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Cardiac imaging is used in patients with established
or suspected sarcoidosis for four major purposes: (1) to
identify cardiac involvement, (2) to assess severity,
extent, location, and stage of disease, (3) to gauge the
response to therapeutic intervention, and (4) to aid in
stratifying cardiac risk. Active sarcoid granulomas
contain inflammatory cells with high glycolytic activity,
forming the basis for visualization of the inflammation
with fluorine-18 fluorodeoxyglucose (FDG) PET imag-
ing. If normal myocardial glucose uptake is suppressed
by diet, prolonged fasting, and IV heparin, then FDG
accumulation should reflect glucose use by inflamma-
tory leukocytes.'?

Because visual PET image analysis can be chal-
lenging, Miller et al® sought to examine the benefit of
quantitative measurements of perfusion (rubidium-82)
and glucose utilization (FDG) for identifying cardiac
sarcoidosis (CS). Patients in the study (n = 69) ingested
a low-carbohydrate, high-fat diet for 36 hours, then
fasted for at least 8 hours. Histopathologic confirmation
of CS was available in 7 (4 of 5 explanted hearts had CS
at transplant, and two endomyocardial biopsies were
positive). For the others, the authors applied modified
Japanese Ministry of Health and Wellness (JMHW)
criteria to identify 29 individuals (42%) with definite or
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probable cardiac involvement and who were then con-
sidered to have CS.

PET IMAGE ANALYSIS

Summed rest perfusion scores (SRS) and total
perfusion deficit (TPD) scores were obtained from the
perfusion images. On the metabolic images, FDG uptake
was classified as absent, diffuse, focal, or focal on
diffuse.” Myocardial voxels with FDG standardized
uptake values (SUVs) > 1.3 and > 1.5 above the LV
blood pool SUV were identified, yielding VOI's (vol-
umes of interest) of abnormal activity. Cardiometabolic
activity (CMA) was derived by multiplying the abnor-
mal cardiac FDG activity volume by mean SUV ., of
the involved tissue (CMALVBP1.3 and CMALVBP1.5)~
Similarly, voxel volumes with SUV ., values exceeding
2.7 and 4.1 were identified to compute CMA,-; and
CMA, ;. CMA values are measurements which incor-
porate extent and intensity of abnormal tracer uptake,
either adjusted for blood pool activity (CMALygp; .3 and
CMA ygp; 5) or above absolute thresholds (CMA, 7 and
CMA, ). The study employs a larger population than
previous investigations using quantitative methods,*®
and extends prior observations by reporting TPD scores
and reproducibility of quantitative FDG measurements.

QUANTITATIVE PET MEASUREMENTS
FOR CARDIAC SARCOIDOSIS

SRS and TPD scores values were significantly
higher in those with CS. Accuracy of TPD scores for CS
diagnosis was comparable to that of SRS scores (AUC
of 0.75 versus 0.67), suggesting that quantitation pro-
vided little incremental benefit beyond careful visual
image analysis.
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Table 1. Abnormal cardiac FDG uptake unrelated to sarcoidosis

Focal or focal on diffuse uptake

Incomplete suppression of normal glucose utilization

Infectious myocarditis/endocarditis
Pericarditis
Papillary muscle uptake (normal variant)

Recent ischemic event (“ischemic memory”) in CAD

Inflammation associated with recent infarction

Recent radiofrequency ablation for cardiac arrhythmias, other acute injury

Lipomatous hypertrophy of the inter-atrial septum

Inflammation associated with aortic stenosis/mitral annular calcification
RV uptake due to increased work in pulmonary hypertension

Unstable coronary artery plaque/arteritis
Lead/device inflammation or infection

Artifact due to error in CT attenuation correction for dense device (e.g., AICD lead)
Primary/metastatic tumor of the myocardium/pericardium

Diffuse FDG uptake
Some non-ischemic cardiomyopathies

Incomplete suppression of normal myocardial glucose utilization

Chemotherapy for malignant tumors

On FDG images, a CMA| ygp; s value > 0 had the
highest diagnostic accuracy (sensitivity = 90%, speci-
ficity = 90%, NPV = 92%, PPV = 87% with an AUC of
0.92). However, its diagnostic performance did not
differ from SUVmax, and both parameters were similar
to visual analysis (sensitivity = 83%, specificity = 95%,
NPV = 88%, PPV = 92%, AUC 0.89). Abnormal tracer
uptake volumes (VOILVBP1.3’ VOILVBPI.S’ VOIzj, and
VOIy4 ) had significantly lower AUC’s, suggesting that
both intensity and extent of tracer uptake are important
for quantitation.

Patient preparation may have influenced the find-
ings. Heparin was not administered and the 8 hour fast is
less than that recently suggested.” As such, blood pool
spillover to myocardium may have been greater than if
heparin or a longer fast had been employed. This may, in
part, explain why a parameter like CMAygp; 5 With
compensation for blood pool activity had the best
performance. Use of an internal reference value (e.g.,
blood pool SUV) appears advantageous, in that it may
help compensate for inter-patient differences in meta-
bolic milieu that would be difficult to address in clinical
practice. Moreover, an internal reference facilitates
comparison to images from centers employing different
PET/CT instruments or image processing/ analysis
software.

DOES FDG QUANTITATION TELL THE FULL
STORY?

While parameters such as CMA| ygp;.5 quantitate
the extent and severity of FDG uptake and facilitate
comparison of serial exams,” they do not account for the
spatial distribution of abnormal activity. A patient with
a single large intense focus of activity could have a
value comparable to an individual with multiple less
intense foci of uptake. It is uncertain if both patients
would be equally responsive to immunosuppression or
have similar cardiac risk. Flores suggested that the
location of abnormal FDG uptake may be related to
adverse cardiac risk.® Sperry” reported that heterogenous
FDG uptake in hypoperfused myocardium, as defined by
a greater coefficient of variation, is also associated with
a higher adverse risk. More recently, Manabe indicated
that ‘‘texture analysis’’, an analysis of the voxel by
voxel variability of FDG uptake, is helpful for identi-
fying myocardial involvement by sarcoidosis.'’ Thus,
while the extent and severity of FDG uptake are
important descriptors of abnormal tracer accumulation,
location and heterogeneity of tracer uptake also appear
to provide clinically relevant information.

Miller’s study did not integrate the perfusion and
FDG information,3 and it did not correlate the PET
findings with late gadolinium enhancement on MRIL
Consideration of both perfusion and metabolism
increases the diagnostic accuracy of FDG PET imaging
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for CS."' Moreover, use of perfusion and FDG images
has been proposed to stage CS progression.'” Early
disease is suggested by focally increased FDG uptake
without perfusion defect. As CS progresses, abnormal
FDG uptake is associated with resting perfusion defect
(‘‘perfusion-metabolism  mismatch’’), which may
advance in the end stage to matching perfusion and
metabolic defects.

Similarly, others have indicated that the combined
utilization of FDG images and late gadolinium enhance-
ment on MRI images benefits CS identification.'*'*
Quantitation of the extent and severity of abnormal FDG
uptake in hypoperfused and normally perfused myocar-
dium, along with the extent and severity of matching
defects on PET images (or the degree of late gadolinium
enhancement on MRI images) would be clinically
relevant for tissue characterization, and for gauging
the response to treatment on serial imaging studies.

DO ABNORMAL DG UPTAKE MEASUREMENTS
REFLECT SARCOIDOSIS ACTIVITY?

In CS patients, the assumption is that abnormal
FDG uptake on PET images is reflective of and
proportionate to the degree of inflammation. That is,
more intense and extensive abnormal FDG uptake is
assumed to reflect more inflammation than situations in
which tracer uptake is less pronounced and extensive.
Moreover, a decrease in the amount of FDG uptake on
serial PET studies is considered to reflect a diminution
in tissue inflammation, presumably in response to
immunosuppressive therapy and/or transition to inactive
scar.””'> While reasonable, these assumptions may not
necessarily be correct.

First, FDG uptake on cardiac PET images is non-
specific (Table 1) and it does not necessarily equate to
inflammation from CS. Inclusion of non-specific FDG
uptake into any quantitative measurement will skew the
value, resulting in a number indicating greater CS
inflammation than is actually present. As such, a
quantitative analysis of FDG uptake should only be
performed after a careful review of the patient’s clinical
data and a focused visual analysis of the fused PET and
CT images by an experienced observer. This is neces-
sary to exclude abnormal tracer uptake due to unrelated
causes from impacting the analysis for CS inflammatory
activity.

Second, FDG uptake is considered to be propor-
tionate to the uptake of unlabeled glucose, with the
lumped constant defining the ratio of molecules of FDG
accumulated per molecule of glucose.'® Glucose typi-
cally enters cells employing facilitated transport via
GLUT transporters.'’ Several different GLUT trans-
porters have been identified in white blood cells,
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lymphocytes and macrophages'’ and each of these
different transporters have differing avidities for glu-
cose, and by inference, FDG. Theoretically, differences
in observed FDG uptake from one PET scan to another
could result from differences in GLUT transporter
expression, despite a similar number of inflammatory
cells. The stability of GLUT transporter expression in
inflammatory granulomas of sarcoidosis is uncertain and
it is unknown if transporter expression is modifiable by
glucocorticoids or other immunosuppressive agents.
Finally, uptake of glucose into mammalian cells
may also occur via sodium-dependent glucose trans-
porters (SGLTs). FDG is not transported via this type of
transporter, and PET FDG images do not trace any
glucose which enters tissue via this mechanism.'®
SGLTs have been identified in the human intestine,
kidney and in some cancers (including leukemia).
Whether SGLTs are important for glucose uptake in
inflammatory granulomas is uncertain; however, if
inflammation or immunosuppression resulted in the
expression of SGLTs, quantitative PET FDG imaging
would underestimate the degree of tissue inflammation.

CONCLUSION

While tracers depicting somatostatin receptors (gal-
lium-68 dotatate), cell proliferation ('C-labeled 4'-
thiothymidine ~ (4DST) and  3'-deoxy-3'-'®F-fluo-
rothymidine (*8E-FLT)), and hypoxia have been
explored for visualization of CS with PET, they are
not sufficiently validated for routine clinical imaging.
FDG is widely available and relatively inexpensive, and
clinicians likely will rely upon FDG PET imaging for
the diagnosis and follow-up of CS for the foreseeable
future.'® Multiple factors can contribute to cardiac FDG
uptake which is unrelated to CS, resulting in images that
are extremely challenging for interpretation. PET
images can depict actual tissue tracer concentrations
when acquired in an appropriately calibrated scanner,
and the FDG studies are well suited for advanced
quantitative analyses such as those performed by Miller
and colleagues.” However, these quantitative measure-
ments should only be obtained after the images have
been visually assessed by an experienced physician.
This individual should be familiar with the patient’s
clinical history and other imaging studies, with in-depth
knowledge of the patient-specific factors which could
impact FDG accumulation unrelated to sarcoidosis.
Moreover, the reader and the referring physician should
both be aware of the assumptions made in the use of
FDG PET images for identifying and quantifying
myocardial inflammation in CS, before using this
information to implement therapy and assess treatment
response.
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