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INTRODUCTION

POSITRON EMISSION TOMOGRAPHY (PET) with fluorodeoxy-
glucose (FDG) is a method used widely for the evaluation
of cancer and which also has an important role in the
evaluation of ischemic heart disease.1–3 Recently, in-
creased myocardial FDG uptake has been reported to be
related to some types of heart disease, such as sarcoido-

sis,4–6 endocarditis,7 and radiation-induced myocarditis.8

In such cases, increased physiological uptake in the nor-
mal myocardium mimics abnormal findings and it is
necessary to reduce FDG uptake in the normal myocar-
dium. Recently, we encountered a case of cardiac sarcoi-
dosis in which pre-therapy PET demonstrated focal high
uptake in the myocardium and the mediastinal and axil-
lary lymph nodes, suggesting sarcoidosis. Steroid therapy
was performed, and post-therapy PET demonstrated de-
creased uptake in the mediastinal and axillary lymph
nodes but a marked increase in uptake in the whole heart.
Clinically, the increased uptake in heart was thought to be
due to physiological uptake and not disease progression.

In the normal myocardium, metabolism is primarily
oxidative and utilizes various admixtures of substrates,
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such as free fatty acids (FFA), glucose, and lactate. On the
other hand, under fasting conditions, plasma insulin lev-
els fall, resulting in reduced transport of glucose into
myocytes. Therefore, the fasting period seems to affect
plasma insulin and glucose levels, and a long fasting
period may reduce myocardial FDG uptake. Okumura et
al. performed fasting FDG-PET to detect cardiac sarcoi-
dosis with a fasting period of at least 12 hours,5 which is
much longer than that in conventional FDG-PET for
cancer patients. In the present study, we analyzed myo-
cardial uptake in FDG-PET with fasting periods of vari-
ous lengths and investigated the relationships between
myocardial uptake and age, blood glucose level, fasting
period, and hospitalization status (i.e., inpatient vs. out-
patient).

MATERIALS AND METHODS

Patients
One hundred and fifty-nine non-diabetic patients (105
men, 54 women) with a mean age of 61.1 ± 15.8 years
(range 11–85 years) were enrolled in this study. Patients
were referred to our department for whole-body FDG-
PET to detect or evaluate malignant tumors. Patients’ age,
blood glucose level, fasting period, and hospitalization
status (inpatient or outpatient) were recorded. No insulin
or free fatty acid data were available prior to injection.

PET imaging protocol
Imaging studies were performed on a Biograph PET/CT
scanner (Siemens, Hoffman Estates, IL), which produces
transaxial, coronal, and sagittal reconstructions of CT,
PET, and fusion PET/CT data for interpretation. The
Biograph scanner combines a dual-detector spiral CT
scanner (Somatom Emotion; Siemens, Erlangen, Ger-
many) and a high-resolution PET scanner with spatial
resolution of 4.5 mm and 3-dimensional image acqui-
sition. A multimodality computer platform (Syngo;
Siemens) was used for image review and manipulation.

After a fast of at least 4 h, patients received approxi-
mately 185 MBq (5 mCi) of 18F-FDG by intravenous

Fig. 1   Example of a three-dimensional ROI (dotted ellipse) on the fused PET/CT image to measure the
SUV of the whole left ventricle.

Fig. 2   Examples of FDG-PET images of the heart with SUVmax

of about 3.0 and 5.0, respectively. (A) There is almost no
visualization of the heart. (B) There is a distinct visualization of
the whole heart. All images are expressed using the same scale
of SUV of 0.0 to 5.0.

injection, which was followed by a rest period of about 60
min in a comfortable chair.

At the time of imaging, patients were placed in the
supine position on the imaging table. Spiral CT was
performed from the level of the middle of the skull to the
level of the pelvic floor. A scout view was recorded with
30 mA and 130 kV(p), followed by a spiral CT scan at 50
mA, 130 kV(p), 5-mm section width, 4-mm collimation,
and 12-mm table feed per rotation. This was followed by
acquisition of PET emission images. Each image was
acquired for 2 min per bed position (increments of 11.2 cm
[3-dimensional mode]).

Analysis of myocardial uptake
All PET/CT images were read directly from the screen of
the computer workstation. A three-dimensional region of
interest (ROI) was drawn on the fused PET/CT image to
measure the SUV of the whole left ventricle (Fig. 1): SUV
= (peak kBq/ml in ROI)/(injected activity/g body weight).
Myocardial FDG uptake was expressed as the maximum
SUV (SUVmax).

The relationships between myocardial uptake and age,
blood glucose level, fasting period, and hospitalization
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status (inpatient vs. outpatient) were analyzed. In addi-
tion, we evaluated the relationship between blood glucose
level and fasting period. Patients were divided into two
main groups according to fasting period: those fasted for
over 13 hours, and those fasted for less than 8 hours. The
former were examined before noon, and therefore fasted
overnight and did not eat breakfast. The latter were
examined in the afternoon, and they ate breakfast but did
not eat lunch. We compared myocardial uptake between
groups with and without overnight fasting. The results are
expressed as means ± SEM. Statistical evaluation was
performed using the Mann-Whitney test, and p < 0.05 was
considered statistically significant.

The patients were also divided according to hospital-
ization status into outpatients and inpatients. The num-
bers and percentages of cases with SUVmax thresholds of
3.0 and 5.0 were examined. Figure 2A and 2B shows
examples of images of the heart with SUVmax of about 3.0
and 5.0, respectively. Figure 2A shows almost no visual-
ization of the heart, and is thought to be ideal for detecting
abnormal high uptake in the heart. On the other hand,
Figure 2B shows a distinct visualization of the whole
heart, making it difficult to distinguish between abnormal
high uptake and physiological uptake in the heart. The χ2

test for trends in binominal proportions was used to
determine the significance of differences in myocardial
uptake between inpatients and outpatients, and p < 0.05
was considered statistically significant.

Case presentation
A 29-year-old man diagnosed with sarcoidosis by caneal
bone biopsy was examined by FDG-PET. Increased up-
take was observed in the mediastinal and bilateral axillary

lymph nodes suggesting the presence of sarcoid lesions
(Fig. 3A). Moreover, short-axis slices of the heart indi-
cated increased uptake in the lateral to inferior wall (Fig.
3B). Uptake in other regions of the heart was almost the
same as that in the mediastinum. No cardiac symptoms
were evident in this patient, but cardiac sarcoidosis was
strongly suspected. The patient received steroid therapy.
Follow-up FDG-PET performed one year later showed
decreased uptake in the mediastinal and bilateral axillary
lymph nodes. However, a marked increase in uptake in the
whole heart was observed (Fig. 3C). Clinically, progres-
sion of cardiac sarcoidosis seemed unlikely. The patient’s
blood glucose level was not high (100 mg/dl), but the
cardiac findings were thought to be physiological. In this
case, it was difficult to evaluate the cardiac involvement.

RESULTS

The mean blood glucose level prior to the examination
was 103.2 ± 13.6 mg/dl (range 63–143 mg/dl) and the
mean duration of fasting was 10.3 ± 4.7 h (range 4.5–16.0
h).

As shown in Figure 4A, there was a significant relation-
ship between myocardial uptake and blood glucose level
(p = 0.025). They showed a slight negative correlation,
but the R-square was extremely small (r2 = 0.03). On the
other hand, as shown in Figure 4B and 4C, no significant
relationships were observed between myocardial uptake
and age or fasting period. Figure 5 also shows that there
was no significant difference in myocardial uptake be-
tween the two groups with and without overnight fasting.
Figure 6 shows a comparison of the results between
outpatients and inpatients. With a SUVmax threshold of

Fig. 3   Coronal FDG-PET images (A) obtained before steroid therapy showed increased uptake in the
mediastinal and bilateral axillary lymph nodes. Short-axis slices of the heart (B) indicated increased
uptake in the lateral to inferior wall (arrow). Follow-up FDG-PET performed one year later (C) showed
decreased uptake in the mediastinal and bilateral axillary lymph nodes, and a marked increase in uptake
in the whole heart. All images are expressed using the same scale of SUV of 0.0 to 5.0.
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3.0, χ2 test showed no significant difference between the
two groups, while the difference between the two groups
was significant at a threshold of 5.0 (p = 0.046). There was
no significant relationship between blood glucose level
and fasting period (r2 = 0.01, p = 0.72).

y = −0.05x + 11.55      r2 = 0.03, p = 0.025

y = −0.02x + 7.29     r2 = 0.01, p = 0.35

y = −0.05x + 6.66      r2 = 0.00, p = 0.46

Fig. 4   Relationships between SUVmax and blood glucose level
(A), age (B), and fasting period (C).

Fig. 5   Differences in SUVmax with or without overnight fasting.
No significant differences were observed.

   A

 C

   B

Fig. 6   Distribution of cases divided into outpatients and
inpatients with SUVmax thresholds of 3.0 (A) and 5.0 (B). The χ2

test showed a significant difference between outpatients and
inpatients with an SUVmax threshold of 5.0.
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DISCUSSION

Previous studies reported that no significant correlations
were observed between FDG uptake in the myocardium
and age, blood glucose level, or fasting period.9,10 In
agreement with them, no significant correlations were
observed between FDG uptake in the myocardium and
age, or fasting period in the present study. However, there
was a significant relationship between myocardial uptake
and blood glucose level (p = 0.025). But the R-square was
extremely small (r2 = 0.03), and the regression line did not
fit well, and its clinical significance is thought to be small.
Thus, before the scan, it is difficult to predict myocardial
uptake based on age, blood glucose level, or fasting
period. Yamanouchi et al. reported that normal myocar-
dial glucose uptake in humans is suppressed in the fasting
state but is not controlled solely by the duration of fast-
ing.11 Our results showed no significant relationship
either between blood glucose level and fasting period.
Overnight fasting is often performed for evaluation of
cardiac sarcoidosis, but our results suggested that there
were no significant differences in myocardial FDG uptake
in patients with or without overnight fasting. Therefore,
overnight fasting does not seem to be an effective option
for reducing normal myocardial uptake.

Our results indicated that outpatients showed signifi-
cantly a higher frequency of myocardial uptake above
SUVmax of 5.0. Background activity in the mediastinum is
usually below SUVmax of 3.0. This degree of myocardial
uptake is significantly higher than that in the mediasti-
num, and it makes it difficult to detect abnormally high
uptake in the heart in pathological conditions such as
cardiac sarcoidosis. Moreover, the frequency of cases
with SUVmax exceeding 3.0 in the outpatients was over
70%. Therefore, there is a high likelihood that it will be
difficult to detect abnormal myocardial uptake in outpa-
tients. The reason why outpatients showed higher myo-
cardial uptake than inpatients is not yet known and further
investigations into this issue are warranted. The differ-
ence may have been due to diet—in our hospital, almost
all inpatients take a rice-based diet with a total energy
content of 1,900 kcal—or differences in exercise, medica-
tion, severity of disease, etc.

These results suggest that pharmacological interven-
tion may be necessary to reduce FDG uptake in the normal
heart. Heparin is known to release endothelial lipo-
protein lipase, thereby promoting lipolysis of plasma
triacylglycerols to FFA in vivo.12 Therefore, heparin
loading is thought to decrease FDG uptake in the heart.
However, we must consider the risk of bleeding, espe-
cially in the brain. In addition, infusion of lipids is also
thought to decrease glucose uptake in the heart. Randle et
al. demonstrated an inhibitory effect of FFA on glucose
uptake in the perfused rat heart.13 Nuutila et al. performed
FDG-PET studies with elevation of FFA by combined
infusion of lipids and heparin, and demonstrated lower

myocardial FDG uptake than in the control group.14 Such
methods may be necessary to reduce FDG uptake in the
normal myocardium and to emphasize distinct visualiza-
tion in inflammatory lesions.

This study has some limitations. First, the evaluation of
myocardial uptake using SUVmax has possibilities to
include extra-myocardial regions, such as blood pool or
arteriosclerotic plaque. However, it seems hard to exclude
them in our method. Second, almost all patients in this
study were suspected of having or diagnosed with cancer.
The risk of ischemic heart disease in cancer patients is not
negligible, but we did not assess the possibilities of
patients affected by myocardial disease precisely. Third,
in the present study, we did not assess serum insulin or
FFA levels. Insulin enhances the uptake of FDG by
myocardial and skeletal muscle, which appears to be
mediated via translocation of glucose transporters
(GLUT4) from an intracellular pool to the plasma mem-
brane.15–17 In addition to these direct effects on glucose
uptake and metabolism in cardiac myocytes, insulin ef-
fectively inhibits whole-body lipolysis.13,16,18,19 Nico-
tinic acid derivatives such as Acipimox are also known to
reduce FFA20 and may increase myocardial FDG uptake
under fasting. On the other hand, it has been reported that
FFA inhibits glucose utilization in vivo in both human
heart and skeletal muscle.14 Moreover, many other factors
can influence myocardial FDG uptake, including serum
levels of thyroxine,21 epinephrine,22 glucagon, dehydro-
ascorbic acid,23 and insulin resistance.24 These factors
seem to be related to FDG uptake in the normal heart or the
difference between inpatients and outpatients. The degree
of disease aggressiveness may also be related to FDG
uptake because many subjects in the present study had
either confirmed or suspected cancer. Further detailed
studies are required to clarify these issues.

CONCLUSIONS

FDG uptake in the myocardium showed a significant
relationship with blood glucose level, but not with age or
fasting period. Outpatients tended to show higher myo-
cardial uptake than inpatients, and the frequency of ex-
ceeding SUVmax of 3.0 in outpatients was over 70%. A
long fasting period, such as overnight fasting, is an inad-
equate means to reduce the physiological uptake of FDG
in the heart.
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