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Abstract

Purpose of Review In this state-of-the-art review, we highlight our current understanding of diagnosis, assessment, and manage-
ment of cardiac sarcoidosis (CS), focusing on recently published data and expert consensus statement guidelines.

Recent Findings Academic interest in cardiac sarcoidosis research has increased over the past decade along with increased
clinical awareness among clinicians. In 2014, the Heart Rhythm Society published the first expert consensus statement on
diagnosing and managing arrhythmias associated with CS. Cardiac magnetic resonance has emerged as a valuable tool both
for diagnosing CS and predicting risk of life-threatening ventricular arrhythmias based on burden of late gadolinium enhance-
ment. Cardiac fluorodeoxyglucose-positron emission tomography now plays a role in diagnosis, risk stratification, and assessing
response to immunosuppressive therapy.

Summary Collaborative, multidisciplinary research efforts are needed to further our understanding of this rare, complex disease.
Two large multicenter prospective registries—the international Cardiac Sarcoidosis Consortium and the Canadian Cardiac
Sarcoidosis Research Group—are enrolling patients to help provide insights into the natural history of the disease and current
treatment strategies. Future research should focus on randomized controlled trials comparing different treatment strategies and
identifying and testing novel therapeutic agents.

Keywords Cardiac sarcoidosis - Cardiac magnetic resonance - Positron emission tomography - Implantable cardioverter
defibrillator - Sudden cardiac death

Introduction prevalence of sarcoidosis throughout the world ranges from
4.7 to 64 in 100,000 and is highest in northern Europeans and

Sarcoidosis is a systemic inflammatory disease defined histo-  African Americans and more common in women than men.

logically by the formation of non-caseating granulomas and
subsequent tissue scarring. Sarcoidosis can involve virtually
any organ system, most commonly lungs, liver, skin, gastro-
intestinal system, eyes, and neurologic system [1]. The
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The annual incidence of sarcoidosis in the USA has been
estimated at 10.9 per 100,000 in whites and 35.5 per
100,000 in African Americans [2¢].

Autopsy data show up to 25% of patients with systemic
sarcoidosis have cardiac involvement [3]. Cardiac involve-
ment in sarcoidosis portends a worse prognosis [4]. Cardiac
manifestations depend on the extent and location of the heart
involved and can range from asymptomatic presentation to
ventricular tachycardia (VT), high-grade atrioventricular
(AV) block, or heart failure. Because sudden cardiac death
can be the first presentation of cardiac sarcoidosis (CS) due
to brady- or tachyarrhythmias, increased awareness and un-
derstanding of this disease process is essential. The diagnosis
of CS has increased significantly over the past 25 years, likely
attributed to improved imaging techniques, standardized diag-
nostic algorithms, and enhanced awareness of the disease pro-
cess. Despite increased prevalence over the recent years, given
the rarity of disease, the majority of data is still based on non-
randomized trials and expert opinions. More recent data
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provides additional support for the 2014 HRS Expert
Consensus Statement.

Diagnosis: Current Practice, Emerging Tools,
and Evidence

Criteria Updates

Three major guidelines exist for the diagnosis of CS: the 2014
Heart Rhythm Society (HRS) document, the World
Association of Sarcoidosis and Other Granulomatous
Disorders Sarcoidosis Organ (WASOG) criteria, and the
Japanese Ministry of Health & Welfare (JMHW) guidelines
with updates by the joint committee of the Japanese Society of
Sarcoidosis and Other Granulomatous Disorders and the
Japanese College of Cardiology in 2017. The WASOG criteria
were devised in 1999 as A Case Control Etiology of
Sarcoidosis Study (ACCESS) instrument in 1999 and were
revised by WASOG in 2014. The WASOG criteria were ex-
panded upon by the HRS consensus statement [2¢], with up-
dates to the criterion for clinical diagnosis. The HRS diagnos-
tic criteria include two diagnostic pathways: (1) histologic
diagnosis from myocardial tissue or (2) clinical diagnosis
from invasive and non-invasive studies (Table 1). The clinical
diagnostic pathway requires histological diagnosis of extra-
cardiac sarcoidosis and one or more clinical or imaging
criteria. Using the HRS criteria, isolated CS can thus only be
diagnosed with myocardial tissue, making this challenging
diagnosis difficult to confirm. In 2017, JIMHW guidelines
were revised and several significant changes were made to
the criteria: (1) guidelines now allow for diagnosis of isolated
CS without a positive endomyocardial biopsy, (2) fatal ven-
tricular arrhythmia (sustained ventricular tachycardia and ven-
tricular fibrillation) was added to the major criteria alongside
high-grade atrioventricular block, (3) abnormal ventricular
wall anatomy was moved from the minor to major criteria,
(4) elevated myocardial uptake with FDG-PET was moved
to the major criteria, and (5) late gadolinium-enhanced MRI
was moved from the minor to major criteria [5ee]. Table 1
shows the HRS and JMHW Diagnostic Criteria.

Imaging Modalities
Echocardiogram

Echocardiogram is not a sensitive tool for CS diagnosis com-
pared with CMR or PET (Fig. 1). However, transthoracic
echocardiogram (TTE) is specific and abnormalities can be
useful in identifying cardiac dysfunction in biopsy-proven ex-
tra-cardiac sarcoidosis, leading to further imaging to assess for
CS. In a retrospective study of patients with biopsy-proven
CS, when combined with symptoms and/or Holter monitor
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findings, TTE had a sensitivity ranging from 71 to 84%.
This increase in sensitivity was attributable to the addition of
symptoms and/or Holter monitor findings, and thus by itself,
TTE does not improve the sensitivity of CS recognition [6].
Because left ventricular ejection fraction (LVEF) is one of the
strongest prognostic indicators in CS, once the diagnosis is
made, this relatively inexpensive imaging modality has a role
in the management of CS patients.

Cardiac Magnetic Resonance

Cardiac magnetic resonance (CMR) is a valuable tool for di-
agnosis of CS primarily by identifying late gadolinium en-
hancement (LGE) in the myocardium with a characteristic
pattern of patchy and multifocal uptake with sparing of the
endocardial border. It is a very sensitive and specific test with
both ranging in high 90s in some studies (Fig. 1). An associ-
ation between late gadolinium enhancement and poor progno-
sis has been shown in a number of studies. A meta-analysis
comprising 7 studies and 694 subjects suggested that positive
LGE among CS patients was associated with increased risk of
cardiovascular death or ventricular arrhythmia [7]. Two hun-
dred and five patients with a diagnosis of extra-cardiac sar-
coidosis and left ventricular ejection fraction (LVEF) >50%
were risk stratified by assessing LGE burden using CMR, with
41 (20%) having positive LGE. Twelve of 205 patients died or
had VT during a mean follow-up time of 36 months, and 10 of
these 12 (83%) were LGE positive—trepresenting a greater
than 20 times higher rate of death or VT per year compared
with the LGE-negative group [8]. A meta-analysis of ten stud-
ies involving 760 total patients showed that patients with LGE
had higher odds for all-cause mortality (odds ratio, 3.1) and
greater odds of arrhythmogenic events (ventricular arrhyth-
mia, ICD shock, sudden cardiac death) plus all-cause mortal-
ity (odds ratio, 10.7) compared with patients without LGE [9].
Figure 2 shows 3 T CMR images of a patient with cardiac
sarcoidosis demonstrating patchy LGE involving the base of
the anteroseptum and multiple areas of the anteroseptum and
inferoseptum.

While useful and sensitive for diagnosis of CS, CMR has
its limitations. CMR with LGE is less sensitive regarding ac-
tive myocardial inflammation and thus is not currently useful
in guiding immunosuppressive therapy. However, novel CMR
techniques utilizing T1 and T2 mapping are being evaluated,
and multiple studies suggest this may allow detection of myo-
cardial inflammation. Compared with control subjects, pa-
tients with biopsy-proven extra-cardiac sarcoidosis had signif-
icantly higher T1 and T2 indices and that myocardial native
T1 and T2 had higher discriminatory accuracy compared with
HRS and JIMHW guidelines. Further, T1 and T2 indices were
significantly reduced among patients undergoing anti-
inflammatory therapy, suggesting a role in monitoring re-
sponse to treatment [10].
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Sensitivity and Specificity of Screening Tests for Cardiac Sarcoidosis
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Fig. 1 The sensitivity and specificity of various tests for the diagnosis of
cardiac sarcoidosis in two sarcoidosis cohorts. Mehta: A sarcoidosis
cohort of 62 patients from New York City, USA. Kouranos: A
sarcoidosis cohort of 321 patients from Athens, Greece. Orange lines:
95% confidence intervals for specificity of various tests with the means
identified; Black lines: 95% confidence intervals for sensitivity of various

FDG-PET Imaging
18F-fluorodeoxyglucose positron emission tomography

(FDG-PET) is most useful for imaging areas of myocardial
inflammation and in measuring response to

a Short axis view

tests with the means identified. Cardiac sx, cardiac symptoms; ECG,
electrocardiogram; Holter, 24-h ambulatory electrocardiographic
monitoring; TTE, transthoracic echocardiogram; any variable,
combination of all previous tests; CMR, cardiac nuclear magnetic
imaging. (Reproduced from: Judson MA. Respir Med 2019, 154:155—
157, with permission from Elsevier) [42]

immunosuppressive therapy. FDG-PET shows very good sen-
sitivity and specificity for diagnosis of CS. A meta-analysis
analyzed 18 FDG-PET studies in 891 patients and found a
pooled sensitivity of FDG-PET for diagnosis of CS of 0.84
(95% CI 0.71 to 0.91) and a pooled specificity of 0.83 (95%

b 4 chamber view

Fig. 2 Cardiac magnetic resonance image of a 61-year-old male with
cardiac sarcoidosis showing patchy late gadolinium enhancement
(vellow arrows) involving the base of the anteroseptum, and multiple

@ Springer

areas of the anteroseptum and inferoseptum and lateral wall shown in
the short axis (a) and 4 chamber view (b) consistent with cardiac
sarcoidosis
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CI0.74 to 0.89). While pooled sensitivity and specificity were
higher in studies that also assessed MPI, these were not statis-
tically significant. However, the diagnostic odds ratio for CS
using FDG-PET (14.2) was improved when MPI was utilized
(25.7) [11].

The presence of FDG uptake and perfusion defects on PET
is associated with higher risk of death or VT. Specifically,
patients with focal RV inflammation had a 5-fold higher event
rate compared with patients with normal perfusion and metab-
olism, suggesting focal RV involvement could be a marker for
more severe disease [12]. A retrospective study of 203 patients
referred for FDG-PET for evaluation of CS found that quan-
titative scores of the extent and severity of perfusion metabo-
lism mismatch and of variation in FDG uptake provided in-
crementally superior prognostic information compared with
other qualitative methods. The most robust method was the
summed rest score (SRS) of all segments with perfusion me-
tabolism mismatch, followed by a second score measuring the
coefficient of variation of the FDG signal representing meta-
bolic heterogeneity [13].

In addition to aiding with diagnosis and prognosis, FDG-
PET can help to monitor response to therapy. Frequency of
follow-up has not been defined, but we typically repeat FDG-
PET every 6-9 months to reevaluate degree of inflammation.
Figure 3 shows FDG-PET before and after therapy with meth-
otrexate in a 63-year-old woman with CS and complete heart
block, demonstrating a significant decrease in FDG uptake
suggesting adequate response to therapy.

Combined Use of FDG-PET and CMR

Despite the respective limitations of FDG-PET and CMR im-
aging, the combination of both appears to have a complimen-
tary effect on strengthening the diagnostic likelihood of CS. A
2018 analysis reported on the diagnostic benefits of combin-
ing CMR and FDG-PET for the diagnosis of CS. The study

a Before methotrexate

retrospectively reinterpreted both CMR and FDG-PET scans
in a cohort of 107 patients, and blinded readers assigned a
likelihood of CS—no CS, possible CS, probable CS, or highly
probable CS—based on predefined criteria. Overall, 48 (45%)
patients were reclassified (compared with single modality im-
aging), with 32 of 48 being reclassified to higher overall like-
lihood and 11% were reclassified as having a highly probable
likelihood of CS. Endomyocardial biopsy was performed on
38 patients (35%), with 21 of these diagnosed as having high-
ly probably CS—with both abnormal FDG on PET and LGE
on MRI—however, only 3 had positive biopsies [14]. In their
joint procedural position statement, Slart et al. recommend
addition of FDG-PET to increase diagnostic accuracy and
confidence in setting of normal or equivocal CMR despite
high suspicion for disease [15]. Another study found that the
sensitivity for detecting CS was 0.85 for PET and 0.82 for
CMR, but that hybrid PET/CMR was superior with a sensi-
tivity of 0.94 [16].

Biomarkers

At this time, there are no biomarkers available to reliably
identify and monitor cardiac sarcoidosis activity. A 2018
study of 172 patients with diagnosed sarcoidosis compared
biomarkers between non-CS and CS patients, and found that
BNP was higher in the CS group, that BNP identified CS with
a sensitivity of 85%, and that BNP was a predictor of heart
failure among CS patients, with a hazard ratio of 7.84 [17].
Given their contribution to the development of several cardio-
vascular diseases, micro-RNA has been identified as a possi-
ble marker for CS, with one study indicating that serum miR-
126 and miR-223 could be potential diagnostic biomarkers for
CS [18].

Using TriNetX, a global health research network able to
perform real-time analyses on electronic medical records of
> 22 million patients from 19 health care organizations

b After 2 years of methotrexate

Fig. 3 FDG-PET of a 63-year-old female on methotrexate for cardiac
sarcoidosis before (a) and during (b) therapy with methotrexate for
2 years, exhibiting a significant decrease in FDG uptake in the heart

suggesting adequate response to therapy. The scan continues to show
FDG uptake in mediastinal lymph nodes

@ Springer
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predominantly in the USA, we analyzed C-reactive protein
(CRP) levels in 31,421 sarcoidosis patients [19]. We identified
2166 sarcoidosis patients with VT, CHB, HF, or arthritis.
Compared with a baseline cohort of patients with sarcoid ar-
thritis without symptomatic cardiac involvement, we found
that CRP is elevated in patients with sarcoidosis and VT or
heart failure compared with patients without active cardiac
sarcoidosis. The mean CRP in patients with VT was signifi-
cantly higher than the control group without VT (5.79 + 6.94
vs 4.13£5.73, p=0.0005). CRP was also elevated in patients
who had sarcoidosis with HF compared with patients without
HF (5.66 £6.66 vs 3.88+5.48, p<0.0001). There was no
significant difference in mean CRP in sarcoidosis with CHB
compared with control (4.67 +6.81 vs 4.18 +5.85, p=0.50).
This data suggests that innate immunity may play an impor-
tant role in cardiac sarcoidosis and could potentially be a di-
agnostic or therapeutic target going forward.

Endomyocardial Biopsy

EMB is a valuable means to obtain a histologic diagnosis of
CS; however, EMB is limited by low sensitivity, high false
negative rate, and complications associated with tissues sam-
pling including arrhythmias, conduction abnormalities, and
risk of cardiac tamponade. EMB is typically performed via
fluoroscopic or echocardiographic guidance. A study examin-
ing the efficacy of electrogram-guided EMB found that in
patients with suspected myocarditis or CS, abnormal or low-
amplitude electrograms increased the diagnostic yield for ab-
normal histopathological findings [20]. The HRS Consensus
Statement recommends that physicians consider using electro-
anatomic map or image guidance for EMB [2¢¢].

Management: Current Practice, Emerging
Therapies, and Evidence

Immunosuppression

Despite lack of survival benefit, corticosteroids are the main-
stay of treatment, while other immunomodulators are second
line for patients’ refractory to corticosteroids. While some
studies show improvement in or suppression of arrhythmias
after steroid therapy, data is conflicting. A retrospective study
assessing outcomes in 68 patients after initiation of steroid
therapy found that 20 of 68 (29%) experienced VTs, and
among those, 14 (70%) experienced VTs within the first
12 months after initiation of steroid therapy [21].
Steroid-sparing agents are utilized to minimize the adverse
side effect of steroids given the typically prolonged duration
of therapy for patients with CS. These medications include
disease-modifying anti-rheumatic drugs like methotrexate
and tumor necrosis factor alpha inhibitors like infliximab

@ Springer

[22]. Suggested algorithms propose addition of a second line,
steroid-sparing agent in situations where the disease relapse or
lack of improvement noted while on corticosteroid therapy.
Azathioprine and cyclophosphamide have also been used in
refractory cases [23].

Data regarding head to head comparison of corticosteroids
and immunosuppressants are sparse. One prospective open-
label study compared outcomes in CS patients receiving a
combination therapy of low-dose steroids and weekly metho-
trexate versus steroids alone. The authors found that at 3 years,
LVEEF, cardiothoracic ratio, and NT-proBNP levels were sta-
bilized in the combination therapy group, but not the steroids
alone group [22]. Data from the Cardiac Sarcoidosis
Consortium, an international multicenter CS registry, found
that of 318 CS patients, 84 (26.4%) were on steroids alone,
72 (22.6%) were on steroids and a steroid-sparing agent, and
31 (9.7%) were on steroid-sparing agent alone. Methotrexate
was the most commonly used steroid-sparing agent, but it
should be noted that the centers in the Consortium are pre-
dominantly high-volume sarcoidosis referral centers [24].

Conduction Abnormalities

Although cardiac sarcoidosis can affect any part of the con-
duction system, resulting in RBBB, LBBB, AV block of any
degree, and sinus node arrest, RBBB and AV block are much
more common. AV block is a major complication of CS, due
to the predilection for CS inflammation to affect the basal
interventricular septum and thus the conduction system. All
patients < 60 years of age who present with high-degree AV
block should be screened for CS. The 2014 HRS expert con-
sensus statement on arrhythmias associated with CS suggested
an algorithm for patients with unexplained Mobitz II or third-
degree AV block who are younger than 60 years. This includes
initial chest CT and/or advanced cardiac imaging with CMR
or FDG-PET, with reflex to biopsy for confirmation if imaging
is positive [2¢¢].

Corticosteroids have been the mainstay of treatment for
immunosuppression over the years. A meta-analysis showed
that 47% of patients treated with corticosteroids had AV re-
covery compared with 0% of those who were not [25].

Ventricular Arrhythmias

Antiarrhythmics have not been studied in randomized trials in
this population. It is our practice to commonly use sotalol and
amiodarone for ventricular arrhythmias, although amiodarone
should be used with caution given the common involvement
of the lungs and liver in sarcoidosis patients. Class IC antiar-
rhythmics including flecainide and propafenone should be
avoided in CS patients [2¢]. Catheter ablation can be useful
to suppress arrhythmic burden or to prevent recurrence of
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ventricular arrthythmia; however, the rates reported vary for
different endpoints and range from 25 to 100% [26, 27].

The role of corticosteroids on ventricular arrhythmia out-
comes remains unclear [21]. In CS patients with frequent
symptomatic VT and evidence of myocardial inflammation,
immunosuppression in combination with antiarrhythmic med-
ications can be useful to reduce VA burden [28]. A combined
treatment approach with steroids and antiarrhythmic medica-
tions, followed by radiofrequency catheter ablation if needed,
was successful in 63% of patients in one study [29]. The
efficacy of catheter ablation for VT in CS depends on the
defined endpoint. In a study by Muser et al., catheter ablation
in VT patients with CS resulted in long-term arrhythmia-free
survival in 40% of the patients; however, when evaluating
significant reduction in arrhythmic burden, up to 90% patients
had positive outcome [30]. Yalagudri et al. demonstrated that
tailoring approach to management of VT in CS patients to the
phase of disease can improve clinical outcomes. Eighteen pa-
tients with unexplained VT after ruling out other causes of VT
(including scar from ischemic cardiomyopathy, outflow tract
VT, fascicular VT) underwent FDG-PET CT scan. If there was
increased FDG uptake in myocardium, they were classified as
VT due to inflammation (N = 14). These patients were treated
with ICD, immunosuppression, and antiarrthythmics. If they
had recurrence and on repeat FDG-PET CT scan had in-
creased myocardial FDG uptake, their immunosuppression
was intensified. Patients who did not have myocardial FDG
uptake on initial PET CT scan (N =4) were treated with anti-
arrthythmics and ICD; if they did not have good clinical re-
sponse then underwent catheter ablation. Thirteen of the 14
patients in the myocardial inflammation cohort remained free
of VT at their last follow-up visit (mean 38.2 months). In the
VT due to myocardial scar cohort, all four patients had no
FDG uptake on initial PET CT and underwent ICD and anti-
arrthythmic drug therapy; however, all patients had VT recur-
rence and underwent catheter ablation [31¢].

Even though studies have demonstrated variable efficacy
for catheter ablations in management of VT in CS patients,
immunosuppression likely has a role if there is evidence of
active inflammation. The data from observational non-
controlled case series support the use of catheter ablation for
refractory VT in CS patients. When reduction of arrhythmia
burden is defined as an endpoint, the success rate of ablation is
observed to be around 88% with negligible increase in major
complication rates from the procedure [27]. If there is no ac-
tive inflammation in the myocardium, ablation should have an
earlier role in the treatment algorithm.

Risk Stratification for Sudden Cardiac Death
Identifying CS patients at risk for SCD remains a clinical

challenge. CS patients who have had SCD or sustained VT/
VF have a high risk of recurrent events and a class I indication

for ICD [2¢¢]. Left ventricular ejection fraction (LVEF) < 35%
is also associated with high rates of ventricular arrhythmias
and appropriate ICD therapies [32-34]. .In a multicenter ret-
rospective study of 235 CS patients, patients who received
appropriate ICD therapy had a lower mean LVEF (38.1%)
compared with those who did not receive an appropriate ther-
apy (48.5%). In addition, the mean LVEF was lower in pa-
tients who received > 5 appropriate ICD therapies (35.9 +
15.5) compared with patients who received <5 appropriate
ICD therapies (47.3 +£15.0) [32].

The 2014 HRS Expert Consensus Statement recommends
ICD implant for CS patients with an indication for permanent
pacemaker implantation [2¢¢]. This recommendation is sup-
ported by recently published Finnish data from the MIDFIN
database evaluating risk of sudden death and ventricular ar-
rhythmias in CS patients with AV block. While risk of SCD
and VA was highest in patients with prior VT or severe LV
dysfunction with EF <35%, CS patients with lone AV block
and normal LV function had a 9% risk of SCD and 24% risk of
SCD/VT at 5 years [35¢]. The 2018 ACC/AHA/HRS
Guideline on the Evaluation and Management of Patients with
Bradycardia and Cardiac Conduction Delay agreed with the
recommendation to implant an ICD in CS patients with an
indication for pacing. In CS patients with second- or third-
degree AV block who are on chronic stable doses of antiar-
rhythmic or beta blocker therapy, the experts feel it is reason-
able to proceed to permanent pacing without a drug washout
period [36].

Programmed electrical stimulation has been used as a way
to identify patients at risk for VT and SCD. However, it re-
mains unclear if it is more predictive than LVEF as the induc-
ibility of sustained ventricular arrhythmias inversely correlates
with LVEF [37]. Recent data evaluated the usefulness of risk
stratification with EPS, electrophysiology study in CS patients
with preserved LV and RV function and found that 6% of
patients (7 out of 120) had inducible VT on EPS and received
ICD. Three of these patients (43%) later received ICD thera-
pies for VAs. This data suggests that EPS can be a useful tool
in risk stratifying patients with CS with normal LV and RV
function as positive EPS can predict future VAs to a certain
degree [38].

Multiple studies have demonstrated that late gadolinium
enhancement is associated with increased all-cause mortality
and increased ventricular arrhythmias when compared with
those without LGE [7-9]. Quantity of LGE also appears to
be related to the risk of future SCD, for example, in one
study, absence of > 8% LGE of LV myocardium had a 95%
negative predictive value [39]. The presence of FDG uptake
and perfusion defects on PET is associated with higher risk
of death or VT [12]. RV involvement either noted via LGE
on CMR or FDG-PET strongly predicts ventricular arrhyth-
mias in patients with CS and is an independent predictor of
SCD or VT [12].

@ Springer



152 Page 8 of 10

Curr Cardiol Rep (2019) 21: 152

Indications for ICD Implantation

In patients with cardiac sarcoidosis and sustained VT or have
survived sudden cardiac arrest or have LVEF 35% or less
despite optimal medical therapy and a period of immunosup-
pression in the presence of active inflammation, ICD is a class
1 recommendation if expected survival is greater than 1 year
[2¢¢]. In patients with CS and LVEF greater than 35% with
syncope and/or myocardial scar by CMR and/or inducible
sustained ventricular arrhythmia on EPS and/or have indica-
tion for permanent pacing, ICD can be useful and is a class Ila
recommendation [2¢¢].

One important recommendation consistent across the
guidelines is that CS patients who require permanent pacing
for AV block benefit from ICD implantation. The 2014 HRS
Expert Consensus Statement and 2017 AHA/ACC/HRS
Guideline for Management of Patients with Ventricular
Arrhythmias and the Prevention of SCD both recommend
ICD implantation if there is an indication for permanent pace-
maker implantation (class Ila). More recent data by
Nordenswan et al. showed that AVB in the setting of CS is
not a benign entity. In patients with AVB and preserved EF (>
50%), the rate of SCD was 9% at 5 years and in patients with
AVB and mildly reduced EF (35-50%), the rate of SCD was
noted to be 14% at 5 years [35°].

A major difference between the HRS 2014 and 2017
Ventricular Arrhythmia guidelines is that the 2017 AHA/
ACC/HRS guideline recommends ICD implantation in pa-
tients with LVEF 35% or greater and concomitant evidence
of “extensive” myocardial scar by CMR or PET. Importantly,
how much LGE constitutes “extensive” scar was not defined
[28]. In contrast, for patients with normal LVEF, the 2014
consensus statement recommends considering CMR and if
positive, proceeding with EPS. If EPS is positive, ICD im-
plantation is recommended [2e°].

Isolated Cardiac Sarcoidosis

As the diagnosis of cardiac sarcoidosis has increased over the
years due to increased awareness of the disease and improved
diagnostic criteria, the phenomenon of isolated cardiac sar-
coidosis has been more and more recognized. Japanese CS
guidelines in 2017 were the first set of guidelines that incor-
porated criteria to diagnose isolated cardiac sarcoidosis.
Isolated cardiac sarcoidosis requires diagnosis of CS and ab-
sence of sarcoid involvement of any other organ [Se¢]. The
prevalence of isolated cardiac sarcoidosis varies and is report-
ed between 27 and 54% in different studies [40]. However, a
recent prospective single-center study assessed the rate of iso-
lated CS in patients who presented with clinical manifestation
of CS using whole body FDG-PET-CT. The study used a very
similar definition of isolated CS as the 2017 Japanese
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guideline. The study found that only 1/31 patient (3.2%) had
isolated CS. This is likely due to the highly sensitive diagnos-
tic method used in this study at picking up sarcoid involve-
ment of other organs, including lymph nodes. Adamson de-
scribed two patients who were initially diagnosed with isolat-
ed CS, who went on to develop extra-cardiac disease [41].
These results indicate difficulty in assessing prevalence of
isolated cardiac sarcoidosis. Further research is needed to de-
termine if isolated cardiac sarcoidosis is prognostically differ-
ent than systemic sarcoidosis with cardiac involvement. A
high index of suspicion is needed to make this challenging
diagnosis.

Future Research Imperatives

Awareness of cardiac sarcoidosis has increased significantly
in the past decade. In 2014, HRS published the first guidelines
to focus on arrhythmia diagnosis and management in this
challenging patient population [2¢¢]. Many important ques-
tions remain unanswered regarding the natural history of
CS; optimal diagnostic strategy; most effective treatment in-
cluding monitoring and duration; and ideal risk stratification
for sudden death. Highlighting the dearth of high-quality data
in this burgeoning field, none of the diagnostic schemes has
been prospectively studied or validated and no therapies have
been compared in a randomized controlled trial.

Several important endeavors are underway that we hope
will lead to a seismic shift in the understanding of cardiac
sarcoidosis in our lifetime. The Cardiac Sarcoidosis
Consortium, an international prospective registry, was created
in 2011 and currently has more than 500 patients enrolled
from more than 20 centers. The Canadian Cardiac
Sarcoidosis Research Group has a multicenter prospective co-
hort (CHASM-CS) with 1500 participants (NCT01477359).
Collaborative research groups such as these are key to moving
the field forward, but registry data have limitations of missing
data and heterogeneity of patients and treatment regimens.

The CHASM-CS RCT (NCT03593759) is the first ran-
domized controlled treatment study of CS, comparing initial
treatment of symptomatic CS with prednisone alone vs pred-
nisone with a rapid taper plus methotrexate for 6 months. This
ground-breaking trial has begun enrollment. Along with the
primary endpoint of summed perfusion rest score on FDG-
PET, the study will evaluate multiple secondary endpoints
including mortality, cardiovascular hospitalization, quality of
life scores, arrhythmia burden, and biomarkers. In addition to
leveraging international collaborations to perform head to
head comparisons of current therapies for CS, development
and identification of novel therapies are also needed. The MRI
Assessment of Granulomas in Cardiac Sarcoidosis — Anakinra
Randomized Trial (MAGiC-ART) (NCT04017936), a
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randomized controlled trial which will evaluate treatment of
CS with the IL-1 blocker anakinra, is in the pre-enrollment
phase.

Conclusion

Cardiac sarcoidosis occurs in up to 25% of patients with sar-
coidosis in other organs and can cause conduction abnormal-
ities, tachyarrhythmias, sudden death, and heart failure.
Diagnosis of cardiac sarcoidosis in the absence of systemic
involvement remains challenging. Increased awareness of CS
and an effort to simplify diagnostic criteria has led to increased
diagnosis over the last several years. There is increasing evi-
dence that CMR and FDG-PET can provide prognostic data in
CS patients. Increasing use of novel imaging modalities like
T1 and T2 CMR mapping to differentiate fibrosis from active
inflammation can potentially have an important role in diag-
nostic and management algorithm in future if studies validate
these techniques. Although prognosis of cardiac sarcoidosis
has improved over the years, disease-modifying therapies with
fewer side effects and further understanding and targeting the
role of immune system still remain important areas of re-
search. Multicenter research to accelerate understanding of
the disease process is key going forward.
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