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 As the number of clinical positron emission 
tomography (PET) units is increasing, interpreta-
tion of PET images requires knowledge of the 
possible pitfalls that may occur because of arti-
facts and mimic pathology. In addition, the advent 
of combined PET/computed tomography (CT) 
scanners in clinical imaging practice has brought 
its own speci fi c pitfalls and artifacts. These arti-
facts may be caused by various factors such as 
injection, attenuation material, image reconstruc-
tion, contamination, patient movements, and 
pathologic variants. Knowledge of the normal 
distribution of  fl uorodeoxyglucose (FDG) and its 
pathologic variation is essential before interpret-
ing PET scans as well as an awareness of poten-
tial false positive and negative cases that can 
occur. With attention to detail in the preparation 

of patients, together with appropriate imaging 
protocols and experience in interpretation, many 
pitfalls can be avoided. 

   Normal Whole-Body FDG Distribution 

 On whole-body PET performed between 1 and 
2 h following intravenous administration of FDG, 
the brain, heart, and urinary tract are the most 
prominent sites of tracer accumulation (Fig.  9.1 ).  

 In the brain, there is high uptake in the cortex 
and basal ganglia irrespective of different sub-
strates as glucose is the predominate substrate for 
brain metabolism. The liver and spleen are asso-
ciated with slightly higher FDG activity than 
blood pool levels and are reliably identi fi ed in the 
abdomen, as are the kidneys. Some lymphoid tis-
sue is normally quite active, including the tissues 
of Waldeyer’s ring where the tonsils can show 
moderate uptake, and that is usually symmetrical. 
Salivary glands also show low to moderate sym-
metrical uptake. Thymic activity is commonly 
seen in children and can also be seen in adoles-
cents and young adults after chemotherapy as a 
result of thymic rebound phenomenon  [  1  ] . 
Cardiac activity is variable and depends to some 
extent on substrate availability such as fatty acids 
and glucose. Glandular tissue of the breast is 
associated with low-level uptake in younger 
woman. Bone marrow is normally associated 
with modest FDG uptake, roughly equivalent to 
liver. The bowel is seen to varying degrees, as is 
the stomach because of widely variable levels of 
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FDG uptake in the alimentary tract. Marrow is 
commonly identi fi ed in the vertebral bodies, pel-
vis, hips, proximal long bones, and the sternum. 
The level of FDG uptake in children is higher in 
bone marrows than in adults. Uptake of FDG into 
active, non-rested muscle is a potential cause of 
misinterpretation of FDG PET scans although 
with combined PET/CT, this is less likely. 
Activities such as talking can lead to muscle 
uptake in the neck and larynx. Asymmetric uptake 
can be seen in laryngeal muscles in patients with 
vocal code palsies  [  2  ] . In premenopausal women, 
FDG uptake of cyclical ovarian and uterine has 
been described  [  3  ] . Activity of uterine cavity is 
seen at mid cycle and during menses and ovarian 
activity can be seen at mid cycle. 

 Brown adipose tissue (BAT) expresses a 
unique mitochondrial uncoupling protein that 
permits direct heat generation from fatty acid 
oxidation in response to cold exposure, ingestion 
of food, or increased sympathetic activity. This 
process requires an increased supply of adenos-
ine triphosphate (ATP),    which in turn is provided 
by an increase in glycolytic metabolism. It is 
recognized that intense increased FDG activity 
can localize to adipose tissue in the neck, supra-
clavicular regions, axillae, paravertebral loca-
tions at the thoracic spine, mediastinum, and 
occasionally subdiaphragmatic and perinephric 
fat (Fig.  9.2 ). This phenomenon is seen more 
often in young patients, females, and slender 
patients  [  4  ] .   

  Fig. 9.2    Brown adipose tissue (BAT) FDG uptake. 
Anterior MIP image of 9-y-old boy. Intense FDG activity 
is present symmetrically at the base of neck, upper medi-
astinum, supraclavicular regions, axillae, paravertebral 
locations at the thoracic spine       

  Fig. 9.1    48-y-old, female. Normal distribution of FDG 
1 h following intravenous tracer administration. 
Attenuation-corrected anterior maximum intensity pro-
jection (MIP) image. Intense tracer activity in the brain 
and bladder. In the neck, palatine tonsil lymphoid tissue 
tracer activity ( small arrow ) is seen. Inferior to the heart is 
low-level gastric tracer activity ( arrowhead ) and the out-
lines of the liver, spleen, and kidneys are discernable. In 
premenopausal women cyclical right ovarian uptake of 
FDG is seen in pelvis ( large arrow )       
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   Artifacts in FDG PET and PET/CT 

 Injection-related artifacts may interfere with 
image interpretation (Fig.  9.3 ). A partly in fi ltrated 
injection causes a reconstruction artifact across 
the trunk. It also results in inaccuracy of the stan-
dard uptake value (SUV). If the injection leak on 
FDG PET images is demonstrated, the SUV 
derived from these images should be carefully 
evaluated. Following the subcutaneous extrava-
sations of FDG solution, the tracer may  fl ow into 
the lymphatic channel and may be trapped in 
local lymph nodes  [  5  ] . It mimics an abnormal 
FDG uptake in the lymph node metastases. The 
tracer should be administered on the opposite site 
to the known lesion. Increased levels of insulin in 
the peri-injection period cause extracardiac 
uptake in diabetic patients or patients who did not 
fast  [  6  ] .  

 On PET/CT scanners, the emission data can 
be corrected for photon attenuation using the CT 
scan to generate an attenuation map. Doing so 
confers the following advantages: there is less 
statistical noise from the CT compared with ger-
manium 68 ( 68 Ge) transmission data on stand-
alone PET scanners; the scanning time for CT is 
much shorter then for radionuclide imaging, thus 
reducing overall scanning time by 15–20 min; 
and the need for PET transmission hardware and 
the cost of replacing germanium source rods are 
eliminated  [  7  ] . 

 There is a potential risk of overestimating the 
true FDG activity with CT-based attenuation cor-
rection. When the CT images are used to perform 
attenuation correction of the PET projection data, 
dense objects can cause apparent hot spot arti-
facts on the PET, as well as beam hardening arti-
fact on CT images. Metallic prosthetic implants 
and high-density medical devices such as dental 
 fi llings, hip prosthetics, surgical clips, metallic 
stents, drainage tubes, or chemotherapy ports 
cause high CT numbers and generate streaking 
artifacts on CT images because of their high pho-
ton absorption  [  8,  9  ] . This increase in CT num-
bers results in high PET attenuation coef fi cients, 

which lead to an overestimation of the PET activ-
ity in that lesion and thereby to false-positive 
PET imaging (Figs.  9.4 ,  9.5 ,  9.6 , and  9.7 ).     

  Fig. 9.3    Anterior MIP image of a patient with retroperi-
toneal tumor ( small arrow ). Note increased uptake in 
nephrostomy tube ( large arrow ). Subcutaneous extravasa-
tion and super fi cial contamination of FDG solution are 
seen in left forearm ( arrowhead )       
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 Intravenous or oral agents such as iodine and 
barium sulfate are administered to improve the 
quality of CT images by delineating vessels and 
soft tissues  [  10  ] . High contrast concentration 
results in high CT numbers and streaking arti-
facts on CT images. Therefore, contrast media 
also can cause an overestimation of tracer uptake 
and produce false-positive PET results similar to 
metallic implants (Fig.  9.8 ).  

 Such artifacts can be recognized by review of 
the non-attenuation-corrected  fi ltered back pro-
jection PET images (Fig.  9.9 ). It is important to 
verify attenuation-corrected images against non-

attenuation corrected images to avoid false-posi-
tive results. Regarding the image reconstruction, 
attenuation correction is essentially needed to obtain 
the quantitative image data such as the SUV.  

 Present statistical image reconstruction algo-
rithms can yield focal apparent increased activity 
from movement artifacts or generalized noise. 
Transaxial attenuation-corrected images gener-
ated using ordered-subset expectation maximiza-
tion reconstruction method with three interactions 
and eight subsets show multiple tiny apparent 
foci of increased FDG activity in the liver of a 
large patient. It is advisable to have non-attenua-

  Fig. 9.4    Artifacts because of metallic dental  fi llings ( arrowhead ) and hip prosthetics ( arrows ). PET scan shows appar-
ent increased activity in oral cavity and right hip joint       
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tion-corrected  fi ltered back projection images for 
con fi rmation of such suspect abnormalities. 

 Urinary contamination is sometimes observed 
on FDG PET images. Because urinary contami-
nation is usually super fi cial activity on the skin or 
clothes, it is easily recognized as artifact. 

 Patient movements degrade the image quality 
of FDG PET. Whole-body FDG PET imaging 
can lead to an unusual appearance if the patient 
moves between the bed scan positions, with the 
upper part of an arm, for example, being visible 
in the higher scanning positions but absent or 
“amputated” lower down when moved out of the 
 fi eld of view for lower scanning positions 
(Fig.  9.10 ).  

 Respiratory motion during scanning causes 
artifact in PET/CT imaging. The artifact is caused 
by the discrepancy between the chest position on 
the CT image and the chest position on the PET 

image. Each bed position of the PET scan may 
take 2–5 min to acquire during free breathing and 
resulting in images representing an average posi-
tion of respiratory cycle. This may lead to mis-
registration of lung nodules by 15 mm  [  11  ] . 
Difference between the PET and CT acquisitions 
may be maximal at the level of the diaphragm 
which may lead to artifacts, the most common 
being an apparent area of reduced activity at the 
diaphragmatic surface when the CT data are used 
for attenuation correction. Additionally, this can 
lead to apparent mispositioning of liver metasta-
ses into the lung base (Figs.  9.11  and  9.12 ).   

 Motion artifacts lead to two major effects: 
First, it affects the accuracy of quanti fi cation, pro-
ducing a reduction of the measured SUV. Second, 
the apparent lesion volume is overestimated. 
Respiratory gating by applying a multiple-frame 
capture technique, with which PET data are 

  Fig. 9.5    55-y-old man who underwent resection for rec-
tal cancer. Transaxial PET image through pelvis reveals 
focus of increased tracer uptake in rectum ( arrow ), sug-

gestive of local recurrence. Corresponding CT scan shows 
surgical clip in place ( white arrow )       
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acquired in synchronization with the respiratory 
motion, compensates for these effects. 

 A number of benign diseases may cause 
signi fi cant uptake of FDG that may simulate 
malignant lesion. In the chest, active tuberculo-
sis, sarcoidosis, and histoplasmosis have been 
reported as showing increased FDG uptake 

(Fig.  9.13 )  [  12  ] . These disorders may lead to 
FDG uptake (SUV) in the borderline or low-
malignant range. In fl ammation in any tissue may 
cause increased FDG uptake. Common sites of 
in fl ammatory activity are surgical or radiothera-
peutic areas (Fig.  9.14 ), and the activities may 
last for several weeks after therapy.        

  Fig. 9.6    73-y-old woman with extrahepatic bile duct 
cancer. Transaxial PET image reveals focus of increased 
tracer uptake in liver ( arrows ), suggestive of tumor inva-

sion. Corresponding CT scan shows bile duct tube in place 
( arrowheads )       
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  Fig. 9.7    76-y-old man after gastorectomy and pancre-
atoduodenectomy for gastric cancer and pancreatic can-
cer. Transaxial PET image reveals focus of increased 
tracer uptake in residual stomach and pancreas ( arrows ), 

suggestive of recurrence. Corresponding CT scan shows 
surgical clip in the stomach and pancreatic duct tube 
( white arrow )       
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  Fig. 9.8    Focal nodal uptake is seen in the right neck on 
FDG PET ( arrow ). It apparently seems to be lymph node 
metastasis although CT scan shows intravenous contrast 

medium in right common carotid artery and internal jugu-
lar vein ( white arrow ) at the site       
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  Fig. 9.9    High-density metallic implants generate streak-
ing artifacts and high CT numbers on CT image. High CT 
numbers will then to be mapped to high PET attenuation 

coef fi cients, leading to overestimation of activity concen-
tration ( arrows ). PET images without attenuation correc-
tion help to rule out metal induced artifacts       
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  Fig. 9.10    FDG PET MIP image shows an unusual 
appearance with discontinuous activity in the right fore-
arm ( arrows ) as a result of patient’s movements between 
bed scan positions       

  Fig. 9.11    55-y-old woman with liver metastasis of colon 
cancer. Lesion at dome of liver ( arrow ) is mislocalized to 
right lung base ( arrowhead ) because of respiratory mis-
match on PET images with CT attenuation correction       
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  Fig. 9.12    46-y-old woman with peritoneal dissemination 
of ovary cancer. Lesion at dome of liver ( arrow ) is mislo-
calized to right lung ( arrowhead ) because of respiratory 
motion       
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  Fig. 9.13    Patterns of FDG PET in sarcoidosis. Increased FDG uptake involving enlarged lymph nodes in the bilateral 
mediastinum and pulmonary hila       
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  Fig. 9.14    Patient with previous radiotherapy to the right 
arm for malignant  fi brous histiocytoma. MIP image of 
FDG PET shows increased uptake at the right arm 
( arrows ). This abnormal uptake is a result of postradio-
therapy in fl ammation       
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