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1467EDUCATION EXHIBIT

Amer Shammas, MD • Ruth Lim, MD2 • Martin Charron, MD

Positron emission tomography (PET) with 2-[fl uorine-18]fl uoro-2-
deoxy-D-glucose (FDG) is increasingly being used in the evaluation of 
pediatric oncology patients. However, the normal distribution of 18F 
FDG uptake in children is unique and may differ from that in adults. 
A number of physiologic variants are commonly encountered, includ-
ing normal physiologic uptake in the head and neck, heart, breast, 
thymus, liver, spleen, gastrointestinal tract, genital system, urinary 
collecting system, bone marrow, muscles, and brown adipose tissue. 
Benign lesions with increased 18F FDG uptake are also frequently 
seen and can be misinterpreted as malignancies. In addition, the use 
of combined PET/computed tomographic (CT) scanners is associated 
with pitfalls and artifacts such as attenuation correction and misreg-
istration. Proper interpretation of pediatric 18F FDG PET/CT studies 
requires knowledge of the normal distribution of 18F FDG uptake in 
children, as well as of the aforementioned physiologic variants, benign 
lesions, and PET/CT-related artifacts. Knowing these potential causes 
of misinterpretation can increase accuracy in PET image interpreta-
tion, decrease the number of unnecessary follow-up studies or proce-
dures, and improve patient treatment.
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Pediatric FDG PET/
CT: Physiologic Uptake, 
Normal Variants, and 
Benign Conditions1

LEARNING
OBJECTIVES
FOR TEST 5
After reading this 
article and taking 
the test, the reader 

will be able to:

Describe the nor- ■

mal distribution of 
18F FDG uptake in 
children.

Recognize normal  ■

variants at pediatric 
18F FDG PET/CT.

Discuss com- ■

mon 18F FDG–avid 
benign lesions and 
causes of imaging 
artifacts.
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See the 
questionnaire on
pp 1537–1544.

Abbreviations: CSF = colony-stimulating factor, FDG = 2-[fl uorine-18]fl uoro-2-deoxy-D-glucose, MIP = maximum-intensity-projection, SUV = 
standardized uptake value
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Introduction
Positron emission tomography (PET) with 
2-[fl uorine-18]fl uoro-2-deoxy-D-glucose (FDG) 
has been established as an effective modality for 
detecting various types of cancer and is rapidly 
becoming the standard modality of care for many 
cancers in adults (1–3). 18F FDG PET is also 
being applied with increasing frequency in the 
evaluation of children with various malignan-
cies (4–8). However, a number of pitfalls are 
commonly encountered with 18F FDG PET in 
children, including uptake in benign lesions and 
normal physiologic activity, leading to possible 
misinterpretation as malignancy and inaccurate 
disease staging (9,10). A thorough knowledge 
and understanding of the normal distribution of 
18F FDG uptake in children, normal variants at 
pediatric 18F FDG PET/computed tomography 
(CT), and PET/CT artifacts is essential for accu-
rate image interpretation.

In this article, we discuss and illustrate the 
normal distribution of 18F FDG uptake in chil-
dren, a variety of physiologic variants in distribu-
tion, benign lesions that could be misinterpreted 
as malignancies, and the most common artifacts 
associated with PET/CT performed in pediatric 
oncology patients.

Imaging Tech-
niques and Considerations

Use of 18F FDG
18F FDG is a glucose analog labeled with a posi-
tron-emitting isotope, F (fl uorine)–18. It is trans-
ported into cells by glucose transporters, phos-
phorylated by hexokinase, and trapped within 
the cell. Malignant tissues accumulate 18F FDG 
more avidly than do normal tissues due to their 
increased glucose metabolism rate, increased ex-
pression of glucose transporters, and highly active 
hexokinase bound to tumor mitochondria com-
pared with normal tissue (11). 18F FDG uptake is 

also known to occur in nonmalignant infl amma-
tion and infection (12,13). Increased uptake in in-
fl ammation is due to an increased number of glu-
cose transporters. In addition, the affi nity of glu-
cose transporters for deoxyglucose is apparently 
increased by various cytokines and growth fac-
tors, a phenomenon that has not been observed 
in tumors (12). Imaging of infl ammation with 18F 
FDG PET is also based on the fact that infi ltrated 
granulocytes and tissue macrophages use glucose 
as an energy source. When these granulocytes and 
macrophages are activated (ie, when infl ammation 
occurs), metabolism—and, thus, FDG uptake—
increases (14,15).

Indications
Although data are limited, an increasing num-
ber of reports are being published regarding the 
clinical utility and impact of 18F FDG PET/CT 
in pediatric oncology (4). The most common in-
dications for 18F FDG PET in pediatric oncology 
include lymphoma, sarcoma, and neuroblastoma 
(16). 18F FDG PET can be used in lymphoma 
(both Hodgkin and non-Hodgkin types) for stag-
ing, evaluation of response to therapy, restaging, 
assessment of residual masses after therapy, bi-
opsy planning, and planning of radiation therapy 
(4,5,16). It is also used in osteosarcoma, Ewing 
sarcoma, and soft-tissue sarcomas for similar pur-
poses. 18F FDG PET is used in neuroblastoma, 
especially in MIBG (metaiodobenzylguanidine)–
negative cases or cases of opsoclonus-myoclonus 
syndrome in which no primary tumor is detected 
at conventional imaging (9,16,17). Less common 
reasons for performing 18F FDG PET in pedi-
atric oncology patients include the evaluation of 
germ cell tumors, hepatoblastoma, Wilms tumor, 
malignancy from an unknown primary tumor, 
and neurofi bromatosis type 1 for suspected ma-
lignant transformation of plexiform neurofi broma 
(16,18). In an early series at our institution, 52% 
of 54 18F FDG PET/CT studies were performed 
for lymphoma, 14% for neuroblastoma, 11% for 
sarcoma, and 7% for posttransplantation lym-
phoproliferative disorder.
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Patient Preparation
Specifi c information is required for optimal in-
terpretation of FDG PET/CT images, such as 
clinical history; results of previous imaging stud-
ies; history of surgery, chemotherapy, or radia-
tion therapy; and presence of a central venous or 
drainage catheter (16). A thorough explanation 
of the procedure should be given to the patient 
and his or her parents. The child should fast for at 
least 4–6 hours before the study, but should drink 
water to maintain good hydration if anesthesia or 
sedation is not indicated (16,18). Intravenously 
performed hydration during the uptake period 
may be achieved with 0.9% saline solution (18). 
In infants, radiotracer injection should be timed 
as close as possible to breast or bottle feeding; a 
feed may be given from 30 minutes after injec-
tion (16,18). The fasting blood glucose level 
needs to be determined prior to 18F FDG injec-
tion, with the preferred level being lower than 7 
mmol/L. If the blood glucose level is higher than 
7 mmol/L, the supervising physician should be 
notifi ed so that a decision can be made whether to 
proceed with the radiotracer injection (18). Local 
anesthetic cream can be used to reduce the dis-
comfort caused by the intravenous catheter (16). 
Children with known or suspected tumors are 
usually imaged approximately 1–2 hours after the 
intravenous administration of 18F FDG (18). The 
optimal 18F FDG distribution phase is controver-
sial. Many facilities begin acquiring images 60–90 
minutes after 18F FDG administration. Some fa-
cilities obtain a second set of images to assess the 
change in uptake over time. The duration of the 
18F FDG uptake period should be kept constant 
whenever possible (19). A dose of 5.18–7.4 MBq/
kg (0.14–0.20 mCi/kg) has been recommended for 
pediatric oncology patients (19). After injection, 
children should avoid exercising, talking, or chew-
ing. They should be kept warm during the uptake 
phase with an adequately heated room and the use 
of warm blankets and clothing. This approach may 
help reduce radiotracer uptake in thermogenic 
brown fat. At our institution, children spend the 
uptake period watching a movie on DVD (digital 
video disk) while seated in a reclining armchair in 
a warm, quiet, dimly lit room.

The need for a sedative or anesthetic must be 
assessed on a case-by-case basis in children who 
cannot remain motionless in the scanner for at 
least 15–20 minutes. Patient motion will inter-
rupt the PET study, resulting in inadequate im-
age quality (16). Generally, sedation or anesthesia 
protocols are variable and are performed in ac-
cordance with institutional guidelines. Guidelines 
from the American College of Radiology and the 
American Academy of Pediatrics can help in de-
veloping an institutional sedation protocol (20).

Bladder catheterization may be used to reduce 
accumulated urinary radiotracer activity in the 
bladder (19). However, catheters are neither rou-
tinely used nor generally recommended in pediat-
ric patients because catheterization increases the 
risk of infection and causes additional stress for 
children (16). Loop diuretics such as furosemide 
(0.5–1 mg/kg; maximum dose, 20 mg) can be 
given to enhance diuresis and reduce activity in 
the urinary tract. However, furosemide might be 
more valuable with dedicated PET-only scanners 
(16,19). Combined PET/CT provides additional 
anatomic information that is often suffi cient to 
accurately localize the focal area of increased ra-
diotracer uptake in the urinary tract (16).

Combined PET/CT
A fi eld of view extending from the skull base to 
the midthighs is usually suffi cient. However, in 
neuroblastoma, sarcoma, or lymphoma with sus-
pected skeletal or bone marrow involvement, the 
upper and lower extremities as well as the skull 
should be included (16). With combined PET/
CT scanners, attenuation coeffi cients obtained 
from the CT component are used to generate 
attenuation-corrected PET scans. The additional 
radiation exposure to the pediatric patient from 
the CT component of the examination has be-
come an issue of concern (16). Children should 
be evaluated individually to determine if CT is 
to be used for attenuation correction and ana-
tomic localization only (very low-dose CT), or if 
diagnostic quality is needed (routine-dose CT). 
The CT tube current may be reduced to 25–35 
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Figure 1. Coronal 18F FDG PET scan 
shows normal physiologic 18F FDG uptake 
in the brain, heart, liver, spleen, urinary 
collecting system (including the bladder), 
and bone marrow. Note the markedly in-
tense activity in the brain compared with 
the activity in the rest of the body.

seen in the brain, heart, liver, spleen, gastrointesti-
nal tract, urinary collecting system (including the 
bladder), and bone marrow (Fig 1).

Normal Distribution 
and Physiologic Variants 

of 18F FDG Uptake in Children
The normal distribution and physiologic variants 
of 18F FDG uptake in children differ from those 
in adults, and it is important that they be recog-
nized so as to avoid misinterpretation (9,20).

Head and Neck
The most intense 18F FDG activity is present in 
the normal cerebral cortex and basal ganglia be-
cause the brain is dependent on glycolytic metabo-
lism as a source of energy (Fig 1). Brain metabo-
lism may account for as much as 20% of whole-

mAs (pitch, 1.5) in most children in whom CT is 
used for attenuation correction and localization 
only (18). According to the literature on adult 
patients, the whole-body effective dose for low-
dose CT performed at 30–32.5 mAs is 10%–20% 
of that for routine-dose CT (1.3–2.4 mSv versus 
14.1–17.6 mSv) (21). Recent pediatric research 
indicates that adequate attenuation correction 
can be achieved with ultra-low-dose CT (80 kVp, 
5 mAs, 1.5:1 pitch), representing a 100-fold dose 
reduction relative to routine-dose diagnostic CT 
(22). However, the minimum CT dose needed to 
provide adequate anatomic correlation with the 
PET fi ndings was not evaluated in this research.

At our institution, children with known or sus-
pected tumors are imaged approximately 1 hour 
after the intravenous administration of 18F FDG 
(5.18 MBq/kg [0.14 mCi/kg]; maximum, 370 
MBq [10 mCi]). Blood glucose level is checked 
prior to injection of the radiotracer. Patients rest 
in a quiet room while covered in warm blankets 
during the uptake period. No premedication 
is used to minimize brown adipose tissue or 
muscle uptake. When required, either conscious 
sedation or general anesthesia is induced per 
standard department protocol. When clinically 
indicated, diagnostic-quality intravenous contrast 
material–enhanced CT is performed and the 
resultant CT scans are used for attenuation cor-
rection (23–25). Otherwise, only very low-dose 
nonenhanced CT scans are acquired for attenu-
ation correction and anatomic localization. No 
oral contrast material is used. PET/CT images 
are obtained on a 16-section germanium oxy-
orthosilicate scanner (GEMINI GXL; Philips, 
Cleveland, Ohio). CT is performed prior to the 
acquisition of PET data in a single step with the 
patient supine and, if possible, with the patient’s 
arms positioned above the head. Caudocranial 
three-dimensional PET data are subsequently ac-
quired (1½ minutes per bed position).

Normal Distribu-
tion of 18F FDG Uptake

The normal physiologic accumulation of 18F FDG 
in the body is based on glucose metabolism, which 
can be variable. Physiologic uptake is normally 
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normal 18F FDG activity in children should not 
necessarily be interpreted as disease. Usually, 

the symmetric pattern of physiologic tonsillar 
and adenoidal uptake is helpful in identifying 
this normal variant (28). The soft palate can also 
show intense radiotracer uptake (29).

Uptake in the salivary glands is variable but 
typically mild to moderate (Fig 3) (10). Nakamoto 
et al (29) reported mild to moderate parotid gland 
uptake in 51% of patients and intense parotid 

body metabolism in the fasting state (10). The 
total uptake in the brain represents approximately 
6% of the injected dose of 18F FDG (26).

Mild to moderate uptake is usually seen in 
the adenoids, in the tonsils, and at the base 
of the tongue due to the physiologic activity 
of lymphatic tissue in the Waldeyer ring (10). 
However, markedly intense uptake can be seen 
in the Waldeyer ring (Fig 2) (27)—especially in 
children, due to high physiologic activity of these 
lymphatic tissues that peaks at 6–8 years of age, 
after which time it diminishes. These areas of 

Figure 2. Maxi-
mum-intensity-pro-
jection (MIP) FDG 
PET image (a) and 
transverse FDG 
PET (b), CT (c), 
and fused PET/CT 
(d) images show 
marked and symmet-
ric uptake in normal 
tonsils (arrows) as 
well as bilateral mild 
uptake in the parotid 
glands (arrowheads 
in b–d).

Teaching
Point
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sibility of disease such as malignancy, posttherapy 
change, or unilateral vocal cord paralysis (27).

Variable 18F FDG uptake that corresponds 
to the genioglossus muscle in the fl oor of the 
mouth, which keeps the tongue forward when the 
patient is supine, can sometimes be noted. Plac-
ing the patient upright during the uptake phase 
can minimize this uptake (30). Muscle activity 
can also be identifi ed at the convergence of the 
extraocular muscles, as well as along the length of 
these muscles (Fig 5) (27).

Occasionally, incidental diffuse symmetric up-
take can be seen in clinically euthyroid patients 
(10,27). In our experience, this is a relatively rare 
occurrence in children. However, such diffuse 
thyroid uptake may represent Graves disease or 
thyroiditis. Focal thyroid uptake can be seen in 
benign thyroid nodules or malignancies, and fur-
ther work-up is warranted in such cases (27).

gland uptake in 14%. The uptake in the subman-
dibular and sublingual glands was variable, with 
positive rates of 53% and 72%, respectively (29). 
Diffusely increased salivary gland uptake can also 
be seen after chemotherapy or radiation therapy 
(27). 18F FDG uptake in the salivary glands can 
be asymmetric due to acute infl ammation follow-
ing recent surgery or radiation therapy. However, 
radiation therapy may eventually cause decreased 
uptake on the affected side (10).

The larynx and vocal cords usually show either 
no uptake or mild symmetric uptake, which may 
have an inverted U shape (Fig 4) (27,29). It is im-
portant to instruct children not to talk during the 
uptake phase, since excessive talking may cause 
prominent activity in the laryngeal structures (27). 
Asymmetric vocal cord uptake suggests the pos-

Figure 3. MIP FDG PET im-
age (a) and transverse FDG PET (b), 
CT (c), and fused PET/CT (d) 
images show markedly increased 
uptake in the sublingual glands (ar-
rows) and mildly increased uptake 
in the submandibular glands (ar-
rowheads in b–d).
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Figure 4. MIP FDG PET image (a) and transverse FDG PET (b), CT (c), and fused PET/CT (d) images 
show mildly increased uptake in the arytenoid muscles (arrows).

Figure 5. Transverse FDG 
PET scan (a) and fused PET/
CT image (b) show bilateral 
marked uptake in the medial 
and lateral rectus muscles of 
the head.
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Figure 4. MIP FDG PET image (a) and transverse FDG PET (b), CT (c), and fused PET/CT (d) images 
show mildly increased uptake in the arytenoid muscles (arrows).

Figure 5. Transverse FDG 
PET scan (a) and fused PET/
CT image (b) show bilateral 
marked uptake in the medial 
and lateral rectus muscles of 
the head.
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Figure 7. MIP FDG PET im-
age obtained in a patient who had 
eaten a heavy meal 3 hours prior 
to 18F FDG injection shows in-
tense uptake in the heart and high 
soft-tissue background activity.

Figure 6. Coronal FDG PET 
scan shows diffuse and homo-
geneous uptake in the normal 
thymus. The uptake is bilobed 
with an inverted V shape.

Thymus
Diffuse and homogeneous uptake in the thymus 
is common in healthy children (31). The uptake is 
bilobed with an inverted V shape on coronal views 
(Fig 6) (27). Generally, physiologic uptake in the 
thymus disappears during adolescence in conjunc-
tion with involution of the thymus (31). Prominent 
thymic uptake may also be seen following che-
motherapy; homogeneous thymic uptake at post-
therapy FDG PET and the absence of uptake at 
pretherapy FDG PET indicate posttherapy thymic 
hyperplasia. Thymic hyperplasia (or “rebound”) 
is seen following chemotherapy more often in 
children than in adults. Brink et al (31) reported 
increased FDG accumulation in the thymus in 
75% of children with malignant disease who had 
undergone chemotherapy. Very intense uptake or 
heterogeneous uptake may raise suspicion for thy-
mic or other anterior mediastinal disease.

Myocardium
Cardiac activity is variable, ranging from no dis-
cernible activity above background blood pool 
activity, to intense activity throughout the left 
ventricular myocardium (10,30). The degree of 
cardiac uptake depends on substrate availabil-
ity. During the fasting state, 18F FDG uptake is 
low because (a) the predominant myocardial 
substrates are fatty acids as a source of energy, 
and (b) the serum insulin level is low. However, 
uptake can be variable or nonuniform even in 
the fasting state, a fi nding that may be misinter-
preted as a mediastinal abnormality (10). In the 
postprandial state, when the serum glucose and 
insulin levels are high, myocardial uptake can be 
intense (Fig 7) (10,30). Therefore, in oncologic 
applications, cardiac activity is minimized by fast-

ing for 4–6 hours prior to 18F FDG injection. It 
is unusual to see atrial or right ventricular activ-
ity unless there is cardiac disease affecting those 
chambers (30,32). Increased 18F FDG uptake has 
also been reported in lipomatous hypertrophy of 
the interatrial septum. The cause of this uptake 
may be related to the presence of brown fat (33).

Breast
Moderate and diffuse FDG uptake can be seen 
in normal breast due to proliferative glandular 
tissue (30). Higher uptake may be seen in ado-
lescent girls with dense breasts. The nipples also 
normally demonstrate activity, which is better 
identifi ed on non-attenuation-corrected images. 
Low-grade breast cancer might not be detected 
against this background activity (30). Lin et al 
(34) observed a signifi cant correlation between 
the intensity of 18F FDG uptake in normal breast 
tissue and the menstrual cycle. They postulated 
that 18F FDG studies are less sensitive in detect-
ing small breast tumors during the ovulatory 
and secretory phases. High 18F FDG uptake can 
be seen in lactating breasts (35). The amount of 
radioactivity within breast milk is low, although 
most institutions recommend that breast feeding 
be discontinued for 8–24 hours after injection. 
The infant is more likely to receive radiation ex-
posure from close contact with the breast than 
from milk (35).

Teaching
Point
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Gastrointestinal Tract
18F FDG uptake in the normal gastrointestinal 
tract is highly variable and can range from mild 
to intense with a focal, diffuse, or segmental dis-
tribution. The origin of 18F FDG uptake in the 
gastrointestinal tract is not fully understood and 
is likely multifactorial. It may be related to active 
smooth muscle, active mucosa, swallowed secre-
tions, or microbial uptake (36). Esophageal activ-

Figure 8. Sagittal 
FDG PET scan (a) and 
fused PET/CT image (b) 
show linear 18F FDG up-
take anterior to the tho-
racic spine (a), a fi nding 
that corresponds to the 
normal esophagus (b).

Figure 9. Coronal FDG PET scan (a) and 
transverse fused PET/CT image obtained at the 
level of the stomach (b) show curvilinear 18F 
FDG uptake corresponding to the normal gastric 
wall. Note also the bilateral muscle activity in the 
neck on the coronal image.

ity can be noted as mild linear uptake anterior 
to the spine and is best seen in the sagittal plane 
(Fig 8) (10,30). Patients with esophagitis from 
refl ux or after radiation therapy can have marked 
uptake along the esophagus. Patients with hiatal 
hernia and Barrett esophagus may also have 
increased uptake in the distal esophagus. Curvi-
linear homogeneous uptake corresponding to the 
gastric wall is commonly identifi ed (Fig 9). If the 
stomach is contracted, a round area of moder-
ate activity may be seen (28). Gastric uptake is 
usually mild, but more intense uptake may be 
associated with Helicobacter pylori infection (30). 
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Uptake in the small bowel is variable and is usu-
ally low grade when visible. Colonic activity is 
extremely variable and may be quite marked, af-
fecting all or part of the colon. Uptake is typically 
more prominent in the cecum than in the rest of 
the colon, possibly due to a greater concentration 
of lymphoid tissue in the ileocecal region (Fig 
10) (30,37). Occasionally, intense uptake in the 
cecum may make differentiation of malignancy 
or infl ammation from a normal variant quite 
challenging. PET/CT can reduce diagnostic un-
certainty by allowing direct anatomic correlation 
with normal bowel, leading to more confi dent 
image interpretation (37). Marked 18F FDG ac-
cumulation can be seen in children with infl am-
matory bowel disease (38). The liver typically 
shows homogeneous moderate uptake, with rela-
tively less intense uptake in the spleen.

Genitourinary System
Unlike glucose, 18F FDG is not reabsorbed by 
the renal tubules, resulting in signifi cant urinary 
activity in any part of the urinary tract. If there is 
signifi cant retention in the renal collecting system, 

reconstruction artifacts may interfere with visual-
ization of the upper abdomen (37). However, now 
that new iterative reconstruction algorithms are 
widely used, reconstruction artifacts from areas of 
high activity are less common than when fi ltered 
back projection was used (30). As discussed earlier, 
keeping the patient well hydrated and administer-
ing diuretics to dilute urinary activity can minimize 
such activity and improve image quality. The use 
of combined 18F FDG PET/CT to localize foci of 
high 18F FDG activity at CT helps avoid false-pos-
itive results due to urinary activity in the abdomen 
and pelvis (39). Signifi cant activity along the entire 
length of the ureter is not typically seen in patients 
with a normal urinary tract but can be identifi ed 
in those with obstruction or dilatation (37). Focal 
urinary activity within the ureter can resemble ma-
lignant lymphadenopathy (37,39). Urinary activity 
in bladder diverticula may mimic lymphadenopa-
thy or ovarian tumors (37,39). Congenital variants 
such as ectopic kidney or horseshoe kidney and 
anatomic distortion such as urinary diversion may 
also lead to false-positive results (39).

In males, testicular uptake normally demon-
strates a symmetric and diffuse pattern. The inten-
sity is usually moderate and may decrease with age 

Figure 10. Coronal FDG 
PET scan (a) and transverse 
CT (b) and fused PET/CT (c) 
images show markedly in-
creased 18F FDG uptake in the 
normal right colon (arrow). 
Note also the physiologic 
uptake in the thymus on the 
coronal image.
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Figure 11. Physiologic testicular uptake in a 16-year-old boy with a history of lymphoma of the left tibia. 
Transverse 18F FDG PET scan (a) and fused PET/CT image (b) show moderate and diffuse uptake in the 
testicles. No abnormalities were seen at CT.

(Fig 11) (40). In females, the endometrium gener-
ally shows cyclically variable uptake, but marked 
uptake can be seen during menstruation (39). 
Lerman et al (41) observed two peaks of increased 
physiologic activity in premenopausal patients: one 
at midcycle and the other during the menstrual 
fl ow phase. Marked 18F FDG uptake associated 
with fi broid tumors has also been reported (39). 

Figure 12. Benign ovarian 18F FDG uptake 
in a 15-year-old girl with a history of large B-cell 
lymphoma in the abdomen. Coronal 18F FDG 
PET scan (a) and transverse fused PET/CT im-
age (b) show bilateral foci of increased activity in the 
ovaries (arrows) associated with midcycle ovulation. 
Follow-up imaging showed resolution of the foci.

Normally, no 18F FDG uptake can be detected in 
the ovaries, but infl ammatory processes, ovulating 
ovaries, and some ovarian cysts may cause focal 
increased uptake, thereby mimicking lymphade-
nopathy (Fig 12) (30,41). Focal increased uptake 
has also been described in physiologic corpus 
luteum cysts (Fig 13). The focal pattern of physi-
ologic ovarian uptake can be misinterpreted as 
pelvic lymphadenopathy. Combined PET/CT 
allows precise anatomic localization of 18F FDG 
uptake to ovarian structures, thereby improving 
differentiation of normal physiologic uptake from 
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Figure 13. Ovarian corpus luteum cyst in a 17-year-old girl with a history of stage IVB Hodgkin 
disease. The patient’s most recent menstrual period occurred 3 weeks prior to her undergoing follow-
up 18F FDG PET/CT after having completed chemotherapy. (a) Coronal FDG PET scan shows focal 
increased uptake in the right side of the pelvis (arrow). (b) Transverse CT scan shows a cystic structure 
with rim enhancement in the right ovary (arrow), a fi nding that is consistent with an ovarian corpus lu-
teum cyst. (c) Transverse fused PET/CT image shows focal increased uptake in the cyst (arrow).

disease (42). Discussing the phase of the patient’s 
menstrual cycle with her is often helpful in differ-
entiating physiologic from malignant ovarian 18F 
FDG uptake (41).

Skeletal Muscle
Generally, muscle uptake is low at rest. Physi-
ologic muscle uptake is commonly encountered 
at 18F FDG studies due to excessive muscle activ-
ity during the uptake phase or within a few days 
preceding the study (Fig 9) (43). High muscle 
uptake is most commonly seen in the head, neck, 
and thorax and less commonly in the lower ex-
tremities. The pattern is usually distinctive and 
symmetric in various muscle groups. However, 
asymmetric muscle uptake can occur. Marked 
uptake can be seen after excessive exercise or 
muscle tension. Laryngeal muscle uptake can be 
seen if the patient has been talking during the 
uptake phase (Fig 4). The chewing of gum after 
18F FDG injection can cause symmetric intense 
uptake in the masseter muscles. Uptake in these 
muscles may also be seen in babies who suck pac-

ifi ers during the uptake phase (16). Hyperventila-
tion may induce diaphragmatic uptake. Uptake 
in the diaphragm, the crura of the diaphragm, 
and the intercostal muscles can be detected in 
children who have been crying during the uptake 
phase (Fig 14). Muscular imbalance after surgery 
or due to scoliosis may cause increased uptake 
in skeletal muscles due to altered mechanics. 
Insulin or recent food intake can cause diffuse 
skeletal muscle uptake, since insulin drives 18F 
FDG into skeletal muscle. Muscle relaxants such 
as benzodiazepines may be used to minimize 
muscle uptake (44,45). To avoid marked muscle 
uptake, patients should rest comfortably during 
the uptake phase. Instructions may be given to 
children to avoid excessive exercise during the 48 
hours prior to injection. Furthermore, technolo-
gists should discourage and report any excessive 
physical activity by the patient during the uptake 
phase (43).

Brown Adipose Tissue
Physiologic high uptake can be observed along the 
distribution of activated brown adipose tissue in 
the neck, supraclavicular regions, axillae, mediasti-
num, and paravertebral and perinephric regions 
(Fig 15) (20). Uptake of 18F FDG, a glucose 
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Figure 14. Muscle uptake in a 
2-year-old girl who was crying after 
18F FDG injection. (a) MIP FDG 
PET image shows increased uptake 
in the diaphragm and intercostal 
muscles (arrows). (b) Coronal CT 
scan shows no diaphragmatic abnor-
malities (arrows). (c) Coronal fused 
PET/CT image shows linear uptake 
(arrows) corresponding to the dia-
phragm (cf b).

Figure 15.  MIP FDG PET 
image shows the typical distribu-
tion of uptake in brown adipose 
tissue in pediatric patients. The 
uptake is localized in the neck, 
supraclavicular and axillary re-
gions, mediastinum, paraverte-
bral and perinephric areas, and 
anterior abdominal wall.
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Figure 16. Effect of granulocyte 
CSF treatment in a 15-year-old girl 
with Hodgkin disease. 18F FDG 
PET/CT was performed after two 
cycles of chemotherapy. MIP FDG 
PET image shows diffuse skeletal 
and splenic uptake, a fi nding that 
refl ects granulocyte CSF–induced 
hematopoiesis.

forms multiple tasks, including clearance of en-
capsulated bacteria, phagocytosis, and production 
of infl ammatory substances and immunoglobulin 
antibodies. Presumably, diffusely increased splenic 
activity refl ects increased glucose usage by this or-
gan in the setting of extrasplenic infection (13).

Reduced bone marrow 18F FDG uptake can be 
noted several months after external beam radiation 
therapy. This phenomenon has been attributed to 
the replacement of bone marrow by fatty tissue 
(52). Typically, no 18F FDG uptake is identifi ed in 
normal bone. However, skeletally immature pedi-
atric patients may have physiologic linear uptake in 
physes and apophyses (Fig 17) (53).

Benign Causes of 
Abnormal 18F FDG Uptake

18F FDG is not a specifi c tumor agent and can 
accumulate in nonmalignant disorders, including 
infectious and infl ammatory diseases (52).

Bone Lesions
Among benign bone lesions, fi bro-osseous defects 
are of particular importance in children. Benign 
fi bro-osseous lesions such as nonossifying fi bro-

analog, occurs when glucose transporters in brown 
adipose tissue have been activated (46). Since the 
introduction of PET, physiologic 18F FDG uptake 
in activated brown adipose tissue has been known 
to be a source of false-positive results (45). 18F 
FDG uptake in brown fat is typically bilateral and 
symmetric. However, focal and asymmetric uptake 
can occur in the neck or mediastinum, leading to 
false-positive results. Combined 18F FDG PET/
CT provides precise anatomic correlation, which 
allows differentiation between 18F FDG uptake 
corresponding to fat-attenuation tissue at CT 
and uptake from pathologic causes (47). Uptake 
in brown fat is more common in children than 
in adults and is most common during the winter. 
Warming the patient prior to injection and during 
the uptake phase is a simple approach that is used 
routinely at our institution to reduce brown fat up-
take (45,48). Brown fat 18F FDG uptake can also 
be avoided by administering diazepam, fentanyl, or 
propanolol prior to injection (48,49).

Bone Marrow and Spleen
Generally, mild activity that is less intense than 
liver activity is identifi ed within the hematopoi-
etic bone marrow (30). Bone marrow activity that 
is more intense than liver activity is considered 
abnormal. Normal accumulation is generally ho-
mogeneous, with more extensive distribution in 
children than in adults (20). Increased bone mar-
row activity can be seen following chemotherapy, 
usually resolving within 1 month. Increased 
uptake can also be seen with hyperplasia and he-
matopoietic stimulation from anemia. Treatment 
with hematopoietic cytokines such as granulocyte 
colony-stimulating factor (CSF), hematopoietic 
growth factor, or erythropoietin can also produce 
diffuse skeletal 18F FDG accumulation (Fig 16) 
(50). Increased activity can persist for up to 3 
weeks after the discontinuation of granulocyte 
CSF treatment; therefore, it is advisable to post-
pone 18F FDG PET until approximately 4 weeks 
after treatment (50).

In addition, diffusely increased 18F FDG uptake 
can be observed in the spleen during granulocyte 
CSF treatment, accompanying increased bone 
marrow uptake and refl ecting granulocyte CSF–
induced splenic extramedullary hematopoiesis 
(Fig 16) (51). It is important to recognize that 
increased splenic activity can also occur in patients 
with extrasplenic infection; therefore, splenic up-
take should not automatically be interpreted as 
either splenic infection or tumor (13). The spleen 
is an integral part of the immune system and per-
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Figure 18. Pneumonia in an 8-year-old boy with a history of neuroblastoma, fever, and cough. (a) Transverse CT 
scan (lung window) shows an area of infection in the right lung (arrow). (b) Transverse fused 18F FDG PET/CT im-
age shows markedly increased uptake in the right lung (arrow), a fi nding that corresponds to the area of infection. At 
follow-up imaging performed after a course of antibiotic therapy, the infection had resolved.

Figure 17. Coronal 
FDG PET scan (a) 
and fused PET/CT 
image (b) show bilat-
eral linear 18F FDG 
uptake in the distal 
femora and proximal 
tibiae, fi ndings that 
correspond to the 
long bone physes.

mas, fi brous cortical defects, and cortical desmoid 
tumors can manifest with variably, often intensely, 
increased 18F FDG uptake and thereby mimic 
malignant bone disease. Nonossifying fi bromas 
and fi brous cortical defects are typically located in 
the metaphysis or diametaphyseal junction of the 
distal femur or proximal tibia. Correlation with 
the CT fi ndings from a PET/CT study can help in 
characterizing these lesions and obviating further 
diagnostic procedures. CT will show an eccentric 
low-attenuation lesion with a thin sclerotic rim. It 
can also help determine whether a pathologic frac-
ture has occurred (53). Acute or healing fractures 
may also show increased 18F FDG activity. Osteoid 
osteoma, chondroblastoma, Langerhans cell his-
tiocytosis, fi brous dysplasia, and osteomyelitis are 
other examples of pediatric bone lesions that can 
exhibit high FDG uptake (54,55).

Infection and Infl ammation
Focal increased 18F FDG accumulation is seen 
with various infectious or infl ammatory pro-
cesses, including abscesses, pneumonia, sinusitis, 
osteomyelitis, prosthetic joint infection, tuber-
culosis, infectious mononucleosis, and fungal or 
granulomatous disease such as aspergillosis, cryp-
tococcosis, histoplasmosis, tuberculosis, Wegener 
granulomatosis, histiocytosis, and sarcoidosis. As 
noted earlier, 18F FDG uptake has been reported 
in children with infl ammatory bowel disease 
(12,13). Pneumonia may manifest with marked 
focal increased uptake in the lung, usually resolv-
ing after antibiotic therapy (Fig 18) (56). Foci 
of 18F FDG accumulation in the gluteal muscles 
of the buttocks strongly suggest injection site 
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Figure 20. Attenuation correction artifact. (a) Trans-
verse attenuation-corrected FDG PET scan shows a 
focus of increased uptake in the upper right chest wall 
(arrow). (b) Transverse fused PET/CT image also 
shows the focus of increased uptake (arrow), a fi nding 
that represents a catheter. (c) Transverse non-atten-
uation-corrected FDG PET scan shows no increased 
uptake. The high attenuation of a catheter leads to 
overcorrection of the activity on attenuation-corrected 
images. This artifact is not present on non-attenuation-
corrected images.

Figure 19. FDG uptake at subcutaneous injection sites in a 16-year-old girl with a history of lymphoma and 
pathologic fracture of the proximal left femur. The patient had a history of prophylactic subcutaneous injections of 
low-molecular-weight heparin and had undergone hardware fi xation. (a) Transverse CT scan obtained at the level 
of the thigh shows areas of soft-tissue attenuation (arrowheads). (b) Transverse fused PET/CT image shows foci of 
subcutaneous uptake (arrowheads) corresponding to the areas of soft-tissue attenuation seen at CT.

granulomas, especially in patients with a history 
of recent intramuscular injections. Injection site 
granulomas are also recognized after repeated in-
jections of drugs into the subcutaneous fat (57). 
Patients receiving subcutaneous injections of low-
molecular-weight heparin may develop FDG-avid 
subcutaneous areas of soft-tissue attenuation at 
the injection sites. Such nodules can resemble 
metastatic tumor deposits at CT (58). The accu-
mulation of infl ammatory cells and macrophages 
within these lesions may explain the 18F FDG ac-
cumulation in the lesions. Careful correlation with 
clinical history is needed to avoid misdiagnosis 
(Fig 19) (57,58). Active vascular infl ammation 
may demonstrate 18F FDG uptake. 18F FDG PET/
CT images can help detect Takayasu arteritis and 
refl ect the distribution of infl ammatory activity in 
the vascular wall (59).

Technical Artifacts
The use of a combined PET/CT imaging system 
creates distinctive artifacts that are not seen on 
dedicated PET-only systems. The most commonly 
seen artifacts are related to the use of CT data 
rather than PET data for attenuation correction. 
Metallic objects such as prostheses, pacemakers, 
or chemotherapy catheters can cause artifactually 
increased activity and lead to false-positive results 
(Fig 20) (20,60). The high CT attenuation values 
(in Hounsfi eld units) cause falsely high PET at-
tenuation coeffi cients, leading to overestimation of 
the PET activity corresponding to the metallic ob-
jects on the attenuation-corrected images (30,60). 
Similarly, highly concentrated intravenous and oral 
contrast material can lead to overcorrection of ac-
tivity and false-positive results at PET if enhanced 
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Figure 21. Respiratory motion artifact. (a) Coronal attenuation-corrected FDG PET scan shows bilateral 
curvilinear uptake along the domes of the diaphragm. (b) Coronal non-attenuation-corrected FDG PET scan 
shows no abnormally increased activity, a fi nding that, along with the fact that there was no corresponding CT 
abnormality, confi rms that the diaphragmatic uptake seen in a represents respiratory motion artifact.

marker than would SUV calculated on the basis of 
body weight and is probably the most appropriate 
approach for the follow-up of these patients, as-
suming that SUVs are to be used (61).

Respiratory motion in children can cause mis-
registration of PET and CT scans, leading to at-
tenuation correction artifact. The liver dome and 
spleen may be seen above the diaphragm at CT, 
there may be crescentic areas of photopenia above 
the diaphragm (“banana sign”), or focal uptake 
in the dome of the liver may be falsely localized to 
the lung base on the attenuation-corrected images, 
thereby mimicking a lung nodule (Fig 21). These 
artifacts are due to the difference in diaphragm 
position at CT and PET. PET is performed over 
several minutes during tidal breathing, with the 
fi nal PET scan depicting the average position of 
the diaphragm during respiration. In contrast, 
CT is performed during a specifi c stage of the 
breathing cycle—usually full inspiration, when the 
diaphragm is at its lowest point (60). Misregistra-
tion may be minimized by performing CT during 
midexpiration (30). Any change in patient position 
between PET and CT can lead to misregistration 
on the fusion images and attenuation artifact on 
the attenuation-corrected images (Fig 22).

CT data are used for attenuation correction. 
Overly concentrated intravenous contrast mate-
rial is typically seen in the region just proximal to 
the intravenous catheter (eg, upper arm and axilla 
after antecubital injection). Overly concentrated 
oral contrast material usually represents retained 
barium in the colon after a recent fl uoroscopic or 
CT examination. Viewing the non-attenuation-
corrected PET images can help distinguish this 
attenuation correction artifact from true hyper-
metabolism, since this artifactually high activity 
will not be present on the noncorrected images 
(30,60). Oral contrast material may not signifi -
cantly affect image quality and visual interpreta-
tion. However, semiquantitative measures such as 
standardized uptake value (SUV) may be affected 
slightly (20). Intravenous contrast material can 
also result in the overestimation of PET attenua-
tion factors and an increase in SUV in regions of 
highly concentrated contrast material. However, 
this increase may be clinically insignifi cant, and 
PET/CT with intravenous contrast-enhanced CT 
can be used in combination with PET to evaluate 
patients with cancer (23,24). The optimal method 
for calculating SUV in children may be different 
from that used in adults due to the body changes 
and growth that take place during childhood. 
Therefore, it has been suggested that, in pediatric 
patients, SUV calculated on the basis of body sur-
face area would serve as a better metabolic activity 
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Figure 22. Motion artifact in a 16-year-old girl. (a) Transverse attenuation-corrected FDG PET scan shows arti-
factually high uptake along the outer aspect of the right mandibular body and along the inner aspect of the left man-
dibular body. (b) Non-attenuation-corrected FDG PET scan shows symmetric mandibular uptake. (c) Fused FDG 
PET/CT image shows artifactually high uptake corresponding to that shown in a. The symmetric mandibular uptake 
shown on the non-attenuation-corrected scan, along with the fact that there was no corresponding abnormality at 
CT, confi rms that the uptake seen in a and c represents motion artifact.

The CT scanner may have a relatively smaller-
diameter fi eld of view (50 cm) compared with the 
PET scanner (70 cm). This difference can lead to 
truncation artifacts when the patient’s body ex-
tends beyond the CT fi eld of view, causing under-
estimation of the SUV of the peripheral portions 
of the attenuated-corrected images. In addition, 
truncation can cause streak artifact at the edges of 
the CT scans and overestimation on the attenua-
tion-corrected images, producing high activity at 
the edges. Therefore, it is important for technolo-
gists to ensure that the patient is at the center of 
the fi eld of view and that the patient’s entire body 
is included, especially in morbidly obese children 
(positioning the child’s arms above the head may 
be helpful), to reduce truncation artifacts (60). If 
it is technically impossible to include the entire 
body in the fi eld of view, the patient should be po-
sitioned in such a way that any body parts of spe-
cifi c clinical concern are completely included.

Summary
Combined 18F FDG PET/CT is being used more 
frequently in the evaluation of pediatric patients 
with cancer. Many of the normal variants in chil-
dren are similar to those in adults. However, the 
normal distribution of 18F FDG uptake in children 

is unique and may differ from that in adults, such 
as the physiologic activity of the lymphatic tissue in 
the Waldeyer ring, as well as uptake in the ileocecal 
region, thymus, hematopoietic bone marrow, and 
skeletal growth centers. To appropriately interpret 
an 18F FDG PET/CT study, it is essential to be 
familiar with the normal physiologic distribution 
of 18F FDG uptake in children and to recognize 
physiologic variants, artifacts, and potential pitfalls. 
Knowing these potential causes of misinterpreta-
tion can increase accuracy in PET image inter-
pretation, decrease the number of unnecessary 
follow-up studies or procedures, and improve 
patient treatment. Misinterpretation can also be 
minimized with proper patient preparation, a com-
plete clinical history of the patient, and correlation 
with anatomic imaging. The use of combined 18F 
FDG PET/CT brings to light many pitfalls and 
normal variants by allowing the precise localization 
of functional 18F FDG PET data on conventional 
anatomic CT data.
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