thl
cells; 4) Resolution of the inflammatory process with remission vs. progression to fibrosis
with ongoing chronic inflammation.

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2022 February 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rosenfeld et al. Page 24

106 bpm

Figure 2:
(Panels A-B) Echocardiogram demonstrating a left ventricular basal anteroseptal aneurysm

complicated by ventricular septal rupture (denoted by asterisk) with left-to-right shunt seen
by color flow. (Panels C-D) Left ventricular basal anteroseptal thickening thought to be due
to inflammation, shown in both diastole and systole, that mimics hypertrophic obstructive
cardiomyopathy with systolic anterior motion of the mitral valve (MV).
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Figure 3:
Panel A: CMR with areas of subtle hypoperfusion seen in Gradient Echo Perfusion Imaging

(GRE) as areas of decreased signal intensity in endo and mid-myocardium of the LV (yellow
arrows). Panel B: Areas of corresponding LGE seen in the anterior (endo/midmyocardial)
and inferior (near transmural) wall of the LV (yellow arrows).
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Figure 4:

Rest 82-Rubidium perfusion images from Case 2 show perfusion defects in the basal
septum, basal anterior and anterolateral segments, as well as apical inferior, apical lateral,
and mid inferolateral segments suggesting areas of scar (A). 18F-FDG PET imaging shows a
mismatch pattern with increased uptake in these segments, increased uptake in adjacent
basal and mid inferior as well as mid anterolateral segments (A), and increased RV uptake
(B) consistent with active inflammation in these areas. The combination of perfusion defects
(scar) and 18F-FDG uptake (inflammation) allows a more complete understanding of the
patient’s burden of disease, prognosis, and pathology. Whole body imaging (C), shows
increased 18F-FDG uptake in hilar and mediastinal lymph nodes.
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Figure5:
ECG showing sinus tachycardia with high degree heart block and an escape rhythm with a

RBBB, complete and incomplete, and alternating normal and left axis.
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ICD interrogation showing rapid ventricular tachycardia (FS), meeting criteria for the
“ventricular fibrillation” (\VF) zone, terminated by burst pacing (TP) prior to device
charging. AR/Ab=markers of atrial activity, VS=Ventricular sensed event.
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Figure7:
Panels A and B: Pathology of explanted heart of a patient with cardiac sarcoidosis

cells and focal granulomata are seen.
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