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Diagnosis of cardiac sarcoidosis: a primer for non-imagers
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Abstract

Sarcoidosis is a multisystem granulomatous disorder that can potentially involve any organ. Cardiac involvement in sarcoidosis has
been reported in up to 25% of patients based on autopsy and imaging studies. The gold standard for diagnosing cardiac sarcoidosis is
endomyocardial biopsy demonstrating non-caseating granulomas; however, this technique lacks sensitivity due to the patchy nature of
myocardial involvement. This, along with the non-specific clinical presentation, renders the diagnosis of cardiac sarcoidosis extremely
challenging. Difficulties in obtaining histopathologic diagnosis and the advances in imaging modalities have led to a paradigm shift
toward non-invasive imaging in the diagnosis of cardiac sarcoidosis. Advances in cardiac imaging modalities have also allowed
unprecedented insights into the prevalence and natural history of cardiac sarcoidosis. This review discusses the role of non-invasive
imaging for diagnosis, risk stratification, and monitoring the response to therapies in cardiac sarcoidosis. Echocardiography remains
the first-line modality due to widespread availability and affordability. Cardiac magnetic resonance imaging (CMR) can be used to
study cardiac structure, function, and most importantly tissue characterization to detect inflammation and fibrosis. Fluoro-deoxy
glucose positron emission tomography (FDG PET) is the gold standard for non-invasive detection of cardiac inflammation, and it
offers the unique ability to assess response to therapeutic interventions. Hybrid imaging is a promising technique that allows us to
combine the unique strengths of CMR and FDG PET. Understanding the advantages and disadvantages of each of these imaging
modalities is crucial in order to tailor the diagnostic algorithm and utilize the most appropriate modality for each patient.
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Abbreviations PET Positron emission tomography
ATS American Thoracic Society SPECT Single positron emission tomography
CMR Cardiac magnetic resonance imaging TTE Trans-thoracic echocardiogram

EKG Electrocardiogram
EMB Endomyocardial biopsy

FDG  Fluoro-deoxy glucose Introduction

HRS Heart Rhythm Society

JMHW  Japanese Ministry of Health and Welfare Sarcoidosis is a multisystem granulomatous inflammatory
LGE Late gadolinium enhancement disorder of unknown etiology. It was first described by Sir
LVEF  Left ventricular ejection fraction Jonathon Hutchinson in 1878 [1]. Advances in diagnostic
MPI Myocardial perfusion imaging modalities have resulted in increased recognition and preva-

lence of this condition. The diagnosis, however, is elusive
and remains challenging to this date. In this review, we dis-
cuss the role of various imaging modalities in the evaluation
of cardiac sarcoidosis.
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Although studies suggest an association between certain
genotypes and cardiac sarcoidosis, there are no avai-
lable genetic markers to identify individuals with a
predisposition for cardiac involvement in sarcoidosis [4,
1.

Understanding the histopathologic features of cardiac
sarcoidosis allows for the appropriate diagnostic tests to
be utilized for evaluation. Cardiac sarcoidosis predomi-
nantly involves the myocardium, with the most common
sites being interventricular septum, followed by the left
ventricular free wall, papillary muscles, and right ventricle
[6]. Histopathologic studies have shown the following pat-
terns in sarcoidosis [7]:

1. Edema and lymphocytic infiltration: Interstitial edema
can be detected on cardiac magnetic resonance imaging
(CMR) with late gadolinium enhancement (LGE) and
T2 imaging. Lymphocytic infiltration can be identified
using fluorodeoxyglucose positron emission tomography
(FDG-PET) to detect increased glucose uptake by meta-
bolically active leucocytes.

2. Granulomatous inflammation: Non-caseating granu-
lomas are the histopathologic hallmark of sarcoidosis.
CMR can identify areas of fibrosis associated with
granulomas, whereas FDG-PET can identify areas of
inflammation due to increased glucose uptake in acti-
vated macrophages.

3. Replacement fibrosis: This can be identified as an area of
perfusion defect on single positron emission tomography
(SPECT) or PET or abnormal LGE on CMR.

Epidemiology

Sarcoidosis is a multisystem disorder with diverse mani-
festations, and therefore, patients with sarcoidosis may
present to different sub-specialty clinics depending on the
end-organ involvement. The majority of patients with sar-
coidosis have pulmonary involvement; other organs that
may be involved are the heart, skin, joints, eyes, liver,
spleen, and kidneys [8]. Clinically manifest cardiac sar-
coidosis has been reported in about 2—5% of patients with
systemic sarcoidosis [6, 9]. However, autopsy studies show
that the prevalence of cardiac involvement in sarcoidosis
is as high as 25% [10-12]. Isolated cardiac sarcoidosis,
defined as cardiac involvement with no preexisting diagno-
sis of systemic sarcoidosis has been reported in one- third
of all presentations of cardiac sarcoidosis [13, 14]. Early
diagnosis of cardiac involvement is important for risk
stratification and initiation of targeted therapies.

The reported prevalence of cardiac sarcoidosis from
imaging studies aligns closely with data from autopsy
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studies [15, 16]. Therefore, advances in imaging have
allowed early detection of clinically silent cardiac involve-
ment, resulting in increasing prevalence of cardiac sarcoido-
sis over the years [17].

Clinical features

From a clinical standpoint, the key sequelae of cardiac sar-
coidosis are as follows: (1) heart failure, (2) conduction
abnormalities, (3) ventricular arrhythmias, and (4) sudden
cardiac death. [13, 18].

Congestive heart failure in cardiac sarcoidosis may be
due to involvement of the left ventricle, right ventricle, or
both. Left ventricular ejection fraction (LVEF), left ventricu-
lar cavity size, and New York Heart Association functional
class are independent predictors of mortality [19]. In a case
series of 16 patients undergoing orthotopic heart trans-
plantation for cardiac sarcoidosis, the total QRS voltage on
12-lead EKG was found to be low, despite increased weight
of the heart [20]. Patients presenting with heart failure as the
first clinical manifestation of cardiac sarcoidosis have poor
outcomes, likely due to advanced disease [17].

Conduction abnormalities may be secondary to granu-
lomatous inflammation and fibrosis involving the sinoatrial
node, atrio-ventricular node, or His-Purkinje system and
their corresponding vasculature. According to the 2014
Heart Rhythm Society (HRS) Consensus statement, unex-
plained Mobitz II or third-degree atrioventricular block in
young patients aged less than 60 years should raise suspicion
for cardiac sarcoidosis, and these patients should undergo
chest computed tomography as well as advanced cardiac
imaging for further evaluation [18].

Supraventricular tachyarrhythmias in cardiac sarcoido-
sis may be due to diastolic dysfunction, increased left atrial
pressure, pulmonary hypertension, or atrial granulomatous
fibrosis. Patients with atrial LGE on CMR are three times
more likely to develop atrial arrhythmias than those without
[21].

Ventricular tachyarrhythmia is the most feared complica-
tion of cardiac sarcoidosis with scar-related re-entry being
the most common underlying mechanism [22, 23]. Coleman
et al. conducted a meta-analysis of 10 studies involving 760
patients with known or suspected cardiac sarcoidosis who
underwent CMR. They found that amongst patients with
preserved LVEF (>50%), presence of LGE on CMR pre-
dicted death or ventricular arrhythmia with an odds ratio
of 19.43 (CI 7.62 — 49.56); this association was not present
amongst those with reduced LVEF [24]. Similarly, active
inflammation detected by increased FDG uptake on cardiac
PET scan identifies patients at higher risk for death and
ventricular arrhythmias [25]. Therefore, advanced cardiac
imaging modalities such as CMR and PET offer incremental
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prognostic utility above and beyond assessment of LVEF,
and are especially useful for risk stratification in patients
with preserved left ventricular systolic function.

Diagnosis

The gold standard for diagnosis of cardiac sarcoidosis is
an endomyocardial biopsy (EMB) showing non-caseating
granulomas with fibrosis, few eosinophils, and little myo-
cyte necrosis after the exclusion of other causes (Fig. 1)
[26]. However, patients with advanced stages of the dis-
ease may have non-specific scar pattern. In a study of 25
explanted hearts from patients undergoing heart transplant
for advanced heart failure due to cardiac sarcoidosis, 36%
were found to have no granulomas in the explanted heart
[27]. Additionally, due to the focal and patchy involvement
of granulomas with predilection to the mid-myocardial and
epicardial layers rather than the endocardium, EMB has
poor sensitivity at 20-30% [28, 29]. Due to the difficulty in
obtaining a histopathologic diagnosis and with the advances
in imaging modalities over the past two decades, there is a
paradigm shift towards non-invasive imaging in the diagnos-
tic criteria of cardiac sarcoidosis.

In 1993, the first diagnostic criteria for cardiac sarcoido-
sis were published by the Japanese Ministry of Health
and Welfare JMHW), and subsequently updated in 2006
[30]. Given the new developments in cardiac imaging, the

Fig. 1 Histological findings of open-chest myocardial biopsy speci-
mens, showing non-caseating epithelioid cell granuloma (hematoxy-
lin and eosin staining; (A) 100 x and (B) 400 x)

Japanese society acknowledged the shortcomings of the
older guidelines and released an update in 2017 [31]. In the
update, criteria for diagnosing isolated cardiac sarcoidosis
were created, the use of 18F-FDG was added, and the role
of CMR was upgraded from minor to major in the diagnostic
criteria (Table 1).

Meanwhile, in 2014, the HRS released an expert Consen-
sus Statement on the Diagnosis and Management of cardiac
sarcoidosis arrhythmia [18]. In this statement, apart from
confirming the diagnosis via a biopsy, a “probable diagno-
sis” (defined as > 50% likelihood) of cardiac sarcoidosis can
be established based on a histological diagnosis of extra-
cardiac sarcoidosis along with typical clinical, imaging, or
electrocardiographic findings (Table 2).

There is a paucity of data regarding screening for cardiac
sarcoidosis in patients with proven extra-cardiac sarcoidosis.
Mehta et al. evaluated 62 patients diagnosed with sarcoidosis
and found a prevalence of CS at 39%. Expectedly, patients
with cardiac sarcoidosis had more cardiac symptoms than
those without (46% vs 5%, respectively) and were more
likely to have abnormal Holter monitoring findings (50% vs
3%, respectively) and trans-thoracic echocardiogram (TTE)
findings (25% vs 5%, respectively). Interestingly, the degree
of pulmonary impairment did not predict cardiac sarcoidosis
[32]. In another analysis, combining a TTE and an electro-
cardiogram (EKG) had a sensitivity of only 32% while the
combination of TTE and ambulatory EKG had a sensitiv-
ity of 63% [33]. The current advances in CMR and nuclear
imaging techniques increase the sensitivity for detection of
cardiac sarcoidosis. Their use is restricted, however, due to
high cost, limited expertise, and availability.

For patients with biopsy-proven extra-cardiac sarcoidosis,
the HRS committee recommends obtaining a cardiac history
and an EKG (class I), and screening for cardiac involvement
with a TTE (class Ila). Advanced cardiac imaging (CMR or
FDG-PET) can be done in patients with signs or symptoms
suggestive of cardiac sarcoidosis. However, their routine use
in asymptomatic patients is not recommended (class III).

Echocardiography

Echocardiography represents the first line cardiac imaging
modality due to wide availability and affordability. How-
ever, it has limited sensitivity and specificity for the detec-
tion of cardiac sarcoidosis. As mentioned earlier, screen-
ing by TTE in asymptomatic patients with extra-cardiac
sarcoidosis is recommended by the HRS but not by ATS.
Echocardiographic findings are highly variable in cardiac
sarcoidosis and are difficult to distinguish from other types
of cardiomyopathy.

Cardiac sarcoidosis has a higher predilection for involve-
ment of the left ventricle [34]. Therefore, commonly noted
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Table 1 Japanese Ministry of Health and Welfare criteria for cardiac sarcoidosis

Criteria for cardiac involvement of sarcoidosis

1. Major criteria

(a) High-grade atrioventricular block or fatal ventricular arrhythmia

(b) Basal thinning of the ventricular septum or abnormal ventricular wall anatomy (ventricular aneurysm, thinning of the middle or upper ven

tricular septum, regional ventricular wall thickening)

(c) Left ventricular contractile dysfunction (left ventricular ejection fraction less than 50%)

(d) 67 Ga citrate scintigraphy or 18F-FDG PET reveals abnormally high tracer accumulation in the heart

(e) Gadolinium-enhanced CMR reveals delayed contrast enhancement of the myocardium

2. Minor criteria

(f) Abnormal ECG findings: Ventricular arrhythmias (nonsustained ventricular tachycardia, multifocal or frequent premature ventricular contrac-

tions), bundle branch block, axis deviation, or abnormal Q waves

(g) Perfusion defects on myocardial perfusion scintigraphy (SPECT)

(h) Endomyocardial biopsy: Monocyte infiltration and moderate or severe myocardial interstitial fibrosis

Cardiac involvement is strongly suggested in the presence of
1. Two or more of the five major criteria are needed

2. One of the five major criteria and two or more of the minor criteria is needed

Diagnostic guidelines for cardiac sarcoidosis

1. Histological diagnosis group

Cardiac sarcoidosis is diagnosed histologically when endomyocardial biopsy or surgical specimens demonstrate non-caseating epithelioid granulomas

2. Clinical diagnosis group (those with negative myocardial biopsy findings or those not undergoing myocardial biopsy)

The patient is clinically diagnosed as having sarcoidosis when

1. Epithelioid granulomas are found in organs other than the heart, and clinical findings strongly suggestive of the above-mentioned cardiac

involvement are present
or

2. The patient shows clinical findings strongly suggestive of pulmonary or ophthalmic sarcoidosis; characteristic laboratory findings of sarcoidosis,
and clinical findings strongly suggest the abovementioned cardiac involvement

Diagnostic guidelines for isolated cardiac sarcoidosis

1. No clinical findings characteristic of sarcoidosis are observed in any organs other than the heart

2. 67 Ga scintigraphy or 18F-FDG PET reveals no abnormal tracer accumulation in any organs other than the heart

3. A chest CT scan reveals no shadow along the lymphatic tracts in the lungs or no hilar and mediastinal lymphadenopathy (minor axis > 10 mm)

Histological diagnosis group: Isolated cardiac sarcoidosis is diagnosed histologically when endomyocardial biopsy or surgical specimens demonstrate

non-caseating epithelioid granulomas

Clinical diagnosis group: Isolated cardiac sarcoidosis is diagnosed clinically when the criterion (d) and at least three other criteria of the major

criteria (a)—(e) are satisfied (Major criteria)

echocardiographic findings include left ventricular dys-
function, global hypokinesis, and left ventricular dilatation.
Edema and infiltration in the ventricular wall can cause mild
wall thickening simulating left ventricular hypertrophy or
resembling hypertrophic cardiomyopathy [35]. Granuloma-
tous inflammation and scar formation in the ventricular sep-
tum or the free wall can cause increased ventricular wall
echogenicity and ventricular wall thinning leading to ven-
tricular aneurysms, most commonly in the inferolateral wall.
The patchy nature of sarcoid infiltration of the heart may
result in non-coronary regional wall motion abnormalities.
Due to chronic inflammation within the myocardium, dif-
ferent grades of diastolic dysfunction can occur. Papillary
muscle dysfunction leading to mitral and tricuspid regurgita-
tion has been reported [36, 37].

Right ventricular involvement is usually secondary to
pulmonary hypertension in the setting of left ventricular

@ Springer

dysfunction or pulmonary sarcoidosis. Primary right ven-
tricular involvement is less common but can result in focal
or global dysfunction [38]. Rarely, it can present in an echo-
cardiographic picture similar to that of arrhythmogenic right
ventricular cardiomyopathy [39]. Pericardial involvement
may lead to pericardial effusions and rarely cardiac tam-
ponade or constrictive pericarditis [40].

Strain imaging has proven to be beneficial in amyloid heart
disease, hypertrophic cardiomyopathy, and chemotherapy-
related cardiotoxicity prompting investigators to study its role
in cardiac sarcoidosis [41]. Murtagh et al. showed that cardiac
sarcoidosis was associated with significantly reduced global
longitudinal strain in the presence of preserved LVEF [42].
Moreover, a retrospective study that included 117 patients
with extra-cardiac sarcoidosis showed that reduced global
longitudinal strain was strongly associated with adverse
future heart failure-related hospitalizations, need for device
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Table 2 HRS expert consensus
recommendations on criteria for

There are 2 pathways to a diagnosis of cardiac sarcoidosis:

the diagnosis of CS

1. Histological diagnosis from myocardial tissue CS

Is diagnosed in the presence of non-caseating granuloma on histological examination of myocardial tissue
with no alternative cause identified (including negative organismal stains if applicable)

2. Clinical diagnosis from invasive and non-invasive studies: it is probable” that there is CS if:

a) There is a histological diagnosis of extra-cardiac sarcoidosis

and

b) One or more of following is present

o Steroid +immunosuppressant responsive cardiomyopathy or heart block

e Unexplained reduced LVEF (<40%)

e Unexplained sustained (spontaneous or induced) VT

e Mobitz type II 2nd degree heart block or 3rd degree heart block

e Patchy uptake on dedicated cardiac PET (in a pattern consistent with CS)
e Late gadolinium enhancement on CMR (in a pattern consistent with CS)
e Positive gallium uptake (in a pattern consistent with CS)

and

c¢) Other causes for the cardiac manifestation(s) have been reasonably excluded

“In general, “probable involvement” is considered adequate to establish a clinical diagnosis of CS

therapy, arrhythmias, and all-cause mortality [43]. Although
strain imaging has the potential of solidifying its role in car-
diac sarcoidosis detection, presently the data is very limited.
Hence, prospective studies comparing strain to other imaging
modalities are needed.

Diagnostic accuracy

Echocardiography has poor sensitivity for detection of early
cardiac sarcoidosis. In a retrospective study of 62 patients
with sarcoidosis, Mehta et al. reported that echocardio-
graphic abnormalities were noted only in 25% of patients
who had CMR or FDG-PET evidence of cardiac sarcoido-
sis [32]. Therefore, a normal appearing echocardiogram is
insufficient to rule out cardiac sarcoidosis and advanced
imaging modalities must be considered if clinical suspicion
is high.

CMR

Cardiac magnetic resonance imaging (CMR) is an important
diagnostic tool in the evaluation of non-ischemic cardiomyo-
pathy, allowing assessment of cardiac structure, function,
and tissue characteristics [44]. Scan acquisition protocols
for patients with suspected cardiac sarcoidosis include low
resolution localizer images, cine imaging in multiple planes,
T2-weighted imaging, and LGE [37, 45]. T1 imaging is used
to assess ventricular hypertrophy, wall thinning, and wall func-
tion; early T2 imaging helps identify edema whereas late T2
imaging is used for assessment of fibrosis and scarring (Fig. 2).

Detecting cardiac sarcoidosis by CMR relies on identify-
ing the presence of LGE along the ventricular wall in pat-
terns that do not follow a coronary distribution [37, 45, 46].

The most commonly involved myocardial segments are the
basal and mid-ventricular septum, and left ventricular lat-
eral wall. The mid-myocardial and epicardial layers are fre-
quently affected with relative sparing of the sub-endocardial
tissue. These have been associated with worsening arryth-
mia is sarcoid patients [47]. Increased myocardial signal
intensity on T2-weighted imaging suggests increased water
content, i.e., edema. However, this technique is limited by
frequent artifacts and poor signal to noise ratio, and its use
has not been validated in cardiac sarcoidosis [48].

Diagnostic accuracy

In a multicenter study, Smedema et al. evaluated 58 patients
with biopsy-proven pulmonary sarcoidosis and compared
diagnostic accuracy of CMR using JIMHW criteria as the gold
standard. They reported a sensitivity of 100% and specificity of
78%, with overall accuracy of 83% [46]. Patel et al. studied 81
consecutive patients with histologically proven extra-cardiac
sarcoidosis and found that CMR was more than twice as sensi-
tive for detection of cardiac involvement compared to IMHW
criteria. They also found that the presence of LGE portended
poor outcomes (9 times higher rate of adverse events and 11.5
times higher rate of cardiac death) compared to those without
evidence of delayed enhancement [45].

Role of CMR in the evaluation of cardiac sarcoidosis

The unique advantages of CMR in non-invasive evaluation of
cardiac sarcoidosis include:

1. High sensitivity for detection of inflammation and fibro-
sis
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Fig.2 CMR images before and
after treatment with corticos-
teroid. Baseline images show
patchy scaring in the antero-
lateral wall, papillary muscles
and septum. Repeat images
after 4 months of therapy with
corticosteroid show minor reso-
lution of the late gadolinium
enhancement

Pre therapy MRI

2. Ability to guide endomyocardial biopsy to increase diag-
nostic yield
3. Lack of ionizing radiation.

However, there are some limitations for this technique
which include:

1. Renal insufficiency precludes the use of gadolinium
Artifact from cardiac implantable electronic devices
such as pacemakers and automatic implantable cardio-
verter defibrillators may limit interpretability.

3. LGE findings are not specific for cardiac sarcoidosis and
it may be challenging to differentiate from myocarditis,
and other inflammatory cardiomyopathies.

4. Inability to differentiate active disease from chronic
fibrosis. This limits the application of CMR in assess-
ing response to therapy.

Radionuclide imaging

Radionuclide imaging with gallium-citrate SPECT and
FDG-PET can be used to detect myocardial inflammation
and perfusion defects. Due to lower sensitivity and poor
spatial resolution, gallium citrate SPECT has limited util-
ity and should be used only if FDG-PET is not available
[49, 50]. FDG-PET has emerged as a promising modality
to assess the extent of myocardial involvement as well as
systemic sarcoidosis [51].
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Post therapy MRI

Image interpretation involves analysis of FDG uptake
as well as perfusion images to detect resting defects. FDG
is an analog of glucose that can be used to identify tis-
sue with high rate of glucose metabolism. The accumu-
lation of FDG in activated macrophages is the rationale
for detection of active granulomas by FDG-PET imaging
[52]. Perfusion defects in patients with cardiac sarcoido-
sis represent segments with inflammation (compression of
microvasculature due to edema) or fibrosis.

Patient dietary preparation is the most crucial aspect
of the protocol and is required to suppress physiologic
myocardial glucose uptake and optimize image quality.
This entails a no-carbohydrate, high-fat diet for about 18
to 24 h prior to the test followed by an overnight fast [53].
The concomitant administration of 50 IU/Kg of intrave-
nous heparin (which induces lipolysis) can also be utilized
and improves the interpretability of FDG-PET scans for
detection of inflammation [54].

Image interpretation

With adequate myocardial glucose suppression and in the
absence of inflammation, FDG is seen in the left ventricu-
lar blood pool (which appears brighter than the myocar-
dium). Based on FDG uptake, the images are reviewed
for the following possible metabolic patterns: (a) no FDG
uptake (b) diffuse FDG uptake, (c) focal FDG uptake, (d)
focal on diffuse FDG uptake. Myocardial perfusion imaging
and FDG uptake images are then aligned and interpreted
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Fig.3 Rest rubidium and

FDG images pretherapy show
normal resting perfusion but
patchy FDG uptake in the basal
antero-septum and inferior wall
segments consistent with an
inflammatory cardiac process.
Repeat images after 4 months
of therapy with corticosteroid
show normal resting perfusion
and normal blood pooling of
FDG consistent with resolution
of inflammation
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Pre therapy

simultaneously for the following possible patterns (Fig. 3)
[15,37,55]:

a) Normal perfusion and no FDG uptake: this pattern rep-
resents normal myocardium.

Normal perfusion and increased FDG uptake: this pat-
tern is seen in segments with early disease, i.e., inflam-
matory activity.

¢) Reduced perfusion and increased FDG uptake: this pat-
tern represents presence of active inflammation and
scarring.

Reduced perfusion and no FDG uptake: the perfusion
defect may be due to scarring from sarcoidosis or other
etiologies. Here, lack of FDG uptake is interpreted as
lack of active inflammation, but does not rule out the
possibility of cardiac sarcoidosis.

b)

d)

Diagnostic accuracy

A meta-analysis of seven studies assessing accuracy of FDG
PET scan for diagnosis of cardiac sarcoidosis with IMHW
criteria as the gold standard, showed pooled sensitivity of
89% and specificity of 78%. It is important to keep in mind
that the low specificity of FDG-PET in this scenario may
reflect on the poor sensitivity of IMHW criteria [15].

Role of FDG-PET in evaluation of cardiac sarcoidosis

FDG-PET is the gold standard for non-invasive evaluation
of myocardial inflammation. It has applications ranging

Post therapy

from detection of early active disease, monitoring ongoing
inflammation and response to treatment, and evaluation of
extra-cardiac involvement with full-body imaging [56]. It
is also the preferred modality in patients with cardiovascu-
lar implantable electronic devices such as permanent pace-
makers and implantable cardioverter defibrillators due to
concern regarding artifact with CMR. Some limitations of
FDG-PET scan include:

1. Use of ionizing radiation

2. Need for meticulous patient preparation to optimize
image quality. Unfortunately, 10-15% of these tests
remain non-diagnostic due to incomplete suppression
of physiologic FDG uptake despite careful preparation
[57].

Follow-up imaging to monitor therapy

Radionuclide imaging with serial FDG-PET scans is the
best available imaging modality to monitor response to
immunosuppressive therapy. Osborne et al. studied 23
consecutive patients undergoing serial PET scans during
treatment for cardiac sarcoidosis. They found that a reduc-
tion in extent or degree of FDG uptake was associated
with an increase in LVEF. Interestingly, they divided the
study cohort into responders and non-responders based
on the change in the FDG uptake over the follow up
period. Patients who had a decrease in FDG uptake were
defined as responders, whereas those who had increase
or no change in uptake were defined as non-responders.
Responders were found to have a significant increase in
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mean LVEF (8.6% +5.2%) whereas non-responders had
a decrease in mean LVEF (5.5% + 3.4%) [58]. In a ret-
rospective study of 28 patients with cardiac sarcoidosis
undergoing corticosteroid sparing maintenance therapy
(defined as methotrexate and/or adalimumab), patients
underwent serial FDG-PET scans at 6-month intervals.
FDG uptake resolution was noted in 60% of patients who
received methotrexate vs 63% of patients who received
adalimumab containing regimens [59]. Therefore, serial
FDG-PET imaging represents a unique opportunity to
non-invasively monitor the extent and intensity of cardiac
inflammation, and assess therapeutic efficacy. The ideal
time intervals for serial imaging are not known. There is a
need for interventional randomized clinical trials of imag-
ing guided titration of immunosuppressive therapy.

Hybrid imaging

CMR and FDG-PET CT represent complementary imaging
modalities in the evaluation of cardiac sarcoidosis. While CMR
is superior in terms of morphological and functional assess-
ment as well as tissue characterization, it cannot distinguish
active and chronic disease. On the other hand, FDG-PET CT is
unique in its ability to detect active myocardial inflammation.
Hybrid CMR/PET imaging allows us to combine the strengths
of both techniques. This can be accomplished either by co-
registration of separately acquired scans or in a single hybrid

Table 2: Characteristic

Look for major and minor criteria:

spected cardiac sarcoidosis
|

PET-CMR scanner [60]. A prospective study of 25 patients
with clinically suspected active cardiac sarcoidosis showed an
area under the curve of 0.98 on receiver operating characteris-
tic analysis for detection of active cardiac sarcoidosis [61]. In
a retrospective study of 107 consecutive patients referred for
evaluation of known or suspected cardiac sarcoidosis, addi-
tion of PET data to CMR findings led to 45% of patients being
reclassified as having a higher or lower likelihood of cardiac
sarcoidosis. Of these, most (80%) were correctly reclassified
when compared with the final diagnosis [62].

Diagnostic algorithm

The two specific clinical scenarios in which diagnostic
work-up for cardiac sarcoidosis is typically pursued are as
follows: (1) screening for cardiac involvement in patients
with biopsy proven extra-cardiac sarcoidosis and (2) evalu-
ation for cardiac sarcoidosis in patients with specific car-
diac presentations. Although echocardiographic findings
are neither sensitive, nor specific for cardiac sarcoidosis,
they may provide useful clues that raise clinical suspicion
and prompt the appropriate further diagnostic workup. Since
CMR has a high negative predictive value to exclude cardiac
sarcoidosis, and does not involve use of ionizing radiation, it
is the preferred advanced imaging modality for screening. In
patients with a high pre-test likelihood of cardiac sarcoido-
sis, or those who have cardiovascular implantable electronic

Table 1: Criteria for cardiac involvement
of sarcoidosis:

1. Major criteria

(a) High-grade atrioventricular block (including complete
atrioventricular block) or fatalventricular arrhythmia(e.

2 two major ORone majorand 2 two

findings of sarcoidosis: i
minor

3. High serum soluble interleukin-2 (3)
receptor (sIL-2R) levels

4. Significanttracer accumulation in 67Ga
citrate scintigraphy or 18F-FDG PET

S. A high percentage of lymphocytes with
aCD4/CD8 ratio of >3.5 in BAL fluid

mediastinal lymphadenopathy

extra-cardiactissue.

¥

\ (+)EmBX

(-) EMBX /

v

1. Bilateral hilar lymphadenopathy v

2. High serum angiotensin-converting Look for systemicinvolvement:

enzyme (ACE) activity or elevated serum (1) respiratory, ophthalmicand skin

lysozyme levels (2) Wholebody PET or Gallium for uptake in any other organs

Chest CT with no shadow along the lymphatictracts in the lungs or no hilarand

If suggestion of extra-cardiacsarcoidosis is present then biopsy should be attempted from the

(-) EMBX

g., sustained ventriculartachycardia and ventricular
fibrillation)

(b) Basal thinning of the ventricular septum or abnormal
ventricular wallanatomy (ventricular aneurysm, thinning
of the middle or upper ventricular septum, regional
ventricular wallthickening)

(c) Left ventricular contractile dysfunction (left ventricular
ejection fraction less than 50%)

(d) ¥7Ga citrate scintigraphy or 18F-FDG PET reveals

\ abnormally high tracer accumulation inthe heart

\ (e) Gadolinium-enhanced MR reveals delayed contrast
enhancement of the myocardium

2. Minor criteria

(f) Abnormal ECG findings: Ventricular arrhythmias
(nonsustained ventriculartachycardia, multifocal or
frequent premature ventricular contractions), bundle
branch block, axis deviation, or abnormal Qwaves

(g) Perfusion defects on myocardial perfusion scintigraphy
(SPECT)

(h) Endomyocardial biopsy: Monocyte infiltration and
moderate or severe myocardial interstitial fibrosis

\
\
X
/ \

\ (+)EMBx

| «

Clinical diagnosis group (those with negative
myocardial biopsy findingsor those not
undergoing myocardial biopsy).

Isolated cardiac sarcoidosisisdiagnosed clinically
when Gallium or PET show cardiacuptake and at
least 3 other major criteria are satisfied

<
Histological
diagnosis group

Clinical diagnosis group (those with negative
myocardial biopsy findingsor those not
undergoing myocardial biopsy).The patientis
clinically diagnosed as having sarcoidosis (1)
when epithelioid granulomasare found in
organs other than the heart, and

Criteria for cardiacinvolvement are present
(tablel); or (2) when the patient shows clinical
findings strongly suggestive of pulmonary or
ophthalmic sarcoidosis; at least two of the five
characteristic findings (table 2) of sarcoidosis
and meet clinicalcriteriafor cardiac
involvement (table 1).

Fig.4 Diagnostic algorithm for suspected cardiac sarcoidosis
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devices, it may be reasonable to proceed directly to FDG-
PET imaging. We present here a simplified diagnostic algo-
rithm in patients with suspected cardiac sarcoidosis (Fig. 4).

Conclusions

Non-invasive imaging plays a key role in the diagnosis, risk
stratification, and monitoring of response to therapeutic
interventions in cardiac sarcoidosis. It has enhanced our
understanding of the pathophysiology and natural history of
this intriguing disease. The use of advanced imaging modali-
ties to guide biopsy offers an exciting avenue to enhance the
yield and sensitivity of EMB. Further studies are needed to
define the optimal screening protocols for identifying car-
diac involvement in patients with known extra-cardiac sar-
coidosis. There is also a need for studies to explore the use
of advanced imaging modalities for patient selection, choice
of immunosuppressive agent, and dose titration of therapy
in cardiac sarcoidosis.
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