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Abstract

Purpose of review The non-specific symptom profile and subclinical nature of disease along
with variable region of cardiac involvement in systemic sarcoidosis make the diagnosis
particularly challenging. The yield of endomyocardial biopsy, a gold standard for diagno-
sis, is not high unless coupled with additional imaging modalities to detect regional
involvement. This review is focused on highlighting the major recent advances in imaging
modalities and diagnosis of cardiac sarcoidosis.

Recent findings There has been much interest and increasing research focused on devel-
oping newer and improved imaging modalities to establish diagnosis. CMR and *8F- FDG-
PET are now considered imaging modalities of choice in most centers worldwide, but the
data comparing both methodologies head-to-head is limited. Nevertheless, novel radio-
tracers (i.e. ®®Ga-DOTANOC, *®F-Flurpiridaz, **N-Ammonia) and hybrid combination PET/
CMR imaging are coming to spotlight with improved sensitivity and specificity for earlier
detection of myocardial sarcoid.

Summary As CMR and PET are showing increased utilization in cardiac sarcoidosis, 2°*Th-
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SPECT, ®*™Tc MDP SPECT, ®”Ga Scintigraphy, and 3?Rb PET are falling out of favor. Newer
imaging modalities, radionuclide tracers, and hybrid PET/CMR combinations have been
promising in better detecting cardiac sarcoidosis and are currently being evaluated in

larger trials.

Introduction

Sarcoidosis has been present as a clinical entity over last
150 years. It was first described by Hutchinson in 1869
as a cutaneous manifestation |1]. The disease was named
30 years later, when Caesar Boeck, a Norwegian derma-
tologist in 1899, described nodular skin lesions of epi-
thelioid cells. He named the cells “sarcoid” as he thought
the appearance was similar to sarcoma cells [2]. Over
time, knowledge about the disease process grew through
contributions of numerous physicians and scientists. It
was discovered that the disease’s hallmark was inflam-
mation and granuloma formation in multiple organ
systems. Cardiac sarcoidosis (CS) was first described by
Bernstein in 1929, when he incidentally found epicardial
granulomas in a post-mortem patient which were iden-
tical to their skin granulomas [3]. In 1937, G. Gentzen
reported the first death directly attributed to myocardial
sarcoidosis [4]. Subsequently, a case of myocardial sar-
coidosis was diagnosed clinically and confirmed at au-
topsy by Adickes et al. [5]. There remains a paucity of
data regarding different aspects of cardiac sarcoidosis
and some may argue that the lack of information is
due to the under-diagnosis of this condition. Addition-
ally, the non-specific nature of symptoms and subclini-
cal nature of disease often hinder prompt diagnosis.

The prevalence of CS amongst patients with systemic
sarcoidosis has been reported to be 20 to 27% in the USA
and as high as 58% in Japan [6-8]. Yet, autopsy studies
indicate that subclinical cardiac involvement may be
present in up to 80% of cases [9]. In the USA, 13 to
25% of deaths from sarcoidosis have been attributed to
CS, while in Japan, 47 to 85% of deaths from sarcoidosis
have been attributed to cardiac involvement [10].

Diagnostic imaging techniques

The diagnosis of CS has traditionally been confirmed
by endomyocardial biopsy (EMB) from the affected
region, with demonstration of non-caseating granulo-
mas. However, the diagnosis becomes challenging due
to variation in extent and distribution of affected region.
Most of the data regarding distribution and extent of
lesions are based on autopsy findings and establishing a
diagnosis in the living remains difficult [11-13]. No
single diagnostic imaging study has been identified to
have sufficient sensitivity and specificity to reliably con-
firm or rule out CS. Although the imaging has been
increasingly used, expert consensus still refers to EMB
as the gold standard for diagnosis of CS.

The healthcare burden carried by sarcoidosis patients
remains substantial. In a recent US-based population
study of patients with sarcoidosis, the mean annual
associated health care cost was $119,878 for patients in
the 95th-99th percentile and $375,436 for patients in
the top percentile, with higher-cost patients being asso-
ciated with high odds-ratio (OR) of cardiac arrhythmia
(OR 1.493; P<0.001), having an inpatient admission
(OR=9.771; P<0.001) and use of biologic therapies
[14]. Therefore, an intelligent radio-pathologic algo-
rithm is fundamental to an early and prompt diagnosis
of this condition. There has been considerable progress
in imaging studies over the recent years. These advances
in imaging may not only allow for earlier diagnosis of
CS but also for clinicians to follow therapeutic response.
This review aims to highlight the most recent advances
made in cardiac imaging for establishing a diagnosis and
their utility in tracking therapeutic responses in patients
with cardiac sarcoidosis.

A. Two-dimensional (2D) echocardiography

Considering the advancements in modern medicine, cardiac imaging has now
become integral to the diagnosis of CS [15]. Two-dimensional Doppler echo-
cardiography is non-invasive, readily available at many institutions, and
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relatively inexpensive compared to other modalities. These characteristics make
it an attractive initial screening test. Echocardiography offers detailed structural
and functional properties of the myocardium and is the initial imaging study of
choice for evaluation of patients with suspected or known CS [16, 17ee].
Among patients with an established diagnosis, a majority have pathologic
abnormalities [18, 19] on echocardiography including but not limited to
hypokinesia, dyskinesia, [20, 21] chamber dilation, reduced ejection fraction,
structural valvular regurgitation, and wall thinning or thickening [18, 20-22].
Specifically, localized thinning of the basal interventricular septum is present in
approximately 90% of patients with CS [9]. Ventricular aneurysms, which
commonly affect the infero-posterior wall in this patient population, can easily
be distinguished from ischemic aneurysms, as the abnormalities do not follow
typical coronary artery distributions.

Left ventricular systolic and diastolic dysfunction are also a common finding,
seen in 32% [23] and 14% [19] of patients respectively. Diastolic dysfunction is
more common amongst patients who also suffer from pulmonary sarcoid
involvement; likewise, early mitral annular tissue velocity of the septal wall has
been shown to be lower in this population [24]. Left ventricular systolic dys-
function, when present, may be global, segmental, or regional due to the
variable granulomatous involvement of the myocardium. Regional wall motion
abnormalities are also common, typically affecting the anterior and apical
segments [21]. Longitudinal strain of the left ventricle may be a valuable
predictor of therapeutic response as well as adverse outcomes as demonstrated
in one small retrospective study of 117 patients in Greece |25, 26]. Right
ventricular dysfunction, which may be due to direct granulomatous inflamma-
tion of the myocardium but most commonly secondary to pulmonary hyper-
tension from sarcoid lung involvement, is present in up to 5.7% of patients [27].

Pericardial manifestations are not uncommon, with effusions occurring in
19% of patients [28]. These effusions are typically hemodynamically insignifi-
cant with rare occurrences of cardiac tamponade. Constrictive pericarditis may
develop as well [29].

Valvular dysfunction may be also present and is typically classified as primary
or secondary. Primary dysfunction results from direct granulomatous involve-
ment of the valve leaflets. Secondary valvular dysfunction may result from a
change in left ventricular geometry, with mitral regurgitation being most prevalent
lesion [30]. Valvular lesions, are helpful in diagnosing CS but are unfortunately
non-specific and can be associated with a myriad of other cardiac etiologies.

More specific findings, such as granulomatous inflammation, can also be
detected on echocardiography via macroscopic echogenic lesions referred to as
having a “snowstorm-speckled” pattern [7, 31]. Tissue Doppler derived global
and left ventricular longitudinal strain patterns can be detected earlier with
greater sensitivity using speckle tracking strain analysis [32-35] along with
techniques like pulmonary capillary contrast assessment and cycle-dependent
variation of myocardial integrated backscatter analysis [36]. Backscatter analysis
specifically measures acoustic properties within the myocardium, which allows
for differentiation between affected and normal tissue and is able to detect these
abnormalities before conventional echocardiography [36].

Overall echocardiography is a valuable tool in the management of suspected
or diagnosed CS. It is far from perfect however. Even in combination with
electrocardiogram (ECG), ambulatory thythm monitoring and thorough
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history taking, this imaging modality still has a relatively low sensitivity (85%)
and specificity (55%) for diagnosing CS [37].

B. Cardiac magnetic resonance

Both the Heart Rhythm Society (HRS) expert consensus statement and a recent
positional statement from the Cardiovascular and Inflammation and Infection
Committees of the European Association of Nuclear Medicine, the European
Association of Cardiovascular Imaging, and the American Society of Nuclear
Cardiology recommend either cardiac magnetic resonance (CMR) or 18-
fluorodeoxyglucose positron emission tomography (**F-FDG PET), for patients
with any significant abnormality on echocardiography and suspected CS, with
CMR being a preferred initial imaging choice [38, 39e¢]. Diagnosis of CS with
CMR has a 100% sensitivity and specificity of 78%, greatly surpassing echo-
cardiography [39ee, 40].

In a recent Danish study of 197 screened patients with systemic sarcoidosis,
of patients with positive Japanese Ministry of Health and Welfare (JMHW)
criteria, 53% were diagnosed by CMR alone compared to 29% with EMB [41].
Part of current diagnostic guidelines for CS, as published by the Heart Rhythm
Society, includes late gadolinium enhancement (LGE) on CMR which is present
in 97% of patients diagnosed. Similar to 2D-echocardiography, CMR allows for
increased image clarity without added radiation risks, as well as the ability to
differentiate between ischemic and non-ischemic lesions. Allergic reaction rates
are also low, with only 0.005% of patients in a 37,788-patient cohort
experiencing severe allergic reaction to gadolinium [42]. Additionally, in pa-
tients with a known glomerular filtration rate (GFR) greater than 30 ml/min,
gadolinium contrast is considered to be low risk, and with recent advancements
and development of newer contrast agents, reported complications (i.e.,
nephrogenic systemic fibrosis) are even lower [43]. Compared to echocardiog-
raphy, CMR offers superior visualization of granulomatous infiltration, fibrosis,
perfusion defects, and even microvasculitis [44]. As previously mentioned, the
presence of LGE on CMR is a diagnostic criterion for CS in several established
society guidelines. Late gadolinium enhancement is caused by delayed clear-
ance of gadolinium in fibrotic myocardium [45]. The presence of myocardial
scarring detected by LGE on CMR in a non-vascular distribution or in two
orthogonal views without the presence of another known LGE process, like
myocarditis or hypertrophic obstructive cardiomyopathy, is indicative of CS.
The most prevalent myocardial fibrosis patterns detected as LGE on CMR in
patients with diagnosed CS include sub-epicardial and mid-wall enhancements
of the basal septum or inferolateral wall [46]. This modality of imaging also
offers great detail of the right ventricle, often difficult to visualize using con-
ventional 2D-echocardiography. It has been previously documented that right
ventricular structural and functional changes may correlate directly with myo-
cardial infiltration or be a result of pulmonary sarcoid involvement [47].
Isolated right ventricular involvement is rare, with large majority of patients
rather having concomitant extensive left ventricular involvement. Right-sided
involvement may often be patchy/multifocal [48], septal, or present with
insertion point enhancement [49¢]. Ventricular insertion point enhancement
has been documented [50] and directly correlates with pulmonary arterial
pressures, right ventricular mass, volume, and ejection fraction. In cases of
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predominant right ventricular involvement, CS can be differentiated from
arrhythmogenic right ventricular cardiomyopathy by several features: an older
age of onset, a non-familiar pattern, wider QRS complexes, septal involvement
with atrioventricular conduction disease, multiple arrhythmogenic foci, con-
comitant left ventricular disease, and the presence of mediastinal lymphade-
nopathy, all favoring sarcoid [51].

In diagnosis of CS, T2-weighted CMR sequences have been able to identify
areas of definitive myocardial fibrosis for endomyocardial biopsy, increasing
the successful detection of pathologic tissue [52]. Although LGE is not a
diagnostic criterion by the modified JMHW guidelines, it has been shown that
LGE is up to twice as sensitive than JHMW criteria [40, 49]. Additionally,
presence of LGE on CMR was directly correlated with significantly higher rates
of sudden cardiac death, ventricular arrhythmias, and all-cause mortality (11.9
vs 1.1%) in a meta-analysis of 10 studies (760 patients) [53]. Myocardial
scarring identified on CMR via LGE has also been proven to be a potent
independent risk factor for death, ventricular arthythmias, and defibrillator
discharges [54¢]. Right ventricular involvement was also found to be predictive
of ventricular tachyarrhythmias, probably because of higher coexisting left
ventricular disease and resulting systolic dysfunction [48, 55, 56]. Newer tech-
niques including circumferential strain (Ecc) and strain change per second (Ecc
rate) to better detect focal myocardial damage have shown promising results in
small patient samples, particularly in LGE-positive segments [57]. Given these
mentioned findings, cardiac magnetic resonance imaging will remain a valu-
able tool in the evaluation process for suspected CS.

C. 18-fluorodeoxyglucose positron emission tomography

18-Fluorodeoxyglucose positron emission tomography or '®F-FDG PET takes
advantage of the high glycolytic activity of the immunologic cells within cardiac
sarcoid granulomas. 18-Fluorodeoxyglucose, a glucose analog, is retained
within these metabolically active cells enabling high sensitivity imaging [58].
Unfortunately, the myocardium is also a very metabolically active tissue, re-
quiring patient pre-imaging preparation to improve pathologic cellular detec-
tion. Many techniques have been developed to suppress normal myocardial
tissue uptake of the '*F-FDG. Some strategies require high-fat and low-
carbohydrate pre-imaging diets, intravenous unfractionated heparin adminis-
tration, and long-term fasting. Additionally, '*F-FDG requires comparison-
resting perfusion scans to determine active inflammation from scar tissue
(SPECT or PET) and a low-dose CT scan for attenuation correction making this
imaging modality a high radiation exposure option [59].

Despite several disadvantages and radiation risks associated with '*F-FDG
PET, several studies have shown increased sensitivity and specificity when
compared to other imaging modalities, including Gallium-67 uptake studies,
Thallium-201 perfusion studies, and 99mTc imaging [60-62]. Some of its main
advantages when compared with CMR are the ability to perform the tests in
patients with implantable cardioverter-defibrillators and the ability to distin-
guish active inflammation from scar [63]. A recent small study out of France on
patients with biopsy-proven sarcoidosis and suspected cardiac involvement
reported 100% sensitivity and 91% specificity of FDG-PET/CT findings ac-
cording to JMHW criteria [64].
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There are limited studies comparing CMR to '®F-FDG PET, but one small
study suggested that 18F-FDG PET has higher sensitivity (88%) when compared
to CMR (75%). This study was quite small however, with only eight patients,
and the results were not statistically significant [58, 65e]. A list of studies
utilizing CMR and PET in patients with systemic sarcoidosis, known or
suspected CS, and their respective sensitivities/specificities for cardiac involve-
ment identification can be seen in Table 1. Initial reports also assume benefit of
PET to reliably monitor disease progression and therapeutic monitoring of anti-
inflammatory or immunosuppressive therapy [90] for CS, response to ablation
therapy in ventricular arrhythmia patients using lesion metabolic activity
(LMA) which correlated with a 20-fold higher risk of MACE in non-responders
(p=10.007) and may even parallel systolic function (p =0.003) [91e], and
association with higher adverse event rates in those with high-degree AVB [92].
Novel ECG parameters of ventricular remodeling (septal and inferolateral) and
diffuse QRS fragmentation have also been found to have a strong association
with myocardial FDG uptake on PET scans in sarcoidosis patients in a recent
Finnish study of 133 patients [93]. FDG PET has also been shown to diagnose
CS in asymptomatic patients [94] as this modality allows for detection of
inflammation and infiltration via metabolic activity at the cellular level [959].
In addition, in cases where myocardial LGE usually persists and T2-weighted
edema CMR imaging may be unreliable, PET can reveal reduced FDG uptake
that can signify a successful response to therapy in myocardial CS [96, 97].

Imaging classification for CS includes normal results (normal perfusion and
18F-FDG uptake), progressive disease (a moderate perfusion defect and in-
creased 18F-FDG uptake), and fibrous disease (severe perfusion defect and
minimal or no '®F-FDG uptake) [66]. Additionally, other quantitative tech-
niques with '*F-FDG PET have been developed, like FDG-volume intensity
detection, coined cardiac metabolic activity (CMA), which has been indepen-
dently associated with adverse cardiac events in patients with CS [98e]. In
summary, both imaging modalities, '*F-FDG PET and CMR, are very useful in
CS and can be used in conjunction to diagnose and evaluate CS. Fibrosis can be
identified as LGE on CMR, and inflammatory infiltration can be detected via
increased '*F-FDG uptake on PET. Each modality can highlight different path-
ophysiologic processes in CS, and for this reason, both studies are valuable
tools to diagnose and monitor the progression of the disease process.

D. Other imaging modalities: Thallium-201 myocardial perfusion single photon emission
computed tomography (2011h_SPECT), technetium 99m-methylene diphosphonate single-

photon emission computed tomography (°°™Tc MDP SPECT), 67-gallium citrate (°’Ga) scintig-
hy, and rubidium-82 positron emission computed tomograp

Like '®F-FDG PET, Thallium-201 myocardial perfusion single photon emission-
computed tomography or *°*Th-SPECT is a form of radionuclide imaging used
in the evaluation of CS. 2°'Th-PET has a documented left ventricular perfusion
defect detection rate of approximately 30% [22, 99] and has been also valuable
in detection of abnormal right ventricular perfusion [100]. Similar to CMR and
'SE_FDG PET, perfusion defects on *°'Th-SPECT that do not follow coronary
artery anatomy and exist in the presence of normal coronary studies are con-
sistent with granulomatous disease [101]. Although this diagnostic process is
similar to other myocardial perfusion imaging modalities, its reliability is
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questionable. There is evidence suggesting that microvascular vasoconstriction
may be responsible for the perfusion defects seen on *°'Th-SPECT, as revers-
ibility of perfusion defects has been documented between post-injection rest
and delayed imaging studies [101]. Evidence which depicts a relationship
between abnormal *°*Th-SPECT studies and clinical cardiac dysfunction is also
lacking. Given this information, in the absence of clinical cardiac signs or
symptoms, >*'Th-SPECT is not recommended as a routine screening tool for CS.

There are other radionuclide imaging modalities available, although they
have fallen out of favor in light of more sensitive and specific imaging tech-
niques. Technetium 99m-methylene diphosphonate single photon emission-
computed tomography (°”™Tc MDP SPECT) Scintigraphy and 67-Gallium
Citrate (°“Ga) Scintigraphy are amongst the sparsely used and now somewhat
antiquated imaging techniques. Although °’Ga scintigraphy has been incorpo-
rated into the modified diagnostic criteria in the JMHW guidelines, most centers
do not pursue such imaging, as studies have demonstrated its inferiority, in
terms of sensitivity and diagnostic accuracy to '*F-FDG PET [102]. Similarly,
perfusion abnormalities visualized on °*”™Tc MDP SPECT are not diagnostic of
CS and their clinical significance has yet to be established [103].

Rubidium-82 positron emission computed tomography (82-Rb PET) is
another less often used radionuclide imaging modality. It does offer some
advantages when compared to when compared to **™Tc MDP SPECT. It has
greater sensitivity (91%) and specificity (90%) with lower radiation exposure
[104, 105]. Rest and stress 82-Rb PET imaging is roughly equivalent to the
average person’s annual natural radiation exposure in the USA [105, 106].
Additionally, 82-Rb PET was able to outperform *°™Tc MDP SPECT in terms of
diagnostic accuracy in patients with body mass index greater than 30 kg/m? and
in women with large breast size, 85 and 67%, respectively [105, 107], and offer
more information on myocardial blood flow (MBF) [108, 109], which may aid
in the detection of inflammatory and fibrotic myocardial disease.

E. Novel PET tracers: 18f_|yrpiridaz positron emission computed tomography (*F-Flurpiridaz

PET), *N-ammonia positron emission computed tomography (*N-Ammonia PET), and ®®Ga-
DOTANOC

Along with the advent of newer imaging modalities, novel radionuclide tracers
have been developed which may greatly surpass their antiquated counterparts
in terms of diagnostic accuracy for cardiac pathophysiology. '*F-Flurpiridaz
positron emission computed tomography ('®F-Flurpiridaz PET) and '*N-Am-
monia positron emission computed tomography (*N-Ammonia PET) are two
novel radionuclide tracers that are in development which may greatly aid in
early detection of CS. *®F-Flurpiridaz binds to mitochondrial complex 1 which
allows for high-resolution myocardial perfusion imaging (MPI) [110]. Similar
to 82-Rb PET, '®F-Flurpiridaz PET offers enhanced clarity in obese patients or in
women with large breasts, but with reduced radiation levels. Based on the
clinical studies available, when compared to SPECT MPI which is the current
standard of care, it appears that '*F-Flurpiridaz PET may provide higher reso-
lution imaging, increased diagnostic certainty, reduced patient radiation expo-
sure, and more accurate risk stratification [110-112]. "*N-Ammonia PET adds
diagnostic value as it allows for quantification of myocardial flow reserve
(MFR), particularly in patients with normal MPI which can potentially unmask
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clinically significant cardiac pathophysiology. In a Phase 2 trial focused on
detection of coronary artery disease (> 50% stenosis by coronary angiography),
'8E_Flurpiridaz had a higher sensitivity (78.8 vs 61.5%) and a stronger negative
predictive value when compared to SPECT [112]. Considering their proposed
increased detection rates of perfusion defects, it can be implied that these
imaging modalities may offer potentially superior diagnostic accuracy for CS as
perfusion defects (non-coronary artery distribution) are common. Currently,
18F-Flurpiridaz, I3N-Ammonia, in addition to other tracers (i.e., 11C-PBR28,
F18-FSPG and DOTATAE) are undergoing further clinical trials investigating
their potential use in CS patients and are demonstrated in Table 2.

Lastly, °®®*Ga-DOTANOC is an alternative radionucleotide tracer that binds to
somatostatin receptors on inflammatory cells, specifically in sarcoid granulo-
mas, which requires a less rigorous fasting protocol compared to '*F-FDG PET
and has shown promising results in a small Danish study where “®Ga-
DOTANOC tracer use yielded 100% diagnostic accuracy, proving it to be a
viable alternative to '®F-FDG PET [113]. It has also shown greater sensitivity in
disease activity monitoring when compared to conventional CMR; the reason-
ing being that LGE on CMR primarily depicts myocardial scarring, while *®*Ga-
DOTANOOC is actively bound to activated macrophages, lymphocytes, and
epithelioid cells. Unfortunately, with ®*Ga-DOTANOC PET, immunosuppres-
sive therapy at the time of imaging may alter results, increasing the rate of false-
negative reports [114].

F. Simultaneous hybrid cardiac imaging: 18_fpG PET/CMR

Recently, some centers have taken on a hybrid imaging approach by combining
'SE.FDG PET with CMR [115]. A small single-center study (N = 51) compared
simultaneous '®F-FDG PET and LGE on CMR to current accepted diagnostic
imaging modalities ('*F-FDG PET alone and CMR alone). This study found that
simultaneous hybrid imaging was superior to conventional imaging in terms of
sensitivity (94%), specificity (44%), positive predictive value (76%), and neg-
ative predictive value (80%). The sensitivity for '*F-FDG PET is 85% and LGE
on CMR is 82%. The prevalence of CS in this patient population was 65% (N =
33) [88]. Simultaneous hybrid cardiac imaging allows for high-resolution
morphologic and functional data collection via LGE-CMR [95¢] while retaining
the ability to assess for myocardial viability, perfusion, inflammatory metabo-
lism processes, and abnormal cardiac deposition via '*F-FDG PET. Compared
to PET-CT, '®F-FDG PET CMR offers many advantages, including attenuation
correction without additional radiation, detection of edematous tissue, and
improved image quality in regard to myocardial viability, perfusion, cardiac
morphology, and function [95¢]. Recent studies also predict that hybrid cardiac
imaging may allow clinicians to differentiate between active and inactive dis-
ease, as both positive PET and LGE on MRI suggest active CS, while PET-
negative and LGE MRI-positive imaging may correlate with inactive disease with
residual fibrosis [95¢]. This mentioned benefit may aid in the monitoring of CS
and response to therapy [116]. As both '*F-FDG PET and CMR are indicated
imaging studies for the evaluation of CS [83], and there is no clear consensus on
which modality is superior [104, 117], simultaneous hybrid cardiac imaging
should be considered.
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Framework of combined PET/CMR studies establishes a new monumental
mark in our role as imagers and caregivers for these patients. The combination
of CMR and FDG-PET imaging may add significant incremental benefit for
many patients. Vita et al. demonstrated this in a recent paper with utilization of
CMR, FDG-PET, and combination of both in assessment of the likelihood of CS
and guidance of patient management. The combination of FDG-PET and CMR
image data reclassified 45% (high probable and higher likelihood groups) of
patients compared with single-modality imaging [118e, 119]. On the contrary,
Dweck et al. postulated in a recent prospective combined PET/MRI study only
32% of their patients with both PET and MRI (LGE)-positive tests to suffer from
active CS. As mentioned previously, it is important to keep in mind that PET-
negative findings with positive LGE in MRI can be rather considered as inactive
CS with remaining scar [87, 95e].

Conclusion

Awareness about CS is growing with increased understanding of the disease
process and case detection in autopsy studies. Due to the nature of cardiac
involvement, diagnosis of CS remains a challenging task for the clinician. Even
with detailed history and clinical exam with basic cardiac workup including
ECG and transthoracic echocardiography, the diagnosis is frequently missed.
This has prompted extensive research in cardiac imaging for prompt detection
of cardiac involvement. There has been promising development in cardiac
imaging studies in recent years, resulting in increasing pre-mortem identifica-
tion of CS cases. CMR and '®F-FDG-PET have shown high sensitivity and
specificity, making them the imaging modalities of choice. Newer imaging
modalities with novel agents like '®F-Flurpiridaz PET, '>’N-Ammonia PET, and
®8Ga-DOTANOC are currently undergoing testing and have showed promise in
initial small studies. However, further research is needed to establish a unified
approach and increase detection rates of CS. Recent advancements in imaging
techniques continue to shape the narrative on how best to diagnose this disease.
At this point in time, there does not seem to be a gold standard non-invasive test
that accomplishes the goals of being readily available, inexpensive, sensitive,
and specific for diagnosis of CS.

Like many other diseases in medicine, CS requires awareness and clinical
suspicion of the disease coupled with knowledge of the strengths and weak-
nesses of each imaging modality. This knowledge can help guide the clinician to
order the best test or tests to make the diagnosis and monitor treatment of CS.
As knowledge about the disease increases and diagnostic techniques are refined,
one can hope for earlier diagnosis of the condition which hopefully will lead to
better patient outcomes.
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