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Whole-Body PET: Physiological and Artifactual
Fluorodeoxyglucose Accumulations

Hermann Engel, Hans Steinert, Alfred Buck, Thomas Berthold, Rahel A. Huch Boni and Gustav K. von Schulthess
Divisions of Nuclear Medicine and Diagnostic Radiology, Department of Medical Radiology, University Hospital, Ziirich,

Switzerland

The purpose of this study was to semiquantitatively identify artifac-
tual and physiological soft-tissue accumulations in whole-body
FDG-PET scans with the aim of defining their frequency and ana-
tomic distribution. Methods: Fifty whole-body FDG-PET scans
performed for the staging of malignant melanoma were obtained
from transaxial scans and reconstructed without absorption correc-
tion by filtered backprojection in the form of coronal and sagittal
sections. The patients were asked to stay n.p.o. for at least 4 hr and
interrogated about their physical activity prior to injection and until
scanning. Classification of FDG organ accumulations was done
using grades 0-6. Means and standard deviations on this scale
were then calculated for multiple organs and muscle groups and
tabulated. Results: On this grading scale, viscera showed uptake
grades between 1.7 *+ 0.5 and 2.05 * 1.0. Except for the intestines,
the activity in these organs was homogeneously distributed. Rela-
tively high average uptake values of 2.0-4.2 (s.d. = 2.3) were found
in various muscle groups, especially the orbital musculature. Myo-
cardial uptake was visible in 90% of the scans. Reconstruction
artifacts were seen around the renal collecting system and the
bladder. Conclusion: Most of the “‘normal” accumulations of FDG
in nonattenuation comrected whole-body PET are readily recognized
and distinct from the usually focal FDG accumulation associated
with metastatic disease, but the diagnostician must be familiar with
them. Muscular FDG uptake is related to physical activity prior and
immediately following injection and can be minimized by proper
patient instructions and positioning.

Key Words: PET; fluorine-18-FDG; physiological accumulations
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Wth the introduction of PET scanners with high detection
efficiency and a large axial field of view of 15 cm or more,
whole-body PET with ['®F]fluorodeoxyglucose (FDG) has be-
come a clinical reality. Typically, axial scan distances of 150 cm
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can be covered in 60 min (two-dimensional mode) and substantial
improvement in acquisition time can be expected from the intro-
duction of three-dimensional data acquisition protocols. The result
of such whole-body data acquisition is a set of 450 or more
transaxial slices that can be reformatted into coronal and sagittal
planes at will (Fig. 1). Several studies have documented PET as a
sensitive method for tumor staging because FDG preferentially
accumulates in many types of malignant tumor cells (/-8) and has
well recognized physiological accumulation sites (4,5,9-12).

When reading whole-body PET scans, it is important to
distinguish physiological and artifactual FDG accumulations
from those that are pathological (/,4), as normal findings have
to be distinguished from those that are abnormal in any imaging
method. In this study, we analyzed the occurrence and appear-
ance of such ‘‘normal’’ activity accumulations in nonattenua-
tion-corrected whole-body FDG-PET scans by looking at a
multitude of organ sites.

MATERIALS AND METHODS

Patients

Fifty whole-body PET scans were obtained in patients referred
for tumor staging of malignant melanoma. The patients (30 men,
20 women) ranged in age from 18 to 80 yr. Patients with diabetes
mellitus were excluded because of their pathologic glucose metab-
olism which affects FDG uptake in an uncontrolled fashion unless
glucose clamping is used (/3). All patients participating in this
study consented to having a PET scan. Each patient was questioned
about their physical activities in the period preceeding FDG
injection and whether they had been comfortable during the phase
between injection and scanning and the PET examination itself.

PET

The patients were explicitly asked to stay n.p.o. for at least 4 hr
prior to the study. Thirty to 40 min prior to scanning, the patients
received an intravenous injection of 220-370 MBq ['®F]FDG
while lying on a stretcher in a silent room. FDG was produced at
the Paul Scherrer Institute (Villigen, Switzerland) using well
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FIGURE 1. Standard whole-body PET images show normal distribution of
accumulation in (left) coronal and (right) sagittal sections. Note strong activity
in the brain, the renal pelvis and the bladder, all giving rise to a reconstruction
artifact. Distinct activity is noted in the skin, lungs, liver and the renal
parenchyma, as well as in the vertebral bodies. No activity is present in
regions of cortical compact bone such as the femora and vertebral plates,
including the disks. In the coronal scan, spot-like ureteral activity is noted at
the level of the sacro-iliac joint. Activity in the left lower thorax is in the
posterior myocardial wall.

known techniques (/4). During the time between injection and
scanning, the patients were asked to remain still to keep physio-
logical FDG consumption of the striated muscle on a low level.
Since FDG follows the first step of cellular glucose metabolism, we
would expect increased FDG accumulation in activated striated
muscle. Of the 50 patients, 24 had a scan covering the body area
from the head to the bottom of the pelvis, while 26 had scans
covering the entire body, including the lower extremities. PET
scanning was done using a GE Signa Advance PET Scanner (GE
Medical Systems, Milwaukee, WI) in the whole-body mode. Once
the measurement was accomplished, the table position was incre-
mented by 14.6 cm and the acquisition process started anew. Up to
13 increments could be preprogrammed so that a total axial field of
view up to 180 cm could be obtained in approximately 65 min.
To minimize image degradation from the bladder region, due to
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FIGURE 2. Comparison of thorax scans with (left) attenuation comection and
(ight) without attenuation correction.

renal excretion of FDG, all patients were asked to void just prior to
scanning. With a minimum amount of activity in the bladder,
scanning was begun in the pelvic region and then proceeded
towards the patient’s head. In cases were the lower extremities
were also to be scanned, this region was scanned subsequently. The
acquired data were reconstructed into transaxial slices using
standard filtered backprojection techniques from which coronal
and sagittal views were obtained.

No attempt was made to correct for attenuation by acquiring
transmission scans for two reasons:

1. Imaging time would have been at least doubled, resulting in
extremely long acquisition times, which is unacceptable for
clinical purposes.

2. Attenuation correction using a relatively short data acquisition
time of 5 min produced noisy reconstructed images, often
resulting in inadequate image quality (Fig. 2).

All images were documented using a standard color laser
copier [retrofitted with a special digital interface] after appro-
priate windowing and leveling. The window and level setting
were determined so that FDG accumulation on the upper end of
the intensity scale (i.e., in the brain) appeared very intense but
enough contrast was still present to distinguish the cerebral
sulci on the coronal and sagittal images. On the lower end of the
intensity scale, the window and level setting were chosen so that
the patient’s body surface was still clearly visible and the
background still within the lowest range of the window. The
relative constancy of brain FDG accumulation (9,/0) deter-
mined that scans were visually comparable regarding activity
distribution patterns.

Data Analysis

Our data analysis scheme was practical and useful when evalu-
ating clinical whole-body PET examinations. The windowing and
leveling process was done as previously described. On the basis of
extensive deliberations among four observers over five whole-body
scans, a grading scheme of 0—-6 was introduced. This scheme
assigned the value 5 to brain activity and 1 to background activity
in each patient. With this scale, bladder activity typically showed
such high accumulation, that with the windowing and leveling
scheme used, the activity was in an ‘‘over-range’’ to which grade
6 was assigned. Thirty-seven organs and muscle groups were then
classified according to the 0-6 grading scale (Table 1). For
important organs and some selected muscle groups, mean and
standard deviation of grades were subsequently calculated.

Whenever activity accumulation that could not clearly be clas-
sified as physiological or artifactual was observed, analysis of other
cross-sectional imaging data was used to ascertain no correlation to
a pathological process. The presence of suspicious pathological
processes was ascertained bioptically or by other cross-sectional
imaging modalities.
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TABLE 1
Means and s.d. for Semiquantitative Activity

Organ/Muscle s.d. Mean
Brain 0 5
Background 0 1
Skin 0.28 2.09
Oral cavity 1.06 272
Breast 07 1.23
Lung 0.5 1.91
Myocardium 1.78 2.61
Liver 0.56 2.05
Intestine 1 1.7
Kidneys 0.7 194
Ureter 0.96 0.31
Stemocleidomastoid 1.66 2.03
Medial forearm 0.7 22
Lateral forearm 1.1 3.28
Vastus lateral 1.27 1.54
Peronaeus longus 235 2.92
Gastrocnemius 1.56 2.31
Ocular muscles 1.1 4.1

RESULTS

As expected, substantial physiological accumulation was
seen in the brain (Fig. 1). Since glucose consumption of the
brain is relatively constant, brain activity serves as a good
qualitative activity reference site. The heart can also accumulate
FDG in patients who have been fasting prior to scanning
(11,12). Although patients were asked not to drink or eat during
the 4 hr prior to scanning, 17 of 50 patients showed myocardial
activity =4. Homogeneous activity with a grade of around 2
was noted in the lungs and never exceeded grade 3. The liver
showed generally homogeneous FDG uptake of 2.05 = 0.56
that was comparable to the lung (Table 1). Activity was also
seen in the kidneys and in the bladder because FDG is excreted
renally (4). While the renal parenchyma showed moderate
uptake (Table 1), the urinary collecting system showed marked
activity due to the renal concentration process. Hence, intense
activity was seen in some patients (Fig. 1A). Spot or linear
activity (= grade 2) was also seen along the course of the ureter
in 5 of the 50 patients.

Other obviously physiological accumulations occurred along
the alimentary tract, most notably in the oropharyngeal region
(Fig. 3) involving the lingual, sublingual and paralingual areas
and extending into the neck region (5). A second alimentary
tract structure with FDG accumulation was the intestines (Fig.
4). The appearance of activity in the intestinal tract is variable
and exhibits an irregular snake-like course suggesting its
presence in intestinal segments. While the highest uptake grade
was 3 (n = 3), 26 patients exhibited intestinal activity of grade
2, i.e., comparable to the patient’s body surface.

Consistent enhancement of around grade 2 and never above 3
was seen in projections to the skin (Figs. 1, 3 and 4). A surface
type of activity was also noted along the outer aspects of the
liver (Figs. 1A and 5), which, in some instances, was quite
marked.

In many ways, the most intriguing accumulation of FDG
occured in various muscle groups. If specific muscular activity was
found, the patient was questioned about prior exercise or uncom-
fortable positioning. The uptake in these regions was variable, as
demonstrated in Figure 6. Notable are the large standard deviations
in muscular uptake grade, ranging from 1 to 2 (Table 1). While
Table 1 is indicative of substantial variations, it is important to
exemplify this graphically because the grading scheme cannot
capture all variances of muscular uptake.

-

FIGURE 3. Two examples of oropharyngeal activity. (Left) Activity in the
buccal area, around the tongue and extending into the pharynx down to the
subglottic area. (Right) in another patient, more extensive activity involving
the tongue and the anterior neck.

Figures 7A and B show strong uptake in parts of the calf
musculature, and activity in the sternocleidomastoid muscle is
noted. In another patient (Fig. 7C), substantial uptake is seen in
various muscle groups of the proximal upper and lower extrem-
ities, while another patient shows marked uptake in all muscle
groups of the lower extremities (Fig. 7D). Extensive and
notable asymmetric activity is seen in the sternocleidomastoid
muscles of a fourth patient (Fig. 7E), while generalized uptake
in body musculature was noted on a posterior coronal scan in a
fifth patient (Fig. 7F). This patient had been shivering at the
time of FDG injection. The patient shown in Figure 7D had
taken a vigorous walk over several hundred yards just prior to
FDG injection, as he was late for his appointment. The step
artifact noted in Figure 7F is a result of the data acquisition
protocol which began in the cranial region of the bladder. Only
after reaching the head was data acquisition of the lower
extremities started.

Upon questioning, we learned that patients with increased
muscle activity before or immediately after FDG injection had
been uncomfortable. No consistent statements from patients
could be elicited that would have explained the cardiac or
intestinal activity. Specifically, all patients said that they had
fasted prior to scanning.

Physiologic accumulation of FDG led to false-negative diag-
nosis in three patients with skin metastases of <3 mm diameter.
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FIGURE 4. Whole-body PET scan

shows string-like imegular activity

accumulation in the intestinal region
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DISCUSSION

So far, most PET examinations have been used to evaluate a
circumscribed body area when looking for malignant disease,
which emphasizes quantitative measurements requiring absorp-
tion correction and region of interest (ROI) data analysis. The
advent of whole-body PET scanners allows whole-body emission
scanning in approximately 1 hr. Therefore, a different imaging
strategy can be considered. Since whole-body attenuation correc-
tion is too time-consuming (/5), we focused on evaluating nonat-
tenuation-corrected whole-body scans. When evaluating these
scans for malignant tissue, we have have found that reading the
coronal and sagittal images offer the best means of image analysis.
Hence, in the study presented here, we were mainly interested in
defining normal nonattenuation corrected scan appearance in the
coronal and sagittal planes.

Interpretation of these whole-body FDG-PET images re-
quires experience with normal variations in scans that could
cover or mimic disease. It is therefore important to identify
normal FDG accumulations on such scans. Two types of normal
activities were observed and can be classified as technical/
artifactual and physiological.
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r \ FIGURE 5. Increased activity on the

outer surface of the liver likely cor-
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Artifactual enhancement of surface structures in scans not
corrected for attenuation is noted consistently on the body
surface mimicking increased accumulation in the skin (Fig. 1B)
and at the surface of other structures which show some FDG
accumulation such as the liver (Fig. 5). The recognition of these
artifacts is important, but because of their rim-like appearance
it is unlikely that they are misinterpreted with pathology;
pathology typically presents as focal increase of FDG accumu-
lation. Furthermore, a cutaneous lesion in a patient with
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FIGURE 6. Mean and s.d. for activity in various muscle groups.
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FIGURE 7. (A) and (B) differential uptake into the calf muscles. (C) Uptake into
proximal muscle groups of upper and lower extremities, and (D) the entire
musculature of the lower left extremity. (E) Asymmetric uptake into the
sterocleidomastoidei. (F) Diffusely increased uptake throughout the body

musculature.

cutaneous melanoma would show proportionately increased
activity relative to the skin in an uncorrected scan and still be
clearly distinguishable from its surroundings.

In the unlikely case where surface enhancement artifacts pose
a problem, and this is recognized right after image reconstruc-
tion, the patient can be rescanned in the area of interest, because
new software developments permit transmission scans to be

acquired in the presence of emission (/6). In a particular body
ROI, an absorption-corrected image stack can be obtained.
Some of the images, such as Figures 1B, 3A and 3B, show
increased surface accumulation in the peribuccal area. Whether
this activity is simply surface enhancement due to buccal
musculature motion or active saliva cannot be answered defin-
itively. Yet, this type of activity is usually not interpreted as a
pathologic lesion.

Physiological FDG accumulations of variable intensity occur
in many organs because they metabolize glucose. The strong
accumulation of FDG in the brain, and in the renal calices and
bladder where FDG is excreted, is well known. Other organs
exhibiting consistent, albeit weaker, accumulation are the liver,
renal parenchyma and the bone marrow. There is also incon-
sistent but homogenous accumulation in the breast and inho-
mogenous accumulation in the intestines. The accumulation in
these organs must be recognized and it is conceivable that
moderate liver or lung uptake may obscure a pathological
lesion. Renal caliceal and ureteral spot activities may be a
problem. While transaxial section evaluation or superimposi-
tion of PET scans on cross-sectional morphologic image data
will usually permit clear determination whether activity accu-
mulation is within or just outside the kidney, spot activity in the
ureters could be easily viewed as a pathological lymph node.
Here, rescanning of the patient in the critical region will usually
help because the site of ureteral activity will vary. A second
potential problem area for proper image interpretation is the
intestines, where inhomogeneity of uptake can mimic small
tumorous lesions with relatively weak FDG uptake. There are
no fool-proof remedies against misinterpretation of intestinal
accumulation. If a whole-body scan is available, it may be
easier to delineate the activity.

FDG accumulation in striated muscle is a well-known phe-
nomenon, but only during whole-body scanning does the extent
of such accumulations become apparent. Our data suggest that
most increased accumulations are related to physical activity of
that particular muscle group in the time before and immediately
after injection. With the proper measures, it should be possible
to minimize such uptake, thereby enhancing lesion detectabil-
ity. Patients should be told to avoid vigorous physical activity
prior to FDG injection.

Just as important, is that the patient should be as comfortable
and relaxed as possible with much support in a recumbent
position during and after injection. This will prevent involun-
tary tensing of muscle groups such as the neck muscles or the
muscles of the upper extremity. Particularly when scanning for
metastatic lymph nodes in the neck, there should be minimal
muscular activity in this area. This is also necessary for the
buccal region, where frequently seen activity can be associated
with saliva, the tonsils or muscular activity related to swallow-
ing or talking. While saliva can be rinsed away prior to scanning
and the patient can be asked not to talk while waiting for the
scan, activity due to swallowing and in the tonsils will remain.

The ocular musculature also has very high activity and will
be difficult to rest. Finally, the heart muscle showed uptake in
a substantial number of patients despite their 4-hr fast prior to
scanning. Apparently, there are many patients in whom glucose
consumption of the heart continues in the fasted state and is not
replaced by free fatty acid metabolism. Cardiac activity is,
however, only a problem when dealing with metastatic pulmo-
nary disease or in the cardio-phrenic angle. Although the
coronal and sagittal cross-sections are best used for tumor
staging, transaxial scans are helpful whenever accumulation is
present that could be related to muscular activity.
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CONCLUSION

Most physiological activity in FDG whole-body PET scans
for tumor staging is visualized consistently. The brain, lung,
liver, bone marrow and urinary system are consistently seen.
Cardiac activity is inconsistent and related to the switch from FDG
to free fatty acid metabolism (/2). The most striking and irregular
FDG uptake pattern is associated with various muscle groups that
are exercised just before FDG injection. Because ‘‘hot’’ muscle
groups can interfere with the diagnostic quality of a scan, care
should be taken, particularly in the neck region, to rest the patient
comfortably before injection. Lastly, knowing the muscle groups
that have strong FDG accumulation will be extremely helpful in
differentiating activity from pathological lesions.
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Thyroglobulin Determination, Neck Ultrasonography
and Iodine-131 Whole-Body Scintigraphy in
Differentiated Thyroid Carcinoma
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The long-term prognosis of patients with differentiated thyroid
carcinoma depends on the early diagnosis and treatment of metas-
tases and local recurrences. We evaluated serum thyroglobulin
measurements, neck ultrasonography with ultrasound-guided bi-
opsy and '3'l whole-body scintigraphy in the follow-up of 359
patients after surgical thyroidectomy and radioiodine ablation of the
thyroid remnant. Methods: Serum thyroglobulin levels were deter-
mined and considered abnormal when the values were >5 ng/ml.
Ultrasonography over the entire neck region and fine-needle aspi-
ration biopsy of the mass or enlarged lymph nodes were carried out
using 5- and 7.5-MHz transducers and 23-gauge needles. Whole-

scintigraphy was performed after administration of 185 MBq
(5 mCi) **'I. Results: Increased levels of thyroglobulin (ranging from
12 to >600 ng/ml) were measured in 40 of 55 (73%) patients with
metastases or local recurrences. Ultrasonography revealed occult
neck masses that were not detected by other methods. Neck
ultrasonography and ultrasound-guided biopsy were positive for
malignancy in 23 patients. Thyroglobulin levels were undetectable in
12 (52%) of these patients and "'l whole-body scintigraphy was
negative in 19 (83%) of them. Conclusion: The combined use of
three diagnostic modalities (measurement of serum thyroglobulin,
neck ultrasonography with ultrasound-guided biopsy for detecting
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recurrences of carcinoma in the neck region and '3'l whole-body
scintigraphy) appears to give the best results in the follows-up
patients with differentiated thyroid carcinoma.

Key Words: thyroid carcinoma; thyroglobulin; neck ultrasonogra-
phy; iodine-131; whole-body scintigraphy
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Iodine-l3l whole-body scintigraphy and serum thyroglobulin
measurements are considered to be the most effective methods
in the follow-up of patients with differentiated thyroid carci-
noma who have undergone surgical thyroidectomy and radio-
iodine ablation of the thyroid remnant. Both diagnostic proce-
dures, however, have some disadvantages. The major drawback
of *'I whole-body scintigraphy is the necessity to withdraw
thyroid hormone suppression therapy, with the subsequent
onset of hypothyroidism and its physical and psychological
effects (7). Also, highly specific radioiodine scintigraphy may
give false-negative results (2).

Numerous studies have shown that the determination of
serum thyroglobulin levels is a suitable procedure for the
follow-up of patients with thyroid carcinoma (3—9). The meth-
od’s most important advantage is the detection of metastases or
recurrences in patients who are on thyroid suppression therapy.
It is still, however, controversial whether thyroid hormone
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