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Sarcoidosis is a disease of unknown etiology which

is characterized by the formation of non-caseating

granulomas in multiple organs.1 Cardiac involvement in

sarcoidosis, which occurs in at least one in four

patients,2 is associated with a worse prognosis and sig-

nificant morbidity from conduction abnormalities,

arrhythmias, and congestive heart failure. Nevertheless,

the diagnosis of cardiac sarcoidosis (CS) is often chal-

lenging, and relies on integrating both clinical and

imaging findings. In addition to diagnosis, advanced

imaging techniques such as cardiac magnetic resonance

imaging (CMR) and cardiac positron emission tomog-

raphy (PET) are now also being used to determine the

risk of future adverse events,3 to identify which patients

are most likely to benefit from immunosuppressive

therapy, and to monitor response to therapy.4

Cardiac PET imaging for CS includes a rest myo-

cardial perfusion imaging scan (using either 13N-

Ammonia or 82Rubidium) and an 18F-fluorodeoxyglu-

cose (FDG) scan to identify areas of myocardial

inflammation.5 Interpretation of the cardiac PET study is

performed using a qualitative assessment with the per-

fusion and FDG images being simultaneously displayed

(see Figure 1 for example). Rest myocardial perfusion

defects may represent areas of scar related to fibrosis or

areas of decreased perfusion from inflammation causing

compression of the microvasculature.3 Following sup-

pression of glucose uptake from the normal

myocardium, and in the absence of coronary heart dis-

ease, which can be associated with hibernating

myocardium, focal areas of FDG uptake represent active

myocardial inflammation. Importantly, such abnormali-

ties are not only useful for establishing the diagnosis of

CS, but provide important prognostic information

regarding a patient’s future risk of death or ventricular

tachycardia.3 However, a limitation of FDG PET scans

is that diffuse uptake of FDG may be visualized which is

non-specific and due to either incomplete suppression of

FDG from normal areas of myocardium vs diffuse

inflammation. Such results—which despite ideal patient

preparation occur *10%-15% of the time—may lead to

inconclusive study results. However, there are no

established quantitative methods that can reliably dis-

tinguish patients with diffuse FDG from inflammation

related to CS from those who have benign uptake.

Tahara et al6 have shown that heterogeneous myocardial

FDG uptake is more common in CS patients and further

data are needed regarding the discriminatory perfor-

mance of this parameter among patients who have

inconclusive FDG scans.

To date, there is relatively little data on quantitative

assessment of CS by PET imaging—with some studies

evaluating the intensity of FDG uptake and only one prior

study evaluating the extent of myocardial inflammation.4

The intensity of FDG uptake on PET can be measured by

standardized uptake value (SUV), where a reader identifies

voxels with FDG uptake, and the voxel with the highest

intensity of FDG is used to define the SUVmax. The extent

of FDG (e.g., SUV volume or volume of inflammation) can

be measured by identifying voxels with an SUV intensity

above a pre-defined threshold value.4,7

In this issue of the Journal of Nuclear Cardiology,

Ahmadian et al8 propose a new method to quantify the
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amount of FDG uptake in the myocardium among

patients undergoing cardiac PET imaging for suspected

or known CS. When would such quantification tech-

niques be most clinically useful?

The assessment of FDG uptake represents a ‘‘hot

spot’’ imaging technique whereby there is increased

tracer uptake in abnormal areas. This method relies on

normalizing tracer uptake to pixels with the highest

intensity and creates images that display relative dif-

ferences in tracer distribution. When there is focal FDG

uptake, the maximal intensity pixel in the heart corre-

sponds to the most abnormal activity. Therefore, when

only mildly abnormal areas are present, normalization

could amplify the severity of disease, a problem which is

Figure 1. Serial FDG PET exams showing changes in inflammation. A 62-year-old man with
cardiac and extra-cardiac sarcoidosis was imaged at baseline and after treatment with corticoste-
roids. The whole body FDG images demonstrate a decrease in extra-cardiac activity. However on
the dedicated myocardial rest perfusion with 13N-Ammonia (13N) and dedicated cardiac FDG
imaging, visually there appears to be new areas of FDG activity and progression of disease. While
quantitative assessment of FDG measurements by SUVmax (g/mL) and SUV volume (cm3) was
obtained using the Ahmadian et al8 and the Osborne et al4 methods, demonstrate a reduction in
FDG.
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particularly important when comparing serial scans to

monitor the response to immunosuppressive therapy.

Consider the example of the patient shown in Figure 1

who was treated with corticosteroids and was referred

for a cardiac PET to assess the response to therapy. A

qualitative visual read of the cardiac images comparing

the baseline study with the 6 month follow-up scan (see

FDG short axis and long axis images) may be interpreted

as showing increased FDG uptake following therapy.

However, when four different quantitative techniques

are used in this case, there is a reduction in the intensity

(i.e., SUV max) and extent (i.e., volume) of inflamma-

tion indicating that this patient has a favorable, albeit

incomplete, response to therapy.

Quantitative assessment in imaging for CS may

eliminate normalization errors, reduce interobserver bias

from semi-quantitative or qualitative interpretations, and

provide a means to better quantify disease activity. Such

a quantitative assessment is most important when

monitoring changes in FDG uptake on serial studies

performed to monitor the response to therapy. However,

even when quantified, the change in FDG uptake should

be interpreted carefully. While a significant decrease in

inflammation often represents favorable response to

therapy (particularly if also accompanied by an

improvement in ejection fraction or a decrease in the

size and/or intensity of resting perfusion defects), in

some patients such a reduction may represent progres-

sion of scar and ‘‘burnt out’’ disease.

Ahmadian et al8 studied the value of quantitative

measures of FDG uptake using an SUV threshold

determined by multiplying the left ventricular blood

pool FDG SUVmax by 1.5. Using this threshold, they

calculated the volume of inflammation (‘‘cardiac meta-

bolic volume’’) as well as the volume-intensity product,

which they termed ‘‘cardiac metabolic activity’’

(CMA). The study population included 31 patients (age

53.5 ± 10.5 years, 48% male, 87% biopsy proven extra-

CS) who underwent 38 cardiac PET scans. These studies

were compared to negative control scans (N = 10),

acquired for oncologic indications. The authors showed

that increased CMA was associated with lower ejection

fraction as well as adverse clinical events. Their paper

also provides useful insights regarding other aspects of

cardiac PET.

The paper underscores the fact that SUVmax is a

poor measure of the total amount of FDG uptake as a

scan with a small area of uptake may have a similar

value as a scan with extensive uptake of the same

intensity. In other words, the maximal intensity (SUV-

max) does not reflect the extent of inflammation.

However, SUVmax was an independent predictors of a

positive visual study, suggesting that this measure may

be helpful in distinguishing pathologic ‘‘positive’’

studies from minimal uptake which is less likely to

represent disease. Therefore, a visual interpretation, at

times aided by assessment of SUVmax, may be sufficient

for evaluating whether active inflammation is present or

absent.

However, it is possible that quantification of the

volume of inflamed myocardium (or CMA) may lead to

a more accurate diagnosis, especially in cases in which

the visual interpretation is less definitive. The paper had

three patients with discordance of visual and quantita-

tive assessment. Two patients (SUVmax 3.9 and 2.8 g/

mL; CMA 0.4 and 0.05 g) were visually labeled as

focal-on-diffuse uptake, however, quantitative assess-

ment led to their reclassification as negative studies.

These two cases illustrate the aforementioned limitation

of ‘‘hot spot’’ imaging whereby mild defects may be

amplified. The third discordant patient was visually

interpreted as negative, however, quantitative assess-

ment revealed mild focal uptake in the basal septum

(SUV of 3.3 g/mL; CMA 8.1 g). While a quantitative

assessment led to reclassification in three patients, in the

absence of a data on outcomes or diagnosis, it is difficult

to conclude if these were accurate reclassifications.

Another scenario where quantification may be useful is

in *10%-15% of patients who have inappropriate sup-

pression of FDG uptake from areas which are presumed

to be normal. It remains to be seen whether quantitative

techniques would be helpful in such instances.

The study by Ahmadian et al supports the fact that

quantification of FDG uptake is important, however, the

optimal technique for doing so is unknown. The

advantage of the technique proposed by Ahmadian et al

is that it accounts for variability in background noise,

which may be important in the setting of serial exams,

which have differences in background FDG activity.

However, potential limitations of this approach are that

even when meticulous care is taken to avoid the myo-

cardium, due to cardiac and respiratory motion, the

reproducibility of measuring left ventricular bloodpool

SUV may be reduced. Future studies to quantify SUV

uptake should compare absolute threshold techniques,

such as those used by Osborne et al,4 with methods

which utilize a variable threshold based on correcting

for background activity.

The study by Ahmadian et al also reinforces the

emerging role of cardiac PET for identifying patients

with adverse cardiac events.3,9 Despite a low event rate,

the authors were able to demonstrate that patients with

adverse events had a higher measured CMA as well as a

higher SUVmax. In contrast, our group was unable to

detect any association between SUV max and adverse

events.3 It is plausible that incorporating data on both

the intensity and extent of inflammation, as well as also

considering the extent and severity of resting myocardial
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perfusion defects, if present, would achieve the most

robust risk assessment. However, since CS remains a

rare condition, larger studies will be needed in order to

demonstrate the potential incremental prognostic value

of this approach. While Ahmadian et al included the

endpoint of worsening heart failure, such events are less

specific for CS. Future studies should focus on ventric-

ular tachycardia and sudden cardiac death, particularly

as the risk of such events may be most helpful in deci-

sion making regarding implantable cardiac defibrillator

therapy.

In conclusion, the paper by Ahmadian et al8 offers

an important method for quantifying disease activity and

supports the increasing evidence that cardiac PET pro-

vides important diagnostic and prognostic information in

patients with known or suspected CS. While further

studies are needed to determine if quantification will

improve the diagnostic and prognostic value over a

visual read, inclusion of quantitative parameters of dis-

ease activity (which for the time being can use any

method; e.g. Osborne et al4 or Ahmadian et al8) should

be included in clinical reporting, as such data may

improve the evaluation of disease activity thus guiding

the role and duration of immunosuppressive therapy.
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