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Abstract: Sarcoidosis is a chronic multi-system disorder with an unknown etiology that can affect
the cardiac tissue, resulting in Cardiac Sarcoidosis (CS). The majority of these CS cases are clinically
silent, and when there are symptoms, the symptoms are vague and can have a lot in common with
other common cardiac diseases. These symptoms can range from arrhythmias to heart failure. If CS
goes undetected, it can lead to detrimental outcomes for patients. Diagnosis depends on timely
utilization of imaging modalities and non-invasive testing, while in some cases, it does necessitate
biopsy. Early diagnosis and treatment with immunosuppressive agents are crucial, and it is essential
that follow-up testing be performed to ensure resolution and remission. This manuscript provides an
in-depth review of CS and the current literature regarding CS diagnosis and treatment.

Keywords: cardiac sarcoidosis; echocardiography; positron-emission tomography; PET; sarcoidosis;
implantable cardioverter-defibrillator

1. Introduction

Sarcoidosis is a multi-system disease of unknown etiology characterized by non-
caseating granulomas in various organs. In approximately 90% of the cases, it affects the
lungs and the intrathoracic lymph nodes. However, any organ can be affected, leading to
its highly variable clinical presentation. When the heart is involved, cardiac sarcoido-
sis (CS) manifestations include benign arrhythmias, ventricular arrhythmias, high-grade
blocks, sudden death, or heart failure [1]. The pathogenesis of CS involves granulomatous
inflammation in the myocardium, pericardium, and endocardium in a patchy multifocal
pattern. CS is the second most common cause of death in sarcoidosis patients highlighting
its urgent need for recognition, since early detection of cardiac involvement and eval-
uating the need for glucocorticoids, antiarrhythmic drugs, pacemakers, or implantable
cardioverter-defibrillator (ICD) is of great value [2]. The diagnosis of CS continues to be
a challenge, given the absence of a single reliable test for the diagnosis. It is estimated
that approximately 5% have symptomatic CS in patients with systemic Sarcoidosis, and a
few autopsy series have reported the prevalence of subclinical CS to be around 25% [3].
Currently, the most commonly used methods are an electrocardiogram (ECG),
echocardiogram, Holter monitors, event monitors, cardiovascular magnetic resonance
imaging (CMR), and positron emission tomography with 2-deoxy-2-[fluorine-18] fluoro-
D-glucose Integrated with computed tomography (FDG PET/CT) [4]. This manuscript
provides an in-depth review of CS, focusing on the current diagnostic modalities and
treatments available.
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1.1. Epidemiology

CS is a global disease affecting many individuals, in most cases remaining subclinical
until late stages in the disease. Estimating the disease’s exact burden due to the non-
uniformity in diagnostic criteria, variable presentation, and a significant amount of silent
CS is cumbersome. It is estimated that sarcoidosis incidence is approximately 1–30 per
100,000, with more prevalence among the African American (AA) population, women more
than men, and Northern latitudes [4]. The pattern of organ involvement and disease
severity is different among various racial and ethnic groups [5]. Pulmonary sarcoidosis
(PS) involvement is a cause of mortality from Sarcoidosis, affecting more women than men
and more AA than Caucasians. The rate of mortality increases substantially when there
is CS involvement. CS has been observed clinically in 5% of the patients with systemic
Sarcoidosis, while autopsy studies have shown cardiac involvement in 25% of the Caucasian
and AA patients, and up to 80% of the Japanese patients. This underlines the high morbidity
and mortality associated with CS [2,6,7]. There are data suggesting more predominance of
CS in men than women [6]. The concern in CS is its subclinical course and under recognition.
Recent studies show increased CS-related cardiomyopathy (CMP), but uncertainty remains.
It is unknown whether a more widespread awareness has led to a higher recognition or
this trend is representing the actual percentage previously unrecognized [7].

1.2. Pathophysiology

Sarcoidosis’s precise mechanism has not been fully elucidated yet; however, it is
widely believed to be an immunologic reaction against a novel antigen in a genetically sus-
ceptible individual [8]. These antigens are phagocytosed by macrophages and are presented
to CD+ T helper cells. Secretion of interleukin-2 (IL-2) and interferon-γ (INF-γ) causes
activation of type-1 T-helper cells (Th1) [9]. Th1 cells play an essential role in modulating
the immune response by increasing inflammatory cytokines production, including the
INF-γ, transforming growth factor-β (TGF-β), IL-2, and IL-12. It is this complex interplay
of immunologic processes that results in non-caseating granuloma formation. The human
leukocyte antigen (HLA) system encoded by the major histocompatibility (MHC) gene
complex is associated with Sarcoidosis. CD4+ T-cell immunological response has been
linked to HLA genes, and cardiac involvement is seen in specific subtypes, which include
the DQB1*0601 and DRB1*0803 alleles [4]. In addition, single nucleotide polymorphisms
in non-HLA genes such as TNF-α are linked to the disease. When these granulomas are
located in the heart, it leads to scar and fibrosis formation. These distinct patterns can be
recognized by biopsy or specific imaging patterns [9,10].

1.3. Histopathology

CS can involve any heart layer with classic histopathology showing non-caseating
granulomas [11]. Biopsy of cardiac tissue is sometimes used in diagnosing CS, but there
is low sensitivity (20–30%) due to affected myocardium being missed or having heteroge-
neous microscopic findings [7]. There is often multifocal involvement with progression
from edema to inflammation to fibrosis to scar; the most commonly involved site is the left
ventricle (LV) in the papillary muscles and interventricular septum. It can also involve the
right ventricle (RV) and atrium [2]. Early-onset CS granulomas will often show granulomas
with loose macrophages with a lymphocytic predominance [12]. Worsening of CS will have
more compact granulomas and decreased lymphocytes. Progression can eventually result
in granulomas being replaced with dense fibrosis with lymphocytic predominance; this can
also be correlated with worsening patient outcome, suggesting that decreased granulomas
may be associated with worse CS due to fibrous replacement [13,14]. This finding also sug-
gests that the lack of granulomas does not exclude CS. As an example, one study showed
that a possibly normal histologic variant of CS could be non-specific fibrosis [15]. In some
instances, a chronic M2 macrophage component (rather than lymphocytic) in a patient
with CS-associated HF, suggesting that macrophages may also play a role in this fibrotic
process [16]. It has also been shown that for patients whose initial CS manifestation is Ar-
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rhythmogenic Right Ventricular Cardiomyopathy (ARVC), a biopsy could show fibrofatty
proliferation without a granulomatous process [17]. These examples help demonstrate that
CS, histologically, can manifest in a few different ways; thus, results seen on biopsy should
consider the entire clinical context for ruling in or ruling out CS [1].

1.4. Clinical Presentation

Sarcoidosis most commonly presents with pulmonary manifestations in 90% of pa-
tients, with cardiac involvement being rare. Those patients with localized pulmonary
symptoms or more systemic symptoms will have silent cardiac Sarcoidosis 20–33% of the
time, with clinically significant CS occurring in 5–10% of cases [7,18]. Any part of the heart
can be involved in CS, with symptoms experienced by the patient varied by disease focus
and extent. The most common loci being the interventricular septum and left ventricle [4].
Symptomatic patients will experience non-specific symptoms such as fatigue, syncope,
palpitations, or sudden cardiac death, often secondary to conduction anomalies, cardiomy-
opathy, and arrhythmias [19]. Among arrhythmias, AV nodal block is the most common,
occurring in 44% of confirmed CS patients. Ventricular premature beats or ventricular
tachycardia and supraventricular such as atrial fibrillation and atrial flutter, are seen in
30–32% of cases [20,21]. In the US, death from CS can be as high as 25%, while this rate
is higher in Japan, reaching up to 85% [22]. These sudden cardiac deaths are thought to
be secondary to progressive conduction blockages or ventricular arrhythmias (25–65%),
or as an isolated presentation in 14% of cases [19,23]. Inflammation and fibrosis from CS
can also lead to less common CS manifestations such as varying types of heart disease,
including heart failure symptoms which manifest as an initial presentation in less than 20%
of cases presenting with dyspnea and orthopnea, or presentation with coronary vasculitis
manifesting as angina and myocardial infarction [24]. Right ventricle (RV) involvement can
occur, but isolated RV involvement secondary to CS is rare and often occurs alongside LV
involvement. RV systolic involvement in CS can portend a worse prognosis, and detecting
CS in the RV can increase arrhythmia risk [25–27]. Due to Sarcoidosis’s nature and its
insidious presentation, it is essential to monitor patients with systemic Sarcoidosis for
cardiac manifestations. These individuals are at an increased risk for developing heart
failure in the long-term with higher mortality [18,28].

1.5. Existing Criteria for the Diagnosis of Cardiac Sarcoidosis

Diagnosis of CS requires a combination of clinical, histologic, and imaging modali-
ties. The main two diagnostic criteria used for CS are the Heart Rhythm Society guide-
lines (Table 1) [29] and the Japanese Society of Sarcoidosis guidelines (Table 2) [30,31].
There are many similarities between these two guidelines, namely the significant inter-
play between histologic and clinical diagnosis with imaging modalities. It can be seen
that the use of endomyocardial biopsy is the most accurate method for assessment for
CS. However, other secondary diagnostic tools can assist in diagnosing CS and allow for
non-invasive and minimally invasive assessment for CS.
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Table 1. Heart Rhythm Society (2014). Table Adapted from Birnie et al. [29].

Histologic diagnosis

CS is diagnosed if an endomyocardial biopsy shows non-caseating granuloma with no other cause for the histologic findings

Clinical diagnosis

Cs is probable if

(a) There are histologic findings of extracardiac Sarcoidosis

AND

(b) 1 or more of the following is present:

i. Cardiomyopathy or heart block is responsive to corticosteroids +/− immunosuppressive drugs
ii. LVEF < 40% that cannot be explained
iii. SVT (spontaneous or induced) that cannot be explained
iv. Finding of Mobitz type II, second- or third-degree, heart block
v. There is patchy uptake of FDG-PET in a pattern consistent with CS
vi. LGE on CMR consistent with typical CS pattern
vii. Positive gallium uptake in a typical pattern consistent with CS

AND

(c) Other causes have been excluded

Table 2. Japanese Society of Sarcoidosis (2017). Table Adapted from Tarsaki et al. 2017 and 2019 [30].

Histologic diagnosis

CS is diagnosed when a biopsy (endomyocardial or surgical) shows non-caseating granulomas

Clinical diagnosis

If an endomyocardial biopsy is not performed or is negative, a diagnosis is made clinically.
CS is diagnosed clinically by:

A. Granulomas are seen in other organs than the heart, and there is high clinical suspicion for cardiac involvement from the
following

B. When there is evidence of pulmonary or ophthalmic Sarcoidosis and there are ≥2 laboratory findings and clinical findings
suggesting cardiac involvement (≥2 major or ≥1 major and ≥2 minor criteria)

1. Major criteria

(a) High-grade AV block or fatal VA (VF and sustained VT)
(b) Ventricular septum basal thinning or abnormal ventricular wall anatomy including LV aneurysm, thinning of

middle/upper ventricular septum
(c) LVEF <50%
(d) 67Ga citrate scintigraphy or 18F-FDG PET revealing high tracer accumulation and uptake
(e) LGE of the myocardium under MRI

2. Minor criteria

(a) ECG showing VAs including NSVT, multifocal or frequent PVCs, BBB, axis deviation or abnormal Q waves
(b) Myocardial perfusion scintigraphy showing perfusion defects
(c) Endomyocardial biopsy showing infiltration with monocytes and moderate to severe interstitial fibrosis

Characteristic laboratory and imaging findings in CS

Clinical diagnosis of Sarcoidosis supported when ≥2 of the following findings are observed:

1. High serum ACE activity
2. Elevated serum lysozyme levels
3. High serum soluble IL-2 receptor levels
4. Increased tracer uptake in 67Ga citrate scintigraphy or 18F-FDG PET
5. A high percentage of lymphocytes in BAL with a CD4/CD8 ratio of >3.5
6. Bilateral hilar lymphadenopathy
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Table 2. Cont.

Isolated CS diagnostic guidelines

Isolated CS is suspected when:

1. No clinical findings are suggestive of other organ involvement other than the heart
2. Absence of increased uptake in 67Ga or 18F-FDG PET
3. Chest imaging using CT is devoid of lymphadenopathy

CS is diagnosed when:

1. Histological diagnosis: endomyocardial biopsy or surgical biopsy shows non-caseating granulomas
2. Clinical diagnosis: isolated CS diagnosis is made when 1d and ≥3 of the 1a-1e are satisfied

2. Diagnostic Modalities
2.1. Physical Examination

The diagnosis of Sarcoidosis can be elusive due to the heterogeneous nature of the
disease. In fact, in a study of 181 patients with the biopsy-confirmed disease, CS diagnosis
was made in only 15.3% of cases during the first physician visit [32]. The sub-diagnosis
of CS can be further challenging, as many patients are asymptomatic early in the disease
course [33]. Prognosis is poor in those with untreated CS, given the risk of complications for
sudden cardiac death. For this reason, a careful physical examination is a key component
for the detection of the disease.

While there is no singular manifestation that is pathognomonic for the disease, a con-
stellation of findings can be highly suggestive of a sarcoid diagnosis. In a combined series of
1254 patients, the most frequently involved organ systems were the lungs and mediastinal
lymph nodes (94%), followed by peripheral lymph nodes (73%) [34]. Lymphadenopathy
can be detected both on physical exam or with imaging, with bilateral hilar lymphadenopa-
thy being the most frequently described CXR finding [35]. Hepatosplenomegaly can also
be appreciated [36]. Skin manifestations occur in 30% of patients, with or without systemic
involvement of the disease. These findings can occur at any stage of the disease and yield a
high diagnostic value on biopsy [37]. The presence of skin signs has been shown to reduce
the time to diagnosis significantly [32]. While many lesions are non-specific (maculopapu-
lar, plaque-like, nodular, or ulcerative in appearance), erythema nodosum and lupus pernio
are examples of classically described features of Sarcoidosis [37]. Ocular involvement
also occurs in a third of patients, with the most common manifestation being uveitis [38].
While the diagnosis of Sarcoidosis generally requires biopsy confirmation, a presumptive
diagnosis can be made in the presence of certain features alone. An example of this includes
Lofgren syndrome, characterized by fever, erythema nodosum, bilateral hilar adenopathy,
and arthritis [39]. Heerfordt syndrome involves the triad of fever, uveitis, parotitis, and cra-
nial nerve palsy [40]. Thus, the clinical exam can be a crucial part of the identification
of Sarcoidosis.

The presence of cardiac symptoms such as palpitations, orthopnea, or syncope in those
with known extracardiac Sarcoidosis should raise suspicion for cardiac involvement. Signs
of cardiac dysfunction are non-specific, but may include S3 or S4 gallop, displaced PMI,
irregular rhythm, jugular venous distension, or cardiac murmur. In such instances,
further evaluation is indicated with ECG, Echocardiography, and in some cases, PET scan,
as described in the respective sections below.

2.2. Electrocardiography

Due to the scattered infiltrative nature of Sarcoidosis, the electrophysiologic mani-
festations in those with cardiac involvement are non-specific and vary widely. Most com-
monly, complete atrioventricular blockade (AVB) has been reported in up to 23–30% of
patients [11]. This is secondary to the involvement of interventricular septum due to
granulomas and subsequent scarring [11]. Importantly, AVB due to cardiac Sarcoidosis can
potentially recover following corticosteroid treatment [41]; however, permanent pacing is
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indicated despite the transient reversal of AVB [42]. Ventricular tachyarrhythmias are the
second most common electrophysiologic phenomena of cardiac Sarcoidosis [20] and occur
due to granulomatous foci serving as an electrical reentry site [43]. Compared to AVB,
ventricular tachycardia in those with cardiac Sarcoidosis confers a worse prognosis than
AVB and represents an advanced disease stage [41].

QRS complex changes have been described in CS. The fragmented QRS (fQRS),
defined by an additional R wave (R’) or notching of the S wave nadir in two contigu-
ous leads, has been highly associated with cardiac involvement [44]. In fact, Schuller et al.
showed that patients with established pulmonary Sarcoidosis and coexisting fQRS had a
statistically significantly greater likelihood of cardiac involvement than those without fQRS
(75% vs. 33.9%, p < 0.01) [45]. After multivariate analysis, this study also demonstrated
that the presence of either fQRS or bundle branch block was associated with an almost
twentyfold greater chance of cardiac Sarcoidosis (OR 19.7, p <0.01). Therefore, while non-
specific, new right bundle branch block during follow-up in patients with non-cardiac
Sarcoidosis should raise suspicion for possible cardiac Sarcoidosis [30,46]. Other non-
specific CS findings include abnormal Q waves and ST changes, which may appear in
various leads as cardiac lesions due to Sarcoidosis do not correlate with coronary blood
flow [47]. Overall, while the sensitivity for detecting cardiac Sarcoidosis by ECG has been
low, some features may raise clinical suspicion and aid in diagnosis.

2.3. Biomarkers

There are no universal biomarkers for detecting cardiac Sarcoidosis, although several are
under investigation for both diagnostic and prognostic value [48]. Angiotensin-converting
enzyme (ACE) is one of the most frequently used biomarkers for Sarcoidosis, with elevated
levels in up to 60% of affected patients. Serum ACE concentration has been thought
to be a marker for disease activity, with elevated levels being associated with cardiac
fibrosis on MRI [49]. However, its clinical utility has been limited by modest sensitivity
and specificity [50]. Moreover, a study by Kiko et al. demonstrated that ACE levels
are significantly lower (p = 0.041) in those with isolated cardiac sarcoid compared to
those with systemic Sarcoidosis. ACE concentration did not appear to correlate with
arrhythmogenicity or development of heart failure. The authors, therefore, concluded that
a negative or low level of ACE should not exclude a diagnosis of CS. Similarly, IL2r does
not appear to be directly correlated with disease activity in isolated CS [51].

Mankad et al. established a relationship between the concentration of C-reactive
protein (CRP) and the presence of active cardiac Sarcoidosis. Notably, CRP was found
to be significantly elevated in those with heart failure (p < 0.0001) and ventricular tachy-
cardia (p = 0.0005) compared to those with sarcoid arthritis without symptomatic cardiac
involvement [52]. While not specific for a cardiac sarcoid diagnosis, both CRP and the
erythrocyte sedimentation rate (ESR) may prove clinically useful in monitoring response
to treatment [53]. Several studies have reported a correlation between high-sensitivity
cardiac troponin (hs-cTnT) and disease activity in Sarcoidosis. In a cohort of 50 patients
with new-onset CS, about half were found to have elevated hs-cTnT levels normalized over
a 4-week treatment course with corticosteroids [54]. This phenomenon was also reported in
a case series published by Baba et al. [55]. Kiko et al. offered further insight, describing tro-
ponin I and BNP as markers of treatment response and predicting long-term outcomes.
Specifically, troponin-I is associated with a greater risk of fatal arrhythmia; BNP was a
predictor of heart failure. Furthermore, BNP levels were markedly more elevated in the
CS group than in non-CS groups, identifying CS patients with a sensitivity of 85.4% and
specificity of 68.1% [51]. Several other markers are currently under investigation with
promising results, including Th1-related cytokines, myeloid-related protein 8/14 complex,
U-8-OhdG, and microRNA [56,57].
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2.4. Echocardiography

Echocardiography (echo) is one of the most useful tools in assessing patients with
suspected cardiac involvement and is often the first imaging tool used in the vast ma-
jority of patients. Since symptoms of patients with suspected CS are generally vague,
for example, syncope or palpitations, or the previous routine diagnostic tests, such as
ECGs, have been non-specific, echo is usually the most appropriate next diagnostic test.
However, due to its low to moderate sensitivity, a normal echo does not exclude the pres-
ence of CS. Echo for CS screening has a low specificity. Some general abnormalities seen on
echo include regional wall motion abnormalities, basal septum thinning, left ventricular
dilation, ventricular aneurysms, and impaired systolic or diastolic function of the right
or left ventricle [58]. These wall motion abnormalities generally involve a non-coronary
distribution. Even though interventricular basal wall thinning and localized aneurysms in
patients with CS are usually identified as characteristic features and are highly suggestive of
CS, studies have shown these features in a relatively low number of patients [59]. It is these
echo changes that are utilized in the diagnostic guidelines mentioned above. A method
that can increase the sensitivity for echo in the detection of CS is to combine its findings
with other clues such as clinical ECG changes or Holter monitor findings. Left ventricular
ejection fraction (LVEF) is also one of the strongest prognostic indicators in CS and a very
useful tool in managing CS [52]. Recently, global longitudinal strain (GLS) has become a
useful tool in recognizing CS patients with preserved LVEF.

2.5. Perfusion Imaging

Myocardial perfusion scintigraphy (MPS) is used to evaluate and detect myocardial
injury at rest as well as areas of reduced myocardial perfusion reserve during rest and stress.
Lesions due to cardiac Sarcoidosis on nuclear imaging classically appear as segmental
reduction of radiotracer uptake in the myocardium [60]. Importantly, these perfusion
defects differ from that of coronary artery disease, as the sarcoid myocardial infiltrates do
not follow the territories of the coronary arteries [61]. Additionally, microvascular vasocon-
striction due to sarcoid granulomas results in the phenomenon known as reverse distri-
bution, whereby myocardial perfusion defects increase at rest as compared to stress [62].
Thallium-201, a commonly used radionuclide for MPS, ultimately cannot be used to di-
agnose cardiac sarcoid, particularly in the absence of symptoms [63]. Given that MPS is
not specific for Sarcoidosis, the clinical setting should be considered when interpreting
its results.

2.6. Gallium-67 Scintigraphy

Gallium-67 citrate (67Ga) scintigraphy is another method of detecting cardiac Sar-
coidosis. 67Ga binds lactoferrin, an acute phase reactant that aggregates near focal active
inflammation sites [64]. For this reason, 67Ga can be used to detect areas of active sarcoid
involvement, including cardiac and extracardiac sites [65]. Futamatsu et al. demonstrated
a statistically significant higher risk of ventricular tachycardia in patients with cardiac 67Ga
uptake at time of diagnosis [66]. Importantly, 67Ga used in combination with MPS has been
shown to have a higher sensitivity and improved diagnostic accuracy for cardiac Sarcoido-
sis than either imaging modality alone [67]. In conclusion, while 67Ga was formerly used
more frequently, FDG-PET has largely replaced it due to its higher diagnostic sensitivity
than 67Ga [68].

2.7. Endomyocardial Biopsy

Endomyocardial biopsy (EMB) has historically been considered the gold standard
for diagnosing CS [69]. The procedure is performed percutaneously, most commonly
through the right internal jugular vein under fluoroscopic guidance. The complication
rate in the literature varies from 1–6% [70]. Detection of a noncaseating granuloma on
histologic examination of the myocardial sample is highly specific for cardiac sarcoid [71].
However, the utility of EMB in CS has been questioned due to a high rate of false negatives
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with a sensitivity of only 20–25% [72]. This is explained mainly by the scattered nature of
disease involvement limiting the value of blind sampling [73]. In the last decade, newer di-
agnostic tools such as electro-anatomical mapping and imaging modalities like PET and
CMR have been used to guide sampling during EMB, thereby increasing the procedure’s
diagnostic yield [74,75]. While a negative EMB does not exclude Sarcoidosis’s diagnosis,
the procedure can still be an appropriate tool in those with unexplained heart failure of
>3 months duration, as described in the AHA/ACC/ESC consensus guidelines [76].

2.8. Cardiac Magnetic Resonance Imaging

Cardiac magnetic resonant imaging (CMR) has emerged as the diagnostic modality of
choice for both ischemic and non-ischemic cardiomyopathies due to its superb ability to
characterize the myocardium owing to its high spatial resolution. Regional wall motion
abnormalities and myocardial thickness can be assessed with high precision on cine images,
and with the utilization of late gadolinium enhancement (LGE), areas of fibrosis can be
highlighted. CMR can detect edema, perfusion defects, and myocardial scar, which can be
otherwise hard to characterize. CMR uses the slower washout of gadolinium in edema,
inflammation, and scar to demonstrate cardiac involvement [2]. CS findings on CMR are
typically divided into an acute phase and a chronic phase. Similar to echo, in the acute
phase, there is the characteristic non-coronary distribution of wall motion abnormalities,
increased wall thickness, and increased signal intensity on T2-weighted images to the
inflammation and granulomatous lesions. In the chronic phase, also known as inactive
CS, there are findings of myocardial wall thinning and aneurysmal wall formation with
low signal on T2-weighted images but a high late-LGE signal intensity, which are findings
suggestive of fibrosis or scar formation. These give rise to a multifocal distribution of
fibrosis in the myocardium depicted pictorially in Figure 1. This distribution can be limited
to the subendocardial or mid myocardial layer of the LV myocardium. However, it can also
lead to more widespread involvement of the LV and RV as well, as depicted below.

Figure 1. Classic patterns of LGE in Sarcoidosis. (A) normal left and right ventricular myocardium, (B) subepicardial,
and (C) transmural distribution of LGE. LV: left ventricle. RV: right ventricle.

Tissue diagnosis of CS using endomyocardial biopsy (EMB) is limited due to its inabil-
ity to rule out CS because of the low sensitivity of <25%. Since CS distribution pattern is
focal or patchy, the chances of inadvertently missing the involvement site is high. CMR can
help with this issue by identifying the areas where tissue distribution and targeting them
for sampling. This will lead to increased diagnostic accuracy. In addition, CMR can help
in prognostication and in making decisions regarding therapeutic purposes [3]. It has
been shown that the higher the percentage of LGE mass after treatment, especially ≥20%,
the lesser the likelihood of LV recovery [77]. It has also been shown that the presence of scar
and characterization by LGE is a powerful independent risk factor for fatal events [78,79].
One important characteristic utility of CMR is its capability to characterize the tissue by
mapping through T1, T2, and extracellular volume (ECV) assessment in combination with
LGE to improve the diagnosis of CS. Studies have shown a higher native T1 and ECV
in patients with CS, while T2 signals have been shown to be notably higher in patients
with suspected CS [80,81]. Another useful CMR utilization is that it can be used to as-
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sess treatment response by using improvements in T1 and T2 mapping in patients after
treatment [82]. Crouser and colleagues point out that LGE findings on CMR have a direct
histopathological correlation with CS and the prevalence of CMR-LGE abnormalities in
CS patients approaches that of CS prevalence reported in serial autopsies. The absence
of LGE is a good predictor for no serious cardiac events for at least three years to follow,
and the extent of LGE correlates with the future risk of adverse events [83]. Some other sig-
nificant advantages of CMR are its wider availability and lesser expense [83]. CS has some
characteristic distribution patterns that make more likely to occur, as shown in Figure 1.
The usual distribution of CS is in the subepicardial, mid myocardial, and transmural.
However, it can also rarely involve the subendocardium.

CMR has some limitations which cannot be forgotten. One major limitation of CMR is
the contraindication of gadolinium use in patients with renal impairment. One significant
limitation is that other cardiac diseases can show similar LGE findings on CMR [84].
Thus, when applying CMR, the clinician should be cognizant of these limitations.

2.9. F-18 FDG PET/CT

Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET)/Computer Tomog-
raphy (CT) imaging is among the most sensitive and specific imaging modalities for the
diagnosis of CS. It utilizes FDG, a radiolabeled glucose analog, to differentiate between
normal and active inflammatory lesions. Active inflammatory cells have a higher metabolic
activity and a higher uptake of FDG, leading to higher signal intensity. PET portion is
performed by utilizing a low-dose CT for anatomically colocalizing the areas of FDG
uptake. This is opposite to what CMR does; while CMR detects scar tissue, FDG-PET/CT
recognizes myocardial inflammation. Since this technique relies on the increased uptake
of the inflammatory cells, the physiologic FDG uptake must be minimized as much as
possible. There are various protocols for such suppression which utilize different timing of
fasting and diets before testing. In addition, other causes that can affect uptake also need to
be ruled out. For example, coronary artery disease could cause hibernation of myocardium
or myocarditis, which could increase uptake and should therefore be ruled out [85].

Since FDG-PET imaging findings depend on the disease stage, the findings can range
from those of pure inflammation, which would be the case if there is only FDG uptake to
only perfusion defect, which would be the case when there is a terminal scar or a treated
case of CS. If there are findings of focal or focal on diffuse FDG uptake and an area of perfu-
sion defect in the same segments, it would be strong evidence suggesting an active area of
CS. These findings should all be considered in the clinical context and with findings from
other modalities [85]. The images must be assessed in terms of location, extent, and severity
of the perfusion defect and the extent of FDG uptake’s abnormality. The main categories for
grading FDG uptake qualitatively are absent, focal, diffuse, and focal on diffuse. The extent
of FDG uptake can also be visually quantified, mainly when divided into small, medium,
large, and very large categories. The severity of the perfusion defects is qualitatively
assessed by classifying them into mild, moderate, severe, or absent based on the standard
17 segments [86]. It should be noted that isolated uptake in specific locations is likely to be
artifactual and should not be considered. Quantitative FDG uptake is expressed in standard
uptake values (SUV) which is measured as mean, max, and total for the myocardium, as a
cardiac to blood pool ratio, and as a total cardiac metabolic activity. Youssef et al. showed
that the pooled sensitivity and specificity of FDG-PET/CT can reach up to 89% and 78%,
respectively [87]. It has also been shown that FDP-PET is able to predict adverse outcomes
and provide prognostic information, which can be very vital in clinical decision making
regarding therapeutic options. Ventricular arrhythmia (VA) and the risk of death increase
by four-fold in individuals with increased FDG uptake [88], and these individuals have
worse cardiovascular outcomes and events [89,90]. In treated patients who underwent
FDG-PET at follow up, there was an improvement in these metrics and for an average
drop of 10 g/mL in SUV maximum, there was a correlated increase in LVEF of 7.9% in
steroid-treated patients [91,92]. Considering these significant advantages of being quantita-
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tively and reproducible, FDP-PET can be a very useful tool to assess response to therapy,
as well as diagnosis of CS. Undeniably, FDG-PET/CT has its own limitations, including the
high cost, limited availability, lower spatial and temporal resolution compared to CMR,
exposure to ionizing radiation, and a complicated dietary regimen before the test [93].
Therefore, careful consideration should be given when ordering this test, and in-depth
consideration of limitations for patients are required, especially in younger patients.

2.10. CMR and FDG-PET

A new field of advanced cardiac imaging evolving is hybrid imaging of CS by com-
bining PET and magnetic resonance imaging (MRI) into a single device, enabling utiliza-
tion of two of the most advanced modalities for CS imaging. It has been shown that
such imaging modality has superior sensitivity to MRI or PET [94], and using this tech-
nique, patients were able to be re-classified into a higher or lower likelihood grouped for
CS [95]. As can be expected, it has been shown that if disease-related changes are seen
on both FDG-PET and CMR, there was a higher rate of adverse cardiac events. High cost,
limited availability, and scarcity of validation studies are limiting factors for more widespread
utilization of this modality [96]. One substantial advantage of this hybrid imaging is the
substantially lower radiation exposure, which can be particularly important and beneficial in
younger patients, especially since most individuals need follow-up exams [97]. Perhaps, in the
near future, with more robust clinical data, hybrid imaging will be applied more.

3. Treatment
3.1. Immunosuppression

The goal of immunosuppressive therapy in cardiac Sarcoidosis is to reduce the bur-
den of inflammation and prevent irreversible myocardial remodeling, thereby slowing
disease progression [98]. Populations that should be considered for immediate initiation of
immunosuppressive therapy include those with evidence of myocardial inflammation as-
sociated with ventricular arrhythmia, heart block, or left ventricular dysfunction (Class IIa
recommendation) [7,29]. Some experts recommend early initiation of immunosuppressive
treatment, regardless of whether the above criteria are met [33,99]. Corticosteroids have
long been considered the mainstay for treatment in CS, but the optimal treatment regimen
has yet to be formalized in the absence of randomized clinical trials [100]. In general,
prednisone is usually initiated at 30–40 mg daily for 4–8 weeks. If treatment response
is identified at follow-up evaluation, prednisone is tapered by 5–10 mg every 2–4 weeks
until a 5–15 mg maintenance dose is achieved. The maintenance dose is continued for
an additional 9–12 months prior to discontinuation. Patients should continue to be moni-
tored every 2–3 months for an additional 3 years to monitor for disease relapse [7,101,102].
Risks associated with long-term corticosteroid use include weight gain, hypertension,
hyperglycemia, reduced bone mineral density, predisposition for infection, insomnia,
and adrenal insufficiency, to name a few [3]. However, numerous trials have demonstrated
favorable outcomes in those treated with corticosteroids, namely LVEF and the arrhyth-
mogenicity associated with active granulomatous disease, especially when treatment is
initiated early in the disease course [3]. In a systematic review of 10 studies evaluating
response to corticosteroid use in CS, Sadek et al. demonstrated both maintenances of LV
function in those with normal LVEF at the time of diagnosis and LV improvement function
in those with mild to moderate LV dysfunction (LVEF > 35%). However, no improvement
was seen in patients with severe LV dysfunction [101]. Additionally, Yazaki et al. showed
improved 5-year survival in CS patients treated with corticosteroids compared to those
who were untreated (75% vs. 10% 5-year survival). CS patients treated with steroids with
LVEF > 50% had a significantly greater survival rate compared to those with LVEF < 50%
(p < 0.001), again highlighting the importance of early diagnosis and initiation of treatment
in those with CS [102].

Methotrexate is used as second-line therapy for those who either do not respond to
or have contraindications for the use of corticosteroids [7]. The recommended dose is
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5 to 20 mg weekly. Clinicians should monitor patients for hepatotoxicity, bone marrow
suppression, and renal dysfunction every 1–3 months [3]. While studies are limited
mainly to small observational cohorts, a multicenter open-label, randomized control non-
inferiority trial (CHASM CS-RCT) is currently underway to investigate outcomes in patients
treated with low-dose prednisone combined with methotrexate compared to standard dose
prednisone alone [100]. Other steroid-sparing agents include mycophenolate mofetil,
cyclophosphamide, azathioprine, and leflunomide, although these therapies have not been
studied extensively in isolated cardiac Sarcoidosis. Figure 2 depicts the treatments used for
CS in a stepwise fashion.

Figure 2. Cardiac Sarcoidosis stepwise approach to therapy.

Small studies utilizing Infliximab for the treatment of refractory cardiac Sarcoidosis
have shown promising results. Previously, TNF alpha inhibitors were avoided in those
with cardiac dysfunction due to a 2001 FDA safety alert warning of an increased incidence
of mortality and hospitalization in patients with moderate to severe, non-inflammatory
heart failure. However, in a case series of 36 patients with refractory CS treated with Inflix-
imab, the authors demonstrated a significant reduction in prednisone requirements and
improvement in arrhythmia control without evidence of worsening cardiac function [103].
While Infliximab appears to be effective in severe, refractory cases of cardiac Sarcoidosis,
complications, including the infection rate, are still under investigation [104].

3.2. Ventricular Arrhythmias

Patients with CS are at increased risk for ventricular arrhythmias, with an incidence
of approximately 15% leading to ICD therapy [105]. The primary mechanism responsible
for VA in patients with CS is reentry due to sarcoid granulomatous scar formation [106].
However, evidence exists for active inflammation in those with CS as a trigger for monomor-
phic VT storms [107]. The use of corticosteroids for the management of VA in CS has mixed
results [101]. Yodogawa et al. demonstrated a statistically significant 35% reduction in
non-sustained VT in patients treated with corticosteroids (p = 0.039) [108]. Patients in this
study notably had a LVEF ≥ 35%; thus, corticosteroids may be more effective in patients
with VA during earlier forms of CS than advanced stages.

In contrast, Segawa et al. reported possible reactive inflammation following corticos-
teroid treatment which may have increased VT frequency [109]. Regarding antiarrhythmic
drugs (AADs), class I agents are contraindicated given the presence of scarring and struc-
tural heart disease in CS [110]. Typically, class III AADs are used, such as amiodarone;
however, pulmonary toxicity risk should be considered, particularly in patients with
advanced pulmonary Sarcoidosis [111]. In those with VT/VF storm, therapy with a com-
bination of AADs and immunosuppression when active inflammation is suspected [29].
Overall, HRS expert consensus recommends as a class IIa indication that patients with
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CS and VA undergo FDG-PET assessment for active inflammation with subsequent use
of immunosuppression if inflammation is present. Antiarrhythmics can be used in those
refractory to immunosuppressive therapy; catheter ablation is considered when immuno-
suppression and antiarrhythmic therapy have failed [29].

3.3. Risk Stratification for SCD and ICD Implantation

One of the significant factors in the successful treatment of CS is utilizing and applying
ICD in at-risk patients and promptly diagnosing these cases. Based on the American Heart
Association/American College of Cardiology/Heart Rhythm Society 2017 guidelines,
CS patients with a history of sustained VT, survivors of sudden cardiac arrest (SCA),
LVEF ≤ 35%, and life expectancy of more than one year, placement of ICD is a class I
indication [112]. In CS patients with an LVEF > 35% with syncope, evidence of myocardial
scar by MRI or PET, need for permanent pacing, and life expectancy of more than one
year, implantation of ICD is reasonable (class IIa). In CS patients with an LVEF of greater
than 35%, if VA is inducible in an electrophysiologic study (EP), implantation of ICD is
reasonable if life expectancy is more than one year (Class IIa). In addition, in CS patients
who need permanent pacing, ICD implantation can be beneficial (Class IIa). If the CS
patients have frequent symptomatic VAs and there is evidence of myocardial inflammation,
immunosuppression and antiarrhythmic medications can be utilized to reduce the VA
burden (Class IIa) [112]. In addition, based on our discussions until now, diagnosis of
CS can be cumbersome and complicated due to its vague presentation and symptoms.
Hence knowing how to utilize these diagnostic modalities becomes even more critical.
In Figure 3, we propose our algorithm for evaluating patients who are suspicious for CS
and incorporate their assessment for ICD implantation into a comprehensive algorithm.

Figure 3. Cardiac Sarcoidosis (CS) diagnosis flowchart and implantable cardioverter-defibrillator (ICD) implantation
timing. H&P: history and physical. ECG: electrocardiogram. Echo: echocardiogram. AV: atrioventricular. PVC: premature
ventricular contraction. LV: left ventricle. CAD: coronary artery disease. CMR: cardiac magnetic resonance imaging.
EP: electrophysiology. Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET). EMB: endomyocardial biopsy.
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4. Conclusions

It can be seen that CS is associated with a poor prognosis due to the high risk of sudden
death, necessitating prompt diagnosis and treatment with anti-inflammatory medications in
suspected individuals. Utilization of standard modalities such as ECG, Holter monitoring,
and echocardiography in addition to a detailed medical history compromise the baseline
for timely diagnosis of CS. After such clinical suspicion is raised, pursuing diagnosis with
advanced modalities such as CMR and FDG-PET can be of great significance. Since timely
diagnosis results in prompt treatment and an increased likelihood of good outcomes,
we have proposed an algorithm that combines these different modalities in the diagnosis
of CS.
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