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ABSTRACT
Sarcoidosis is an inflammatory multisystemic disease of unknown
etiology characterized by the formation of noncaseating epithelioid cell
granulomas. Cardiac sarcoidosis might be life-threatening and its
diagnosis and treatment remain a challenge nowadays. The aim of this
review is to provide an updated overview of cardiac sarcoidosis and,
through 10 practical clinical questions and real-life challenging case
scenarios, summarize the main clinical presentation, diagnostic
criteria, imaging findings, and contemporary treatment.
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R�ESUM�E
La sarcoïdose est une maladie inflammatoire multisyst�emique de
cause inconnue, caract�eris�ee par la formation de granulomes non
cas�eeux compos�es de cellules �epith�elioïdes. La sarcoïdose cardiaque
est une pathologie potentiellement mortelle qui demeure, à ce jour,
difficile à diagnostiquer et à traiter. L’objectif de cet article est de
pr�esenter les donn�ees les plus à jour concernant la sarcoïdose car-
diaque et de r�esumer, à l’aide de 10 questions cliniques et de cas
r�eels, la pr�esentation clinique, les critères diagnostiques, les trouvailles
à l’imagerie et le traitement contemporain.
Sarcoidosis is an inflammatory multisystemic disease of un-
known etiology characterized by the formation of non-
caseating epithelioid cell granulomas that affects the lungs and
the lymph nodes (LNs) in 90% of the cases but can also occur
in many other organs such as the heart.1 In the United States,
the annual incidence is approximately 10-40 per 100,000
people, African-American women between the age of 20 and
40 years being the most affected group.2 The hypothesis of
past exposure to an antigen (infectious, organic, or inorganic
agents) that triggered an abnormal immune response with the
formation of granulomas in different organs has been pro-
posed.3 Genetics and environmental factors have also been
suggested as possible modulators on the occurrence of the
disease.3-5 Although overlap frequently occurs, sarcoidosis is
believed to have 2 distinct clinical stages. There is an acute
inflammatory phase with the deposition of sarcoid granulomas
in 1 or more organs. These granulomas might then persist,
resolve, or lead to fibrosis.3 Fibrosis, representing the chronic
phase, is not present in all patients.

Cardiac Sarcoidosis
Cardiac sarcoidosis (CS) can be fatal, especially when not

recognized.6 Clinical manifestations of cardiac involvement
are present in approximately 5% of patients with systemic
sarcoidosis7; however, myocardial granulomas have been
found in up to 27% of specimens in autopsy studies.6
This is an open access article under the CC BY-NC-ND license (http://
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Consistent with this number, cardiac involvement is also
found in > 25% of patients when advanced cardiac imaging
modalities such as positron emission tomography (PET) or
cardiac magnetic resonance (CMR) are used.8

In the past 2 decades, the number of new cases of CS has
markedly increased. In Finland, the detection rate of CS
increased > 20-fold during the 25-year period of 1988-2012.9

As shown by the increasing publication of clinical studies and
use of specific cardiac imaging modalities, awareness of CS has
grown in recent years so that physicians are more prompt to
diagnose this disease.

Although the literature on CS is constantly evolving,
robust data are scarce and many questions remain unan-
swered. In this work we summarize the available published
information on CS and we also present a retrospective analysis
of 34 cases of histologically proven (n ¼ 29) or clinically very
probable (n ¼ 5) CS diagnosed at our institution over the past
10 years. Through clinical questions and case presentations,
we discuss the practical clinical key elements a cardiologist
should know about CS. We also propose several algorithms to
help clinicians properly manage this disease. Our algorithms
are on the basis of the most recent literature but have not been
validated prospectively.
1. What Are the 3 Most Frequent Clinical
Manifestations of CS?

Cardiologists might face 3 different scenarios when sus-
pecting CS. First, a patient might present with cardiac symp-
toms consistent with CS without known or clinically apparent
extracardiac sarcoidosis on the basis of clinical examination.
These patients can be classified as having a clinically isolated
CS.9,10 Of note, most of these patients will have evidence of
sarcoidosis outside the heart after investigations.9,11 Second, a
patient with known extracardiac sarcoidosis might present with
signs or symptoms consistent with cardiac involvement that will
lead to the diagnosis of CS. Finally, a patient with extracardiac
sarcoidosis who has no symptoms of cardiac involvement might
have evidence of CS on advanced cardiac imaging (CMR or
fluorodeoxyglucose [FDG]-PET). Clinically isolated CS rep-
resents approximately 60% of cases of CS and tends to have a
more dramatic presentation than CS associated with extrac-
ardiac manifestations.9 The 3 most frequent initial cardiac
presentations are discussed in the following sections. The
prognosis of patients with CS is highly driven by the type of
presentation, atrioventricular block (AVB) having a more
benign outcome than heart failure (HF).9,12-14 Of notice, more
than 1 feature of CS can be present at the time of diagnosis in
> 20% of patients.12

Atrioventricular block

AVB is the most frequent presentation of symptomatic
patients with CS. Up to 47% of patients will have clinically
relevant AVB as their initial presentation of CS9,10,12,15,16 and
up to 62% of patients will develop AVB during the course of
the disease.17 Case 1 is an example.

Case 1

In 2014, a 52-year-old man who came to the emergency
room (ER) for dyspnea evolving over weeks and a heart rate
(HR) of 47 bpm at rest. The resting electrocardiogram (ECG)
showed a 2:1 AVB and chest radiograph showed hilar aden-
opathy. Transthoracic echocardiogram (TTE) was normal. A
treadmill test was performed showing 2:1 AVB, and failure to
achieve maximal HR (50% of the predicted). Ischemia was
ruled out using PET myocardial perfusion imaging. A
computed tomography (CT) scan of the chest showed mul-
tiple hilar and mediastinal adenopathy compatible with
sarcoidosis. A CMR image and an FDG-PET scan were
compatible with pulmonary and CS. Finally, an endobron-
chial ultrasound (EBUS)-guided LN biopsy showed
granulomas compatible with sarcoidosis.

AVB from CS tends to occur at a younger age than AVB
from other etiologies.18 One prospective study of 32 patients
aged 18-60 years who presented with unexplained Mobitz II
or third-degree AVB with no history of sarcoidosis showed
that 34% of these patients were diagnosed with CS.19 Also, in
a Finnish retrospective study of 72 patients aged 18-55 years
who underwent pacemaker implantation for an unexplained
AVB, 19% of these patients eventually had a biopsy-proven
CS.20

Complete AVB is usually associated with a positive uptake
on nuclear test imaging suggesting that conduction abnor-
malities occur mainly in the active phase of CS.21 Also,
granulomas and fibrosis from CS can affect virtually any parts
of the conduction system leading to sinus node dysfunction or
arrest, AVB of any degree, right or left bundle branch blocks
(BBBs), incomplete BBB, hemiblocks, nonspecific interven-
tricular delay, or fragmented QRS.17,22,23

Ventricular tachycardia and sudden cardiac death

Ventricular tachycardia (VT) is the initial presentation in
29% of patients9,10,12,15,16 and might develop in up to 42%
of patients with CS.17 In a Canadian prospective study of 14
consecutive patients who presented with unexplained mono-
morphic VT, 4 (29%) had biopsy-confirmed CS.24 Also, an
American prospective study of 103 patients with ventricular
arrhythmias and unexplained reduced left ventricular ejection
fraction (LVEF) < 55% showed that 18 (17%) had biopsy-
proven CS.25

Multiple morphologies of inducible monomorphic VT is
frequent and most of these VTs come from the right
ventricle,26 sometimes mimicking arrhythmogenic right ven-
tricular cardiomyopathy.27,28 In a Finnish registry, many cases
of CS have also been initially misdiagnosed as giant cell
myocarditis.15 CS might also be misdiagnosed as idiopathic
VT especially in the absence of extracardiac symptoms.26

Polymorphic VT and cycle length variation during VT
might be more in favour of CS.29 VT tends to occur in the
fibrotic stage of CS and mainly results from reentry circuits
through regions of scars.26 Another suggested mechanism for
VT is abnormal automaticity from granulomas.26,30

Sudden cardiac death (SCD) might also occur as the initial
presentation of CS in patients who previously did not present
any signs or symptoms of CS. Ekstrom et al. showed that
SCD is the initial presentation in 14% of patients with CS
and is the mode of death in 80% of patients with CS.15

Supraventricular arrhythmias are usually not the main initial
presentation in CS but might develop in up to 32% of
patients.31,32



Table 1. Best evidence studies describing the initial presenting manifestation of cardiac sarcoidosis

Reference Patient group

Main initial presentation

AVB VT HF SCD Others

Ekstrom et al.15 Nationwide registries (1998-2015),
n ¼ 351

42 14 17 14 14

Nordenswan et al.16 Nationwide registries (1988-2015),
n ¼ 325

44 13 15 14 14

Fussner et al.12 2 academic medical centres in
Minnesota and Calgary (1994-
2014), n ¼ 91*

34 24 52 N/A 15

Kandolin et al.9 22 hospitals in Finland (1988-2012),
n ¼ 110

44 28 18 5 6

Kandolin et al.10 Single centre (2000-2010), n ¼ 55 47 29 16 4 4

Data are given in percentages.
AVB, atrioventricular block; HF, heart failure; N/A, not available; SCD, sudden cardiac death; VT, ventricular tachycardia.
* Twenty patients had more than 1 feature at presentation.

Table 2. CS criteria according to the Heart Rhythm Society39

A. Definitive diagnosis
Presence of noncaseating granuloma on histological examination of
myocardial tissue with no alternative cause identified (including negative
organismal stains if applicable)

B. Probable diagnosis
(a) Histological diagnosis of extracardiac sarcoidosis and
(b) One or more of the following is present

� Steroid with or without immunosuppressant responsive cardio-
myopathy or heart block

� Unexplained reduced LVEF (< 40%)
� Unexplained sustained (spontaneous or induced) VT
� Mobitz type II second-or third-degree heart block
� Patchy uptake on dedicated cardiac PET (in a pattern consistent

with CS)
� LGE on CMR (in a pattern consistent with CS)
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Heart failure

HF can be the initial CS presentation in 15%-
18%9,10,12,15,16 and develop in up to 30% of patients with
CS.17 Severe HF is probably the final stage of an unrecognized
and long-time evolving CS. In a series of 346 patients who
underwent heart transplantation (HT) for systolic HF, 10
(3%) had a diagnosis of CS made histologically at the time of
transplant or left ventricular assist device (LVAD) implanta-
tion. None were diagnosed before the surgery.33 Another
study of 177 patients who underwent LVAD implantation for
severe systolic HF showed that 6 (3.4%) had non-necrotizing
granulomatous inflammation compatible with CS in the
myocardial wall.34 Table 1 shows the best evidence studies
describing the initial presentation of CS.

Our experience

At our institution, 34 patients were diagnosed with CS of
which 17 (50%) had a clinically isolated CS. This is in
accordance with Okura et al.35 and with Kandolin et al. who
reported clinically isolated CS in 57% and 65% of patients,
respectively.9

In our series, the initial presentation of clinically isolated
CS was AVB in 9 (53%), VT in 3 (18%), HF in 2 (12%),
SCD in 1 (6%), and other conduction defects in 2 (12%;
Supplemental Table S1). These data are similar to the results
reported by Kandolin et al.9 Of note, CS diagnosis was
initially missed in 5 of our 9 patients who presented with
AVB. These 5 patients were younger than the age of 65 years
and had a dual-chamber pacemaker implanted for an
idiopathic AVB without further investigation. They later
presented with cardiac complications (VT, HF, or SCD) and
were then diagnosed with CS.

Seventeen (50%) patients diagnosed with CS had extrac-
ardiac disease manifestations and presented with non-life-
threatening conduction defects (41%) or arrhythmias (29%;
Supplemental Table S1). This might suggest that CS in pa-
tients known for extracardiac sarcoidosis tends to be diagnosed
at an earlier stage of the disease as reported in the literature.9
� Positive gallium uptake (in a pattern consistent with CS) and
(c) Other causes for the cardiac manifestation(s) have been reasonably

excluded

CMR, cardiac magnetic resonance; CS, cardiac sarcoidosis; LGE, late
gadolinium enhancement; LVEF, left ventricular ejection fraction; PET,
positron emission tomography; VT, ventricular tachycardia.
2. What Are the Diagnostic Criteria for CS?
The first criteria for CS were published in 1992 by the

Japanese Ministry of Health and Welfare and were upgraded
in 2006 and 2016.36 In parallel, the World Association of
Sarcoidosis and Other Granulomatous Disorders published
their criteria in 199937 with updates in 2014.38 Also, the
Heart Rhythm Society (HRS) published their consensus
statement on CS in 2014.39

According to the HRS criteria (Table 2), a histological
confirmation must be made either from a cardiac or extracardiac
site before confirming the diagnosis of CS.39 Histologic findings
usually reveal non-necrotic granulomas but there are no unique
histologic features that enable pathologists to differentiate
sarcoidosis from other granulomatous disease.40 The differential
diagnosis of non-necrotic granulomas is broad and includes
infectious disease such as tuberculosis and histoplasmosis, ma-
lignancy such as lymphoma, and many other granulomatous
diseases such as chronic beryllium disease41 or Wegener
granulomatosis.40 Hence, a complete history and physical
examination are important when sarcoidosis is considered.

Clinically isolated CS

In patients in whom clinically isolated CS is suspected,
chest CT scan with contrast for better assessment of
adenopathy and advanced cardiac imaging should be per-
formed.10,39,42 Performing CMR and FDG-PET scans should
be considered because many believe performing both imaging
modalities increases the diagnostic yield with the potential to
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reveal extracardiac disease and to guide for biopsies. Also,
performing both tests can be used to assess the stage of the
disease, fibrotic or inflammatory.43 If the chest CT and the
advanced cardiac imaging are normal, there is a low proba-
bility of CS and an alternative diagnosis should be considered.
Otherwise, if either the chest CT or the advanced cardiac
imaging is abnormal, a biopsy, ideally extracardiac, should be
performed.39 When the diagnosis of CS is made, screening of
extracardiac sites should be performed. As per the American
Thoracic Society (ATS) guidelines,40 patients with sarcoidosis
should get a baseline skin and eye examination to screen for
cutaneous and ocular sarcoidosis. Also, blood tests to screen
for renal, hepatic, hematological, and calcium abnormalities
are recommended.40 In Figure 1, we describe an algorithm to
diagnose clinically isolated CS.

CS with known extracardiac manifestations

Optimal screening for cardiac involvement in patients with
extracardiac sarcoidosis is still a matter of debate. Mehta et al.
reported a 100% sensitivity and 87% specificity for CS when
Clinic
isolate
suspe

CT of the
CMR / FDG

Finding co
with pulmon
cardiac sar

High probability of 
CS

Histopathology compatible 
with sarcoidosis ?

Biopsy
(ideally extracardiac)
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extracardiac sites

Yes

Diagnosis of CS

Yes

No

Figure 1. Algorithm to diagnose clinically isolated CS. CMR, cardiac magneti
fluorodeoxyglucose; PET, positron emission tomography. * Consider perform
fibrosis and inflammation and to guide biopsy. Consider a CT scan of the c
any of these 4 screening variables were abnormal: a history of
cardiac symptoms, ECG, Holter monitoring, and echocar-
diogram.44 In contrast, Hena et al. reported that ECG,
echocardiogram, and Holter monitoring remained normal in
56% of their patients who developed signs of CS on CMR,
supporting the use of advanced cardiac imaging for screening
of CS.45

The HRS consensus recommends performing a careful
history to identify palpitations, presyncope, or syncope, as
well as doing an ECG and echocardiogram for all patients
with extracardiac sarcoidosis to detect cardiac involvement.39

Advanced cardiac imaging should be made subsequently if
initial screening is abnormal. Figure 2 summarizes red flags on
initial screening that should warrant further investigations.
Recently, the ATS suggested not performing routine baseline
echocardiogram to screen for CS because of the lack of strong
evidence supporting this practice. However, the panel recog-
nizes that this test should be considered on a case-by-case
basis.40 If initial screening is normal, it might be reasonable
to follow these patients with a careful history and ECG every
ally 
d CS 
cted

 chest /
-PET-scan*
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ary and/or 
coidosis ?

Consider alternative 
diagnosis
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c resonance; CS, cardiac sarcoidosis; CT, computed tomography; FDG,
ing CMR and FDG-PET scan to increase diagnostic yield, to assess for
hest with contrast for optimal evaluation of adenopathy.



Echo findings 

ECG findings 

• LVEF < 50%† 
• Regional ventricular wall thickening†  
• Focal ventricular wall asynergy†  
• LV or RV dilatation 
• RV dysfunction in absence of PHT 

• Axis deviation† 

• Multifocal or frequent PVC† 
• Fragmented QRS complex‡ 

• ST/T wave abnormalities‡ 

• Prolonged PR interval‡ 

• Nonsustained 2nd or 3rd degree AVB 

• Others§ 

• Sustained 2nd or 3rd degree AVB*  
• Unexplained Q waves ≥ 2 leads*  
• RBBB or LBBB* 
• VT or NSVT* 

• LVEF < 40%*  

• Wall aneurysm* 
• Basal septum thinning* 
• Regional wall motion abnormality* 

- 

Advanced 
Cardiac  
Imaging 

+ 

- 

Figure 2. Red flags that should warrant further investigation in patients with extracardiac sarcoidosis. Advanced cardiac imaging is recommended
in the red panel and could be considered in the orange panel. AVB, atrioventricular block; ECG, electrocardiogram; Echo, echocardiography; HRS,
Heart Rhythm Society; LBBB, left bundle branch block; LV, left ventricle; LVEF, left ventricular ejection fraction; NSVT, nonsustained ventricular
tachycardia; PHT, pulmonary hypertension; PVC, premature ventricular contractions; RBBB, right bundle branch block; RV, right ventricle; VT,
ventricular tachycardia. *According to the HRS consensus. y Criteria for cardiac involvement of sarcoidosis as per Japanese guidelines.36 z

Associated with increased risk of developing cardiac events.51 x Atrial arrhythmias, junctional rhythm, chronotropic incompetence, incomplete
bundle branch block.
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year because CS might develop during the course of the
disease.

In 2017, the European Society of Cardiology (ESC) issued
recommendations for advanced cardiac imaging in patients
with extracardiac sarcoidosis in whom cardiac involvement
was suspected on the basis of history, ECG, Holter moni-
toring, or echocardiogram.46 The ESC and the ATS recom-
mend performing CMR before FDG-PET scan in patients
with extracardiac sarcoidosis with suspected cardiac involve-
ment.40,46 However, consideration should be made to include
these 2 tests to increase diagnostic yield and to assess for
fibrosis and inflammation. In Figure 3, an approach to
patients with extracardiac sarcoidosis and suspected cardiac
involvement is proposed.

Case 2 is an example of a patient known for pulmonary
sarcoidosis in whom CS was subsequently diagnosed.

Case 2

In 2018, a 63-year-old woman who was diagnosed with
pulmonary and ocular sarcoidosis proven using an EBUS-
guided LN biopsy. Her only complaint was dyspnea that
evolved over 1 year. ECG showed sinus bradycardia with a
200-msec PR interval and a left anterior hemiblock. TTE was
normal. Holter monitoring showed nonsustained VT and
multiple episodes of ventricular and atrial premature beats. A
CMR and FDG-PET scan confirmed CS.
3. In CS, What Are the Usual Findings on Chest
CT, ECG, and Echocardiogram?

Chest CT scan

A CT scan of the chest with contrast is suggested as an
initial investigation for patients in whom clinically isolated CS
is suspected.39 Russo et al. showed a sensitivity and specificity
of 94% and 86%, respectively, for chest CT in patients with
suspected clinically isolated CS because most patients have
lung or mediastinal involvement of sarcoidosis.47 However,
clinically isolated CS might occasionally be missed by CT scan
alone, especially in patients without extracardiac
involvement.47,48

Electrocardiogram

The sensitivity and specificity of ECG to detect CS in
patients with an extracardiac disease vary widely among
different studies depending on the selected criteria. For
example, Mehta et al.44 reported an 8% sensitivity and 97%
specificity when complete BBB, hemiblocks, or AVB was used
as criteria to predict CS whereas Schuller et al.49 reported a
90% sensitivity and 63% specificity using BBB and frag-
mented QRS (2 contiguous leads showing RSR’ patterns in
the absence of BBB) as criteria to predict CS. In the absence of
pathognomonic findings of CS on the ECG, most sarcoidosis
experts consider second- or third-degree AVB, BBB, atrial



Cardiac involvement suspected 
based on history, ECG or 
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Figure 3. Algorithm to diagnose CS in patients with known extrac-
ardiac sarcoidosis. CMR, cardiac magnetic resonance; CS, cardiac
sarcoidosis; ECG, electrocardiogram; FDG, fluorodeoxyglucose; PET,
positron emission tomography. * Consider performing CMR and FDG-
PET scan to increase diagnostic yield and to assess for fibrosis and
inflammation.
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arrhythmias, and ventricular ectopy to be ECG findings
indicative of CS in selected populations.50 In addition, Nagao
et al. showed that conduction disorders, ST segment/T wave
abnormalities, and fragmented QRS complex are associated
with an increased risk of developing cardiac events in
asymptomatic patients with extracardiac sarcoidosis and that
electrocardiographic abnormalities usually precede cardiac
events.51

Other tools such as Holter monitoring,44,52 signal-averaged
ECG,53 and Selvester QRS scoring54 have shown their
usefulness to screen for CS although they are not routinely
recommended in absence of symptoms such as palpitations,
presyncope, or syncope.39

Transthoracic echocardiography

In patients with extracardiac sarcoidosis, TTE is a useful,
noninvasive technique that might provide the first suspicion
of CS.55,56 However, its utility for screening is controversial57

because it is not sensitive enough to detect mild or small
localized abnormalities.58,59 Sensitivity and specificity have
been reported to be between 25% and 69%44,57 and 29% to
95%,57 respectively. Of notice even if speckle tracking echo-
cardiography seems to show incremental benefits, it is not
recommended for screening.60,61

Although not pathognomonic nor frequently encountered,
the most characteristic echocardiographic finding is basal
septal thinning with hyperechogenicity (Fig. 4). The most
frequent anomaly is still LVEF impairment. Many other ab-
normalities can be found, such as wall motion abnormalities,
right ventricular dysfunction, chamber enlargements, aneu-
rysm formation, diastolic dysfunction, or pericardial
effusion.55,56,61-63 Despite the potential value of all of these
TTE findings, patients with CS often have normal TTEs.64

Echocardiography is also useful because in patients with CS,
left ventricle (LV) end-diastolic diameter and systolic
dysfunction are independent predictors for mortality.64,65
Our experience

Among our 17 patients with clinically isolated CS, 16
(94%) had abnormalities on their ECG at the time of their
diagnosis. Among our 17 patients known for extracardiac
sarcoidosis, 15 (88%) had abnormalities on their ECG when
CS was diagnosed. Among them, 8 (53%) did not have any
cardiac symptoms and were diagnosed after an abnormal ECG
only (Supplemental Table S2).

Among our 17 patients with clinically isolated CS, 6 (35%)
had normal TTEs (Supplemental Table S3). Interestingly, all
patients who presented with AVB or conduction abnormal-
ities had a normal TTE whereas all patients who presented
with VT, HF, or SCD had an abnormal TTE. Among our 17
patients known for extracardiac sarcoidosis at the time of their
diagnosis, 13 (76%) had a completely normal TTE
(Supplemental Table S4). In our entire cohort, 19 patients of
34 (56%) had normal TTE when CS was diagnosed. Our
results and studies from others9 support the fact that patients
with clinically isolated CS tend to present with a more
advanced disease.
4. In CS, What Are the Usual Findings on
Advanced Cardiac Imaging?

Cardiac magnetic resonance

CMR is an excellent imaging modality for patients with
suspected CS to evaluate the myocardium and the presence of
fibrosis (Fig. 4).66 Zhang et al. reported in a meta-analysis that
CMR had a 93% sensitivity and 85% specificity to detect
CS.67 When studies before 2011 were excluded, the sensitivity
and specificity increased to 95% and 92%, respectively, sug-
gesting that the diagnostic accuracy of CMR has improved
over time.67

CMR findings can vary and change with the evolution of
the disease, being able to detect inflammation during the
acute phase, and fibrosis in a more advanced stage, although
these 2 features might frequently overlap.68 During the acute
phase, inflammation and edema can be seen as areas of focal
wall thickening associated with wall motion abnormalities,
along with increased signal intensity areas in T2-weighted
images. Hyperintense regions in early gadolinium enhance-
ment phase might also be identified.62,64,69-72

Furthermore, late gadolinium enhancement (LGE) and
multiparametric magnetic resonance imaging (MRI) enables
myocardial tissue characterization and visualization of
myocardial fibrosis, methods that help differentiate an
ischemic vs nonischemic etiology.66 Although subendocardial
distribution has been described (mimicking ischemic disease),
typical LGE pattern involves mid- and epicardial myocar-
dium.71,73 The most commonly affected areas are the basal
segments, particularly the septum and lateral segments,
concordant with the TTE findings.74

Nuclear medicine

PET scan is the best available tool to detect the active
inflammatory phase of sarcoidosis (Fig. 4) and has been shown
to be superior to Gallium-67 scintigraphy.46,75 PET scan is
also highly valuable to diagnose CS. A meta-analysis reported
a sensitivity and specificity of 89% and 78%, respectively.76



Figure 4. Findings on echocardiogram, cardiac magnetic resonance, and FDG-PET scan consistent with cardiac sarcoidosis. (A) Echocardiogram
showing basal septum thinning. (B) Cardiac magnetic resonance showing subepicardial late gadolinium enhancement in the septum and right
ventricle free wall. (C) FDG-PET scan showing focal uptake of FDG on the inferoseptal and lateral walls of the left ventricle. FDG, fluorodeoxyglucose;
PET, positron emission tomography.

538 CJC Open
Volume 3 2021
However, the range of reported sensitivities might vary from
79% to 100%, reflecting the heterogeneity regarding the
population and the threshold to diagnose CS among the
different studies.76 It could be assumed that PET scan
sensitivity is probably higher in the acute active phase of CS
and lower in the chronic fibrotic phase. Of notice, 2 studies
reported a higher sensitivity of PET scan compared with
CMR to diagnose CS.44,77,78

The marker of choice is FDG, a glucose analogue that is
uptaken by cells with high metabolic activity such as those
found in granulomas.75 To reduce the physiologic uptake of
FDG by cardiomyocytes, the patient should eat at least 2 high
fat and low carbohydrate meals (Atkin’s diet) the day before
the study and then fast for at least 12 hours.79 Nonadherence
to this diet might lead to false positive results as described in
case 3. In addition, heparin is often administered to reduce
the physiologic FDG suppression.79

The FDG-PET images can be classified into 4 patterns:
“none,” “diffuse,” “focal,” or “focal on diffuse.”80 “Focal” or
“focal on diffuse” sometimes referred to as “patchy” or het-
erogeneous uptake is typical of CS and is mostly seen in the
basal segment of the LV (septal and lateral walls). High
standardized uptake value (SUV) count is also highly associ-
ated with CS.81 However, there is no pathognomonic pattern
for CS and other pathologies might also show FDG uptake by
the myocardium such as myocarditis, ischemia, or hibernating
myocardium.

Case 3

In 2012, a 49-year-old woman who was diagnosed with
pulmonary sarcoidosis, confirmed on EBUS-guided LN
biopsy. Initial investigations did not show any evidence of
cardiac involvement. Six years later, she developed a left BBB.
The treating physician decided to screen for cardiac involve-
ment using FDG-PET scan before CMR. The PET scan
showed anterolateral wall hypermetabolism, a common false-
positive variant. The patient later confessed not to have
respected Atkin’s diet. CMR did not display edema nor LGE.
A control PET scan with proper Atkin’s diet did not show any
cardiac uptake, confirming that the first test was a false
positive result.
CMR vs nuclear medicine

CMR and FDG-PET scan offer complementary informa-
tion on the disease’s stage and prognosis and consideration
should be given to perform both tests whenever possible in
patients in whom CS is highly suspected or diagnosed.43 In a
cohort of 51 patients suspected of having CS, hybrid PET/
CMR imaging was superior for detecting CS than both tests
alone.43 Moreover, combining both tests might allow the
cardiologist to confirm the diagnosis in unclear situations.82

The PET scan is better at detecting the active and in-
flammatory phase of CS and, thus, helps in decision-making
on whether or not an immunosuppressive treatment should
be started.46 It is also better in detecting extracardiac activity,
which is present in 97% of patients with CS.83 Furthermore,
it is an excellent method to monitor therapy. Repeat PET scan
allows for assessment of treatment response and can help to
adjust immunosuppression.75,84-86 One study also showed
that a reduction in FDG uptake was associated with an
increase in LVEF.87 There are scarce data supporting the use
of PET scan for risk stratification in patients with CS
although one study showed a significant association between
SUV count at the time of diagnosis and future cardiac
events.88

CMR is the modality of choice to detect the chronic
fibrotic phase and to quantify the degree of fibrosis and
myocardial scar, which are independent predictors of cardiac
death in patients with CS.89 In a meta-analysis of 760 patients
with known or suspected CS, LGE on CMR was associated
with increased mortality and ventricular arrhythmias.90

Another meta-analysis including 694 patients showed an
8.8% annualized incidence of death or ventricular arrhythmias
among patients with LGE vs 0.6% in those without LGE,
confirming the utility of CMR to assess prognosis.91

Our experience

In our cohort, 23 patients (68%) had CMR imaging and
FDG-PET scan (Supplemental Tables S5 and S6). In 12 of
them, CMR and cardiac FDG-PET scan showed comple-
mentary information; 8 patients had LGE on CMR consistent
with CS in the absence of FDG uptake and 4 had normal
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CMR with abnormal FDG uptake consistent with CS. Cases
4 and 5 are 2 examples to illustrate the usefulness and
limitations of the FDG-PET scan and CMR imaging in the
diagnosis of CS. It also shows the importance of considering
another advanced cardiac imaging method when there is a
high clinical suspicion of the disease. In case 4, the patient was
in the chronic fibrotic stage of CS and had developed VT due
to myocardial scars. Thus, no inflammation was seen on the
FDG-PET scan. In case 5, the patient was in the inflamma-
tory phase of CS and had not yet developed fibrosis from
his CS.

Case 4

In 2013, a 52-year-old woman was diagnosed with pul-
monary sarcoidosis, confirmed using EBUS-guided LN
biopsy. No treatment was administered. Four years later, in
2017, she presented with symptomatic VT at 200 bpm. CS
was suspected and CMR showed intramyocardial LGE on the
basal septal and inferior walls of the LV with a degree of
fibrosis estimated at 7%. The FDG-PET scan did not show
any evidence of active CS.

Case 5

In 2006, a 34-year-old man was diagnosed with pulmonary
and pleural sarcoidosis confirmed using LN biopsy. Nine years
later, in 2015, he presented with atypical chest pain and
dyspnea. ECG showed nonspecific ST segment and T wave
abnormalities. However, TTE, nuclear stress test for ischemia,
and CMR were normal. FDG-PET scan showed multiple
hypermetabolic adenopathy with a maximal SUV count of 12.
There were also focal hypermetabolic uptakes in the lungs and
a right pleural effusion. There were focal on diffuse FDG
uptake in the heart mainly involving the lateral wall of the LV
with a SUV count up to 6. On the basis of the FDG-PET
scan findings, the patient was treated with immunosuppres-
sive therapy.
5. What Should You Do When Clinically Isolated
CS Is Highly Suspected With a Negative Biopsy
Result?

One challenging situation that might occur is when a
patient has a classical presentation of clinically isolated CS
with imaging suggestive of extracardiac and CS but the biopsy
comes back normal. Case 6 is an example.

Case 6

In 2017, 57-year-old woman who came to the ER for
palpitations and sustained VT. The LVEF was 45% and the
coronary angiogram was normal. FDG-PET scan showed
multiple highly hypermetabolic hilar, mediastinal, and
abdominal adenopathy with a hypermetabolic thyroid
consistent with systemic sarcoidosis. There was no myocardial
FDG uptake. CMR imaging showed edema and subepicardial
LGE on the basal anterior and anterolateral walls of the LV.
All biopsies were normal (3 EBUS-guided LN, 1
transbronchial, 1 thyroid, and 1 cardiac). The patient had a
presumptive diagnosis of systemic sarcoidosis with cardiac
involvement. Finally, she underwent a mediastinoscopy with
biopsy of mediastinal LNs, which revealed sarcoidosis.
Case 6 illustrates the importance of repeating biopsies to
increase its diagnostic yield when there is a high suspicion of
CS. It also shows the possible usefulness of performing CMR
and FDG-PET scan when CS is highly suspected.

Although endomyocardial biopsy (EMB) is mandatory for
a definitive CS diagnosis, it has a low sensitivity (20%-
30%).92,93 The low sensitivity is due to the patchy distribu-
tion of the granulomas and their usual location in the basal
septum or the lateral wall of the LV whereas biopsies are
usually taken on the distal septum or the lateral wall of the
right ventricle.18 Because it has a low sensitivity and is
associated with risks, extracardiac biopsies of low-risk sites
(eg, LNs, lungs, skin) are favoured over EMB whenever
possible.

Petek et al. showed that among a population of patients
not known for sarcoidosis who presented cardiac manifesta-
tion and abnormal cardiac imaging consistent with CS (active
inflammation on nuclear imaging or LGE on CMR imaging
with the exclusion of other possible causes) in whom clinically
isolated CS was suspected, a diagnosis of sarcoidosis was made
in 58% of patients who underwent lung or LN biopsy
irrespective of the degree of lung involvement on chest CT
imaging.48 Moreover, bronchoalveolar cellular analyses were
suggestive of sarcoidosis in 67% of their patients.48 Among
patients with stage 0 sarcoidosis (normal CT scan), 40% had
an abnormal transbronchial biopsy but none had EBUS-
guided LN sampling performed.

In patients with a normal CT scan in whom clinically
isolated CS is suspected, we suggest performing FDG-PET
scan to find potential sites of biopsy. In the absence of
extracardiac sites, transbronchial/endobronchial biopsies with
or without EBUS-guided LN biopsy could be considered,
although there is not strong evidence supporting this approach
in the literature.48 In addition, bronchoalveolar lavage should
be considered because lymphocytosis � 25% with an
increased CD4/CD8 ratio is associated with sarcoidosis.94

Also, performing biopsies before introducing immunosup-
pression probably decreases the chance of getting a false
negative result.

In case the initial extracardiac biopsy is normal, it could be
reasonable to repeat the biopsy or to biopsy another easily
accessible site guided by FDG-PET scan (Fig. 5). Another
option is to perform a sampling of a mediastinal LN via
mediastinoscopy that appears abnormal on PET imaging.40,95

In patients with 2 normal biopsy results in whom CS is highly
suspected, it could be reasonable to rule for “possible CS.”
Ruling out other causes is of prime importance because of the
dramatic consequences that could occur if CS is missed. Of
note, the recently updated Japanese guidelines on CS propose
clinical criteria to pose the diagnosis of CS without tissue
sampling.36

Our experience

Among our 17 patients with clinically isolated CS, 16 had at
least 1 biopsy and 1 refused a biopsy. Fifteen patients had an
EBUS-guided LN biopsy and/or transbronchial/endobronchial
biopsy of which 9 (60%) were consistent with sarcoidosis. Four
patients had a cardiac biopsy of which 1 (25%) was consistent
with CS. Mediastinoscopy with biopsy of adenopathy was
performed in 1 patient and was consistent with sarcoidosis. One
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patient who had a EBUS-guided LN biopsy that was normal
was finally diagnosed with CS at autopsy. Two patients had
thyroid and liver biopsies that were normal. A diagnosis of
“possible CS” was made in 5 patients despite normal biopsy
results because their clinical presentation and cardiac imaging
were highly suggestive of CS.
6. What Should You Do When Clinically Isolated
CS Is Suspected in Patients Who Present With
Unstable AVB Preventing Advanced Cardiac
Imaging?

The management of patients with unstable AVB requiring
emergency pacing is challenging because safe CMR and/or
FDG-PET scan often cannot be performed before device
implantation. Patients with CS have a class IIa recommen-
dation for an implantable cardioverter-defibrillator (ICD)
when a pacemaker is indicated whatever the ejection fraction.
This stresses the importance of confirming CS whenever it is
possible before device implantation.39,96 Case 7 is an example.

Case 7

In 2018, a 43-year-old man who was admitted for dyspnea
and lightheadedness. ECG showed sinus bradycardia at 57
bpm with a 400 msec PR interval. Two episodes of Mobitz II
were also seen on telemetry. TTE and coronary angiogram
were normal. The patient eventually developed a high-grade
AVB with 5 consecutive blocked P waves associated with
hypotension. A temporary pacemaker was implanted followed
by an emergency permanent MRI-safe pacemaker. Two days
later, an FDG-PET scan was consistent with systemic and CS.
The CMR imaging was to be delayed because the device
implantation was too recent. A transbronchial biopsy revealed
the presence of noncaseating granulomas. The final diagnosis
was sarcoidosis with cardiac involvement.

In a specific population (young age and other causes of
AVB excluded), we suggest inserting a temporary pacemaker,
ideally a screw-in-lead pacemaker for better stability, and to
perform a chest CT scan with contrast and, when possible, an
FDG-PET scan (Fig. 6). If FDG-PET scan and/or CT scan is
compatible with sarcoidosis, a presumptive diagnosis of CS
should be made even if the biopsy is to come and a permanent
pacemaker-defibrillator MRI-safe should be implanted. If the
CT scan and the FDG-PET scan are normal, it could be
reasonably assumed that AVB is not caused by CS and
inserting a permanent MRI-safe pacemaker is suggested. In
both cases, an MRI-safe device should be implanted because
CMR should be performed in the following weeks to
definitely exclude CS. An EBUS-guided LN biopsy should
also be performed when the patient is stabilized if the chest
CT scan and/or the advanced cardiac imaging is consistent
with sarcoidosis.



Table 3. Specific recommendations regarding immunosuppression
and implantable cardioverter-defibrillator for patients with CS
according to the HRS39 and the AHA96

Immunosuppression
2014 HRS - Immunosuppression can be useful in patients with evidence
of myocardial inflammation* and 1 of the following:
� Mobitz II or third-degree AVB (IIa)
� Frequent ventricular ectopy or nonsustained VTy (IIa)
� Sustained ventricular arrhythmiasy (IIa)
Consider immunosuppression in patients with or without left ventricular
dysfunction and evidence of significative myocardial inflammation on
FDG-PET scan or CMR

Implantable cardioverter-defibrillator
2014 HRS and 2017 AHA: ICD is reasonable in patients with 1 or more
of the following:

� Indication of permanent pacemaker implantation (IIa)
� Unexplained syncope or near-syncope believed to be arrhythmic in

etiology (IIa)
� Inducible sustained ventricular arrhythmias (> 30 seconds of mono-

morphic VT or polymorphic VT) or clinically relevant VF (IIa)
2017 AHA: ICD is reasonable in patients with

� Evidence of myocardial scar according to CMR and/or PET
scanz(IIa)

2014 HRS: ICD may be considered in patients with
� LVEF 36%-49% and/or RVEF < 40% despite optimal medical

therapy for HF and a period of immunosuppression (if there is active
inflammation) (IIb)

2014 HRS: Device implantation can be useful
� In CS patients with an indication for pacing even if the AVB reverses

transiently (IIa)

AHA, American Heart Association; AVB, atrioventricular block; CMR,
cardiac magnetic resonance; CS, cardiac sarcoidosis; FDG, fluorodeox-
yglucose; HF, heart failure; HRS, Heart Rhythm Society; ICD, implantable
cardioverter-defibrillator; LVEF, left ventricular ejection fraction; PET, posi-
tron emission tomographic; RVEF, right ventricular ejection fraction; VF,
ventricular fibrillation; VT, ventricular tachycardia.

*On advanced cardiac imaging (FDG-PET-scan or CMR).
yThis recommendation is not supported by strong data.
z Percentage of myocardial scar not specified.
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7. What Is the Role of Immunosuppressive
Therapy in CS?

Immunosuppression with prednisone is the gold standard
for the treatment of CS although optimal medical manage-
ment remains unknown because most studies are small and
retrospective.8 Immunosuppression aims to improve clinical
symptoms by controlling inflammation and preventing
fibrosis and decline in cardiac function. Corticosteroids reduce
inflammation and SUV count on FDG-PET scan and might
improve conduction abnormalities.75,97 Yodogawa et al. re-
ported that early initiation of corticosteroids resulted in AVB
recovery in some patients.98 Similarly, Sadek et al. reported in
a systematic review of 10 studies that 47% of patients treated
with corticosteroids improved their atrioventricular
conduction compared with 0% when not administered.99 The
authors could not conclude on the effects of corticosteroids on
LVEF and ventricular arrhythmias.99

The effect of corticosteroids on LV dysfunction and ven-
tricular arrhythmias is not well established, because many
studies showed conflicting results.99 Chiu et al. reported
preservation of cardiac function with corticosteroids in pa-
tients with LVEF > 55%, improvement in cardiac function in
patients with LVEF 30%-54%, and no effects in patients with
LVEF < 30%.83 Likewise, Nagai et al. reported that corti-
costeroid therapy was associated with an increase in LVEF and
fewer long-term adverse events such as cardiac death,
symptomatic arrhythmias, and HF admission.97 In contrast,
Kandolin et al. showed in a retrospective study of 110 patients
with CS that immunosuppression improved cardiac function
even when LVEF was severely impaired (LVEF < 35%).9

However, another 91 patients in a retrospective study by
Fussner et al. did not show any benefits on LVEF nor on the
composite end points consisting of ventricular assist device
implantation, heart transplantation, or death in patients
treated with corticosteroids.12 Conflicting results from
different studies suggest that there must be a subgroup of
patients with HF more likely to respond to therapy. Large
prospective randomized controlled trials are necessary to
identify this subgroup of patients.

Of notice, there is no clear evidence that corticosteroids
reduce the burden of VT in patients with CS because most
trials included patients who were receiving anti-arrhythmic
drugs and corticosteroids.100,101 Moreover, Medor et al.
reported a threefold increase in premature ventricular
contraction and a significant increase in nonsustained VT
after initiating corticosteroids compared with pretreatment in
patients with symptomatic CS and active inflammation on
PET scan.102 This was in accordance with the study of Banba
et al.21 Of note, Yodoga et al. reported no significant differ-
ence in the number of premature ventricular contractions and
nonsustained VT after initiating corticosteroids in their entire
cohort but most patients included did not present active
inflammation on nuclear imaging.103

Methotrexate can be used as a second-line therapy when
corticosteroids are not effective or if there are significant side
effects. One study showed that the combination of low-dose
prednisolone with methotrexate stabilizes cardiac func-
tion.104 Whether methotrexate should be given systematically
to all patients with CS to allow effective corticosteroid
weaning, remains to be determined. Treatment with other
immunosuppressive agents such as cyclophosphamide,
infliximab, rituximab, and mycophenolate mofetil has been
reported but the evidence supporting the use of these drugs is
low and they should not be used as initial therapies.17,105-108

It is unclear whether we should treat all patients with CS or
only those with clinical manifestations.8 According to the
HRS consensus, immunosuppression should be considered
when there is evidence of myocardial inflammation and the
patient either has a Mobitz II, third-degree AVB, frequent
ventricular ectopy, nonsustained VT, or sustained ventricular
arrhythmias (Table 3).8,39 In addition to these recommen-
dations, Birnie et al. suggest considering immunosuppression
in patients with left ventricular dysfunction and evidence of
myocardial inflammation.8 More studies are needed to decide
whether asymptomatic patients with CS who present only
with mild ECG, TTE, or advanced cardiac imaging
abnormalities should be treated. In our institution and others,
patients with severe cardiac inflammation are generally treated
with immunosuppression regardless of left ventricular
function.

When treatment is indicated, early initiation of cortico-
steroids is associated with better outcomes on cardiac function
and rhythm disturbances compared with delayed treat-
ment.109 The optimal dose and duration of treatment with
corticosteroids are not well established. Most experts recom-
mend starting with a dose of 0.5 mg/kg/d with a maximum
dose of 30-40 mg/d8 because no differences in outcomes have
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week.
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been reported with higher doses.110 Some studies suggest that
long-term therapy in patients with CS is often necessary.
Discontinuation of corticosteroids might be associated with
poor clinical outcomes consisting of increased mortality and
LV function deterioration.111 For patients in whom long-term
therapy with prednisone is considered, the prevention of
osteoporosis is important.112 Methotrexate is usually started at
a dose of 10-15 mg orally or subcutaneous once per week and
can be increased to 20-25 mg orally or subcutaneous once per
week. Before introducing methotrexate, screening for tuber-
culosis and hepatitis B and C viruses should be performed and
vaccines should be administered according to current guide-
lines.113 Also, complete blood count, liver function tests, and
creatinine level should be obtained at baseline and monitored
according to current guidelines.113 Figure 7 shows a practical
approach to the treatment and follow-up of CS, adapted from
Birnie et al.39 and the ESC recommendations.46 The next 2
cases illustrate the complexity of CS treatment.

Case 8

In 2014, a 52-year-old man was diagnosed with cardiac
and pulmonary sarcoidosis. Because the patient had an
advanced AVB and an FDG-PET scan showing significant
heart uptake and edema on CMR images, implantation of an
ICD and immunosuppressive treatment were recommended.
To taper off corticosteroids, methotrexate was initiated.
During follow-up, only 1% ventricular pacing was recorded,
consistent with AVB recovery. A control FDG-PET scan was
performed 6 months after treatment, showing no metabolic
activity and accordingly, down-titration of corticosteroids was
continued. A year later, off treatment, FDG-PET scan showed
recurrence of the disease with hypermetabolic adenopathy and
heterogeneous FDG uptake by the myocardium. Metho-
trexate dosage was increased and corticosteroid treatment was
resumed. A follow-up FDG-PET scan was normal.

Case 9

In 2016, a 73-year-old man was admitted for congestive HF
and decreased LVEF. He had been diagnosed with idiopathic
dilated cardiomyopathy 3 years earlier. At the time of admis-
sion, the ECG was normal. The chest radiograph and chest CT
scan showed prominent adenopathy, therefore EBUS-guided
LN biopsy was performed, confirming the diagnosis of pul-
monary sarcoidosis. TTE showed a 35% LVEF. CMR showed
diffuse intramyocardial LGE all along the anterior, septal, and
inferior walls with a nonischemic pattern with no edema.
Moreover, FDG-PET scan showed high metabolic uptake in
supraclavicular, cervical, and mediastinal regions, and hilar
adenopathy with no cardiac uptake. No immunosuppressive
treatment was started but HFmedication was initiated. During
follow-up, his LVEF improved to 45% and to date no
ventricular arrhythmias have been documented.
8. How to Manage AVB and/or Ventricular
Arrhythmias in Patients With CS?

AVB

Although AVB might reverse with immunosuppression,
the long-term outcome is unpredictable and recurrence can
occur. Additionally, AVB in patients with CS has a worse
prognosis compared with those with other etiologies. Nor-
denswan et al. showed a 5-year risk of 24% for SCD or VT in
a group of 90 patients who presented solely with AVB as their
initial CS manifestation.16 Similarly, a Finnish retrospective
study of 72 patients showed 39% had major adverse cardiac
events (MACE; ventricular fibrillation, VT, cardiac death, or
heart transplantation) in the group with AVB caused by CS or
giant cell myocarditis compared with 2% in the group of
patients with idiopathic AVB.20 A prospective Canadian study
of 32 patients who presented with AVB who were followed for
21 months showed that MACE (sustained VT, HF, heart
transplantation, LVAD insertion) occurred in 27% of patients
with AVB secondary to CS compared with 0% of patients
with idiopathic AVB.19 In addition, among a Japanese cohort
of 22 patients with AVB caused by CS, 55% had MACE
(ventricular fibrillation, sustained VT, or HF) during follow-
up.14 It is therefore recommended to implant a permanent



Table 4. Ten questions cardiologists should be able to answer about
CS

1. Three most frequent manifestations
AVB
VT (including SCD)
HF

2. Diagnostic criteria
Positive cardiac Bx or
Positive extracardiac Bx with:

� Compatible imaging or
� Classical manifestation

3. Findings on chest CT imaging, ECG, and TTE
Lung and mediastinal involvement
AVB, BBB, atrial arrhythmias, and ventricular ectopy
Basal septal thinning with hyperechogenicity

4. Findings on advanced cardiac imaging
LGE with epicardial/midmyocardial distribution involving the LV
basal segments of the lateral and septal walls (CMR)
“Patchy” FDG uptake involving the LV basal segments of the lateral
and septal walls (FDG-PET scan)

5. What to do with negative biopsy?
Repeat biopsy on the basis of FDG-PET scan findings
Consider a diagnosis of “possible CS”

6. Unstable AVB
Temporary pacemaker
Chest CT and/or FDG-PET scan
ICD if imaging compatible with sarcoidosis

7. Role of immunosuppression
Inflammation and

� AVB or
� Ventricular arrhythmias or
� HF

Significant inflammation with or without LV dysfunction
8. AVB and ventricular arrhythmias

ICD if Mobitz II or third-degree AVB regardless of LVEF
Consider extent of fibrosis and inducibility of arrhythmias when
deciding to implant an ICD

9. HF treatment
Standard HF guidelines including resynchronization and HT

10. How unrecognized CS will evolve?
Severe systolic HF
SCD

AVB, atrioventricular block; BBB, bundle branch block; Bx, biopsy; CMR,
cardiac magnetic resonance; CS, cardiac sarcoidosis; CT, computed tomogra-
phy; ECG, electrocardiogram; FDG, fluorodeoxyglucose; HF, heart failure;
HT, heart transplantation; ICD, implantable cardioverter-defibrillator; LGE,
late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular
ejection fraction; PET, positron emission tomographic; SCD, sudden cardiac
death; TTE, transthoracic echocardiogram; VT, ventricular tachycardia.
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pacemaker and an ICD in all patients with proven CS who
have an indication for pacing even those with transient
reversal of the AVB (Table 3).

Ventricular arrhythmias

CS might not behave like other cardiomyopathies and the
risk of fatal arrhythmias remains high even though the LVEF
is > 35%.114 A study of 235 patients with CS reported
appropriate ICD therapies for secondary prevention in-
dications in 61% of patients compared with 24% for primary
prevention indication. Interestingly, these patients were
properly treated with b-blockers, antiarrhythmic drugs, and/or
immunosuppressive therapy.115 Another study of 29 patients
with CS who had an ICD implanted for primary prevention
(up to 10-year follow-up), showed that 27.6% had
appropriate ICD therapies and of those, 41% had an
LVEF > 35%.116

General guidelines regarding ICD implantation also apply
to patients with CS. Patients with LVEF � 35% despite
optimal medical therapy (including a period of immunosup-
pression if there is active inflammation) and patients with
spontaneous sustained ventricular arrhythmias including pre-
vious cardiac arrest have a class I indication for an ICD.39,96

Specific recommendations for patients with CS are
summarized in Table 3.

In patients with normal LVEF, it could be reasonable to
perform CMR and to implant an ICD if there is significant
fibrosis because it predicts adverse outcomes.91,96,117 Kaz-
mirczak et al. reported that an LGE cutoff of 5.7% in patients
without a class I indication for an ICD predicts the composite
end point of significant ventricular arrhythmias or SCD with
an 83% sensitivity and a 95% specificity.118 However, more
studies are needed to confirm these data. Equally, in patients
with normal LVEF but significant fibrosis, it could be
reasonable to perform an electrophysiological study and to
implant an ICD if sustained ventricular arrhythmias are
inducible.96,119,120

Antiarrhythmic drugs such as b-blockers, amiodarone, and
sotalol might be considered, but care should be taken in
patients with pulmonary sarcoidosis before initiating amio-
darone, because of its pulmonary side effects.39 Class I anti-
arrhythmic drugs should be avoided because CS is often
associated with myocardial scars.39 In some cases, catheter
ablation has been shown to be effective101,121 but is associated
with a significant recurrence rate.26,122

9. How to Manage Advanced HF in Patients
With CS?

HF is seen in 10%-40% of CS cases,123,124 leading to a
poor prognosis with a 10-year transplantation-free survival of
53%.9 Different consensus agreed that patients with HF due
to CS should be addressed according to HF guidelines and the
option of resynchronization therapy and HT should also be
considered.125 Resynchronization therapy in patients with CS
showed worse outcomes and lower responder rates (45% vs
79%) compared with patients with dilated cardiomyopa-
thy.126 However, HT showed good results and should be
considered in patients with severe HF refractory to medical
therapy, especially in younger patients. Cardiac trans-
plantation can sometimes be avoided if corticosteroid
treatment is started before the occurrence of severe systolic
dysfunction or in the presence of severe systolic dysfunction
with significant inflammation in the absence of a heavy
fibrosis burden.62

An interesting study was published recently by Crawford
et al., who showed that 0.4% of patients waiting for an HT
had CS. Of those, 23% received mechanical circulatory
support as a bridge to transplantation, of whom only 59%
afterward received a transplant. One-year survival for patients
on the waiting list was similar for CS patients and for those
without CS and freedom from mortality at 1 and 5 years was
similar for those who had CS compared with patients without
CS.127 Another study has reported an 80% 5-year survival
post-transplantation.62

Patients who require HT have a good prognosis and CS
recurrence is rare128,129 with different studies showing no
recurrence at all130,131 and some case reports reporting CS
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recurrence in cardiac allografts especially at corticosteroids
weaning.128,132 Thus, long-term corticosteroids might be
considered in a subgroup of patients.127

Case 10

In 2010, a 37-year-old man was referred for newly
diagnosed HF with reduced LVEF. The ECG showed a long
PR interval with right BBB and the TTE showed a very
severely dilated LV and an LVEF of 15%. A CMR image
showed LGE with edema consistent with nonischemic car-
diomyopathy. An EMB confirmed CS. Medical treatment was
started along with immunosuppressive therapy with predni-
sone and infliximab. Six months later, there was no LVEF
improvement and a primary prevention ICD was implanted.
Over the next 2 years, he was admitted several times for
decompensated HF and ventricular arrhythmias. Continuous
milrinone infusion was started and the patient was listed for
HT. In 2012 he received an HT, and 8 years later, no
recurrence of his former CS occurred.
10. How Will Unrecognized CS Evolve?
Unrecognized CS might have dramatic consequences, the

worst of all being SCD. This is generally caused by fatal
ventricular arrhythmias or high-grade AVB. In a series of 351
cases, Ekstrom et al. reported that nearly two-thirds of deaths
from CS were caused by undiagnosed cardiac involvement.15

The 2 cases that follow show the catastrophic presentations of
2 patients with unrecognized CS.

Case 11

In 2012, a 48-year-old man came to the ER for dyspnea
that evolved over 3 months. ECG showed a first-degree AVB,
Mobitz II and right BBB. On the treadmill, there was chro-
notropic incompetence with a maximal HR of 76 bpm. The
TTE showed normal LVEF. A dual-chamber pacemaker was
implanted and the patient was discharged. At this time the
possible diagnosis of CS was not considered by the cardiolo-
gist taking care of the patient. One year after the patient was
resuscitated from SCD. The initial rhythm was a polymorphic
VT. A coronary angiogram showed nonsignificant lesions.
The TTE showed global hypokinesia, 25% LVEF and a severe
right ventricle dysfunction. CMR showed extensive LGE with
a nonischemic pattern. The FDG-PET scan was consistent
with systemic and active CS and the EBUS-guided LN biopsy
showed sarcoidosis. Hence, his pacemaker was upgraded to a
defibrillator. With immunosuppressive therapy consisting of
prednisone and methotrexate, the LVEF improved to 45%.

Case 12

In 2015, a 56-year-old woman came to the ER for a pre-
syncope. Third-degree AVB was noted on her ECG. TTE
showed an LVEF of 63% with hypokinesia of the midseptal
and apical inferior walls of the LV. The coronary angiogram
was normal. A dual-chamber pacemaker was implanted with
no further testing. Two years later, TTE showed a 15%
LVEF, basal septal thinning, and right ventricle dysfunction.
CMR could not be performed because her pacemaker was not
MRI-compatible. She was then referred to our centre and
FDG-PET scan was done and showed a result consistent with
systemic and active CS; however, an EBUS-guided LN biopsy
was normal. Her dual-chamber pacemaker was upgraded to an
ICD. The patient declined HT evaluation consideration.
Three weeks after the ICD upgrade, the patient died in her
sleep. The postmortem interrogation of her device showed a
slow VT (monitor zone) that eventually transformed into
ventricular fibrillation with an appropriate ICD shock and
conversion to sinus rhythm and electromechanical dissocia-
tion was the cause of death. At the autopsy, CS was diagnosed
with no other cause to explain SCD.
Conclusion
Despite the increasing awareness of this potentially life-

threatening illness, many questions remain unanswered and
more clinical trials are needed to guide optimal CS therapy. In
this review, we provided answers to the top 10 questions
cardiologists should be able to answer about CS and
summarized the key elements in Table 4. The ongoing
CHASM-CS randomized controlled trial will give us more
information about the effect of corticosteroid treatment on the
clinical course of CS. We aimed to raise awareness within the
medical community and to promote meaningful collaboration
between lung specialists, internists, rheumatologists, and
cardiologists to target appropriate investigation and optimal
treatment for patients with CS.
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