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Cardiac involvement in patients with sarcoidosis is an
important problem. While autopsy findings suggest
that up to 25% of patients with sarcoidosis (1) may have
myocardial granulomas, only about 5% (2) of American
patients with sarcoidosis manifest symptomatic cardiac
disease. Cardiac involvement may result in heart block,
wall motion abnormalities, cardiomyopathy, and malig-
nant arrhythmias, all of which may adversely impact
quality of life and survival (3). Since fatal arrhyth-
mia/sudden death or cardiomyopathy may be the first
manifestation of myocardial involvement (4, 5) there is
interest in early identification and more precise diagno-
sis of cardiac sarcoidosis (CS).

Advanced imaging modalities, including cardiac
positron emission tomography (PET) and cardiac
magnetic resonance (CMR), have emerged as critically
important tests by which cardiac sarcoidosis can be
identified and prognosis determined. Both modalities
can image inflammation and fibrosis — the two key dis-
tinctive features of CS. PET can identify active sarcoid
inflammation by means of 18-fluorodexoyglucose
(FDG) uptake and fibrosis by means of Rubidium-82
(Rb-82) or Nitrogen-13 (N-13) myocardial perfusion
imaging defects. CMR can identify inflammation be
means of T2-weighted imaging and fibrosis by means
of late gadolinium enhancement (LGE). Data compar-
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ing the diagnostic accuracy of PET vs. CMR in CS are
not well developed, while data supportive of the clini-
cal utility of each modality in isolation has been widely
reported. There is no consensus upon which test is su-
perior, with modality choice usually dependent upon
institutional availability and local expertise. Data sug-
gest that PET imaging with FDG may be more sensi-
tive than CMR imaging for detection of myocardial in-
flammation in sarcoidosis, in part due to the limited re-
producibility and challenge of interpretation of T2
weighted CMR imaging (6, 7). As an example, one re-
port presented a patient in whom an initial CMR was
negative while PET showed evidence of inflammation
by FDG, whereas a year later MRI showed delayed en-
hancement in the area previously shown to have FDG
uptake on PET (8). Conversely, CMR with late
gadolinium enhancement (LGE) imaging may be more
specific for the identification of the myocardial fibrosis
that can develop following granulomatous inflamma-
tion and LGE appears to predict adverse clinical out-
comes including death or arrhythmic events, whereas
absence of CMR-LGE appears predictive of low risk
(9,10).

Despite abundant data for both modalities, there is lit-
tle published guidance as to which test (CMR or PET)
to use in which clinical setting and no consensus of how
to report PET findings. The purpose of this document
is to propose a structure for the classification of cardiac
sarcoidosis using PET imaging, so as to establish a
standardization of reporting for both clinical and re-
search applications and allow for future comparison to
CMR (Table 1, Figure 1). This is important in order to
frame more robust comparative studies between CMR
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and PET to better define appropriate utilization, par-
ticularly because PET, unlike CMR, can be used to fol-
low disease progression and response to therapy in pa-
tients who have undergone implantation of a pacemak-
er or implantable conversion defibrillator (ICD).

In addition to FDG imaging, concomitant myocardial
perfusion imaging (Rb-82 or N-13) (11, 12) with PET
can provide complementary and additive information
about the sarcoid disease process in the heart (13). For
example, FDG uptake suggests the presence of inflam-
mation, while a perfusion abnormality, in the absence
of coronary stenosis in the matched vascular territory,
suggests myocardial fibrosis from granulomatous in-
flammation. This area should correspond to fibrosis

identified by CMR-LGE. Reports have supported this

Table 1. Proposed PET staging system of Cardiac Sarcoidosis
(CS).

Staging of CS is based on PET imaging and clinical manifesta-
tions of disease. Abnormal FDG uptake on PET scanning will be
either present (+ FDG) or absent (- FDG) and myocardial perfu-
sion imaging (assessed with Rb-82 or N-13) will be either Nor-
mal or Abnormal. Stage O reflects a normal PET (no abnormal
FDG uptake, normal perfusion). Imaging of CS showing only ab-
normal FDG uptake and no perfusion abnormality is designated
Stage I. When both abnormal FDG uptake and perfusion abnor-
malities are seen in the same or contiguous areas, Stage II cardiac
sarcoidosis is present. Stage III indicates both abnormal FDG
uptake and perfusion abnormalities, but the areas of abnormality
are not necessarily contiguous. Stage IV indicates perfusion ab-
normality without FDG uptake. Subscripts would be added to the
stage describing the clinical manifestations of CS; an “a” would
represent asymptomatic, or “silent” CS ; “b” would indicate a his-
tory of symptomatic bradycardia or conduction system disease
(i.e. LBBB, RBBB or any level of heart block); “c” would denote
cardiac dysfunction by presence of heart failure symptoms (NY-
HA class II-IV) or a left ventricular ejection fraction of less than
35%; and “d” would indicate the presence of ventricular dysrhyth-
mias (unexplained syncope, aborted sudden death, or document-
ed sustained ventricular tachycardia or ventricular fibrillation ei-
ther spontaneously or during electrophysiologic study).

(-) FDG (+) FDG
Normal Perfusion Stage 0 (normal) Stage I
Abnormal Perfusion  Stage IV Stage II (same
myocardial segments)
Stage III (different
segments)

Clinical Manifestations a — Asymptomatic
b — symptomatic Bradycardia or heart
Block
¢ — Cardiac dysfunction
d - ventricular Dysrhythmias

y— tage 1

FDG  Perfusion Overlay Perfusion Overlay

Perfusion Overlay

Fig. 1. Examples of PET Imaging Patterns for Classification of
Cardiac Sarcoidosis. (Top Left) Stage 0: Normal (absent) FDG
uptake and normal perfusion. (Top Right) Stage 1: Increased
FDG uptake and normal perfusion. (Middle Right) Stage 2: In-
creased FDG uptake and perfusion defects in some or all over-
lapping segments. (Bottom Right) Stage 3: Increased FDG up-
take and perfusion defects with no overlapping segments. (Bot-
tom Left) Stage 4: Normal (absent) FDG uptake and perfusion
defects. Representative short axis images (top) bulls eye images
(middle) and 17 segment model (bottom) for each example. Blue
infill represents segments with abnormal FDG uptake, red infill
represents segments with abnormal perfusion and red/blue com-
bined stripe represents segments with both abnormal FDG and
perfusion abnormalities.

assertion by observing that treatment with im-
munomodulatory medications may reduce or eliminate
FDG uptake/ inflammation, but that perfusion defects
are fixed (14-17). Thus decisions to treat with im-
munomodulatory agents would be impacted by the
presence of FDG uptake, and in the absence of FDG
myocardial uptake such treatment would generally be
withheld.

PET findings, either increased FDG uptake or Rb-
82/N-13 perfusion defects, are often in areas that cor-
relate to the electrical and/or mechanical function dis-
turbances such as wall motion abnormalities. Prognos-
tic studies in cardiac sarcoidosis of either increased
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FDG uptake and/or perfusion defects by PET have
been recently reported and provide evidence that the
addition of myocardial perfusion imaging to FDG
PET is helpful to define prognosis(13), and some data
suggest increased FDG uptake may be associated with
increased risk of VT (18, 19). CMR data using LGE
show that the irregular scars of sarcoidosis appear to be
particularly arrhythmogenic irrespective of ejection
fraction (9). Use of the FDG PET cardiac sarcoidosis
staging system proposed here will allow easier compar-
isons among these imaging modalities.

Staging of sarcoidosis based on imaging disease pat-
terns is not a new concept. In 1961, Scadding proposed
a now well known "staging” system for pulmonary sar-
coidosis based solely on the appearance of the chest x-
ray (20). The x-ray “stages” range from stage O (normal
chest X ray) to stage IV (fibrosis) with the implication
that progression occurs between stages. Data suggest
that radiologic stage correlates with overall prognosis
for pulmonary disease. We propose a similar classifica-
tion system for cardiac sarcoidosis based on PET imag-
ing and clinical manifestations, both of which may re-
flect the degree and activity of granulomatous myocar-
dial involvement and scar.

We feel that this system will be helpful to clinicians in
that it reflects the key issues in regard to treatment of
inflammation and cardiac function and to researchers as
it might serve as a framework for investigation and
standardized reporting of imaging findings.

Our proposed classification of PET imaging in CS is
based on imaging and clinical manifestations of disease,
and is analogous to the familiar Scadding staging of
pulmonary sarcoidosis ranging from Stage 0 to Stage
IV (see Table 1), realizing that the term ‘Stage’ refers to
the imaging disease pattern and not prognosis. Stage 0
reflects a normal PET (no abnormal FDG uptake, nor-
mal perfusion) in a patient with suspected CS. Imag-
ing of CS showing only abnormal FDG uptake and no
perfusion abnormality is designated Stage I. When
both abnormal FDG uptake and perfusion abnormali-
ties are seen in the same or contiguous areas, Stage II
cardiac sarcoidosis is present. Stage III indicates both
abnormal FDG uptake and perfusion abnormalities,
but the areas of abnormality are not necessarily con-
tiguous. Stage IV indicates perfusion abnormality
without FDG uptake, reflecting, presumably, scar. In
the future, should T2 imaging with CMR for CS be-
come routine, an analogous staging using CMR would
simply substitute T2-weighted imaging for FDG (to

identify edema related to inflammation) and LGE for
perfusion defects (to identify fibrosis). Thus, stage O
CMR would be no T2 abnormalities and no LGE,
whereas stage IV would be LGE without T2 abnor-
mality.

To add information relevant to patient management,
subscripts could be added to the stage describing the
clinical manifestations of CS; an “a” would represent
asymptomatic, or “silent” CS; “b” would indicate a his-
tory of symptomatic bradycardia or conduction system

disease (i.e. LBBB, RBBB or any level of heart block);

%]

¢” would denote cardiac dysfunction by presence of
heart failure symptoms (NYHA class II-IV) or a left
ventricular ejection fraction of less than 35%; and “d”
would indicate the presence of ventricular dysrhyth-
mias (unexplained syncope, aborted sudden death, or
documented sustained ventricular tachycardia or ven-
tricular fibrillation either spontaneously or during elec-
trophysiology study). Describing patterns of cardiac in-
volvement on the basis of information from FDG up-
take and perfusion has been described recently by Skali
et al. (21), but organizing this information as an imag-
ing tool analogous to that currently used for staging
lung involvement is novel.

Thus as an example, a patient with sarcoidosis is re-
ferred for cardiac PET, which shows FDG uptake and
perfusion abnormality in the septum. The ejection frac-
tion is normal. The patient subsequently suffers a syn-
copal episode, and is found to have inducible ventricu-
lar tachycardia during EP study; the staging for this pa-
tient would be Stage IId. Immunomodulatory therapy
in addition to ICD would be prescribed. If, in a future
follow-up PET, the FDG uptake regressed but the per-
fusion defect remained, the patient would be restaged
Stage IVd.

This vignette illustrates the desirability of using PET to
stage CS both because FDG uptake influences the de-
cision to treat with immunomodulatory agents, and be-
cause PET can be used to follow such patients even af-
ter the insertion of pacemaker or ICD.

Caution should be applied to any interpretation of car-
diac PET imaging to avoid false positive studies. Spe-
cific recommendations include ensuring appropriate
dietary preparation (22) in order to null physiologic
myocardial glucose uptake in FDG studies, and aware-
ness of other causes of focal myocardial glucose uptake
or perfusion abnormalities, such as myocardial ischemia
or infarction from obstructive coronary artery disease.
Also, a movement towards a quantitative rather than
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qualitative analysis of PET data, including utilization
of a standard uptake value (SUV)-driven interpretive
system, should decrease inter-observer subjectivity.
Caution should also be applied to the term “staging” as
it may result in patient anxiety related to the implica-
tions of higher stages, even when the actual prognostic
implications of such staging are not completely eluci-
dated. Further research will be required to more pre-
cisely define the implications of each stage.

Despite these caveats, we hope that this system will
serve as useful shorthand for the follow-up and man-
agement of CS patients, and might serve as a research
tool to examine the influence of various forms of CS on
treatment, morbidity and mortality.
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