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While PET shows much promise in improving target delineation in radiotherapy 
planning, there are some pitfalls which must be acknowledged before adopting 
wholescale implementation.

State-of-the-art PET/CT scanners are recommended for radiotherapy planning. 
A bore size of 70 cm (accommodates RT immobilization devices and large patients) 
is preferred. An integrated CT scanner with flat couch and contrast facilities would 
permit the use of CT component of the PET for RT planning.

There are several artefacts (Table 5.1) encountered in PET/CT imaging which 
can mimic FDG-avid malignant lesions, and therefore recognition of these artefacts 
is clinically relevant and has implications when SUV is used to derive region of 
interest used for planning.

CT imaging with intravenous contrast, as a component of the exam, can cause 
challenges as it mimics intense FDG uptake [1, 2]. A simple solution to resolving 
the uncertainty is to inspect the non-attenuated correction PET images or to perform 
a low-dose non-contrast CT prior to contrast administration.

Metallic objects such as dental fillings [3], orthopedic devices, and fiducial 
markers can demonstrate falsely elevated tracer uptake. The high CT number of 
metal can result in overestimation of the SUV.
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In addition, there are many nonmalignant processes which can mimic tumor on 
PET such as inflammation around a stent [4], benign inflammation of an organ such 
as prostatitis [5] (see Fig. 5.1), and postsurgical changes.

The field of view of a standard CT is 50 cm, whereas PET imagers can detect a 
field around 70 cm wide. This leads to truncation, a lack of ability to correct the 
lateral aspects of the PET for CT attenuation. This can artefactually reduce SUV.

In areas where there is a large change in attenuation over a small distance, 
potentially artefactual uptake can be seen with small errors in fusion. This can be 
reduced by scanning in a radiotherapy immobilization device and/or laser align-
ment. Reports on 3D displacements between CT and PET indicate a displacement 
error of 0.5 mm [6].

Respiratory motion remains the main challenge for RT planning of lung [7] and 
upper GI tract [8] malignancies. The misalignment between scans is most noticeable 
at the left lung and in the bases [6, 9, 10] and upper abdomen (hepatic area) [11].

In addition to image registration mismatch, respiratory motion can lead to a decrease 
of FDG concentration in (lung) tumors [12]. Erdi et al. describes lesion displacements 
of 6.4–24.7 mm when 4DCT was registered with PET which correlates with a decrease 
in tumor SUV of 6–24% between the extremes of the respiratory cycle [13].

Table 5.1  Examples of artefact in PET/CT

PET-based errors Errors from CT-based attenuation
Calibration problems CT artefacts
Detector failures Non-biological objects in patientsa

Resolution and partial volume effectsa Respiratory mismatch between PET and CT imagesa

Patient motiona Patient motiona

Non-malignant FDG aviditya

aArtifacts that can cause specific problems for RT planning

Fig. 5.1  Nonmalignant 
choline PET uptake in the 
prostate around fiducial 
markers
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Different strategies to reduce respiratory motion artifacts have been proposed 
including breathing coaching; exhale breathold has been suggested to be the best option 
as this is reproducible and permits a reduction of breathing artifacts up to 28% when 
compared with free-breathing scans [14]. Deep inspiratory breathold was proposed by 
Nehmeh et al. [15]. These techniques are all dependent on patient compliance.

4D PET/CT is discussed in Chap. 7.
Knowledge of potential sources of artefacts and awareness of the potential advan-

tages and disadvantages of intervention has the potential to produce better quality 
PET/CT images that may improve the target volume delineation for PET guided RT.

Key Points

•	 State-of-the-art PET/CT scanners are recommended for radiotherapy 
planning.

•	 A bore size of 70 cm (accommodates RT immobilization devices and large 
patients) is preferred.

•	 An integrated CT scanner with flat couch and contrast facilities would per-
mit the use of CT component of the PET for RT planning.

•	 There are several artefacts encountered in PET/CT imaging which can 
mimic FDG-avid malignant lesions, and therefore recognition of these 
artefacts is clinically relevant and has implications when SUV is used to 
derive region of interest used for planning.

•	 CT imaging with intravenous contrast, as a component of the exam, can 
cause challenges as it mimics intense FDG uptake. A simple solution to 
resolving the uncertainty is to (a) inspect the non-attenuated correction 
PET images or (b) to perform a low-dose non-contrast CT prior to contrast 
administration.

•	 Metallic objects such as dental fillings, orthopedic devices, and fiducial 
markers can demonstrate falsely elevated tracer uptake (high CT number 
of metal can result in overestimation of the SUV).

•	 The field of view of a standard CT is 50 cm, whereas PET imagers can 
detect a field around 70 cm wide. This leads to truncation, a lack of ability 
to correct the lateral aspects of the PET for CT attenuation. This can arti-
factually reduce SUV.

•	 Respiratory motion remains the main challenge for RT planning of lung and 
upper GI tract malignancies. The misalignment between scans is most 
noticeable at the left lung and in the bases and upper abdomen (hepatic area).

•	 Knowledge of potential sources of artifacts, advantages, and limitations of 
intervention can lead to better quality PET/CT images that may improve 
the target volume delineation for PET guided RT.

5  Sources of Artefacts: Consequences and Solutions

http://dx.doi.org/10.1007/978-3-319-54744-2_7


32

References

	 1.	Antoch G, Freudenberg LS, Egelhof T, Stattaus J, Jentzen W, Debatin JF, et al. Focal tracer 
uptake: a potential artifact in contrast-enhanced dual-modality PET/CT scans. J Nucl Med. 
2002;43(10):1339–42.

	 2.	Yau YY, Chan WS, Tam YM, Vernon P, Wong S, Coel M, et al. Application of intravenous 
contrast in PET/CT: does it really introduce significant attenuation correction error? Journal of 
nuclear medicine: official publication. J Nucl Med. 2005;46(2):283–91.

	 3.	Goerres GW, Hany TF, Kamel E, von Schulthess GK, Buck A. Head and neck imaging with 
PET and PET/CT: artefacts from dental metallic implants. Eur J  Nucl Med Mol Imaging. 
2002;29(3):367–70.

	 4.	Wilson JM, Partridge M, Hawkins M. The application of functional imaging techniques to 
personalise chemoradiotherapy in upper gastrointestinal malignancies. Clin Oncol (R Coll 
Radiol). 2014;26(9):581–96.

	 5.	Schwarzenbock S, Souvatzoglou M, Krause BJ. Choline PET and PET/CT in primary diagno-
sis and staging of prostate cancer. Theranostics. 2012;2(3):318–30.

	 6.	Weigert M, Pietrzyk U, Muller S, Palm C, Beyer T. Whole-body PET/CT imaging: combining 
software- and hardware-based co-registration. Zeitschrift fur medizinische Physik. 
2008;18(1):59–66.

	 7.	Goerres GW, Kamel E, Seifert B, Burger C, Buck A, Hany TF, et al. Accuracy of image coreg-
istration of pulmonary lesions in patients with non-small cell lung cancer using an integrated 
PET/CT system. J Nucl Med. 2002;43(11):1469–75.

	 8.	Nakamoto Y, Tatsumi M, Cohade C, Osman M, Marshall LT, Wahl RL. Accuracy of image 
fusion of normal upper abdominal organs visualized with PET/CT.  Eur J  Nucl Med Mol 
Imaging. 2003;30(4):597–602.

	 9.	Cohade C, Osman M, Marshall LN, Wahl RN. PET/CT: accuracy of PET and CT spatial reg-
istration of lung lesions. Eur J Nucl Med Mol Imaging. 2003;30(5):721–6.

	10.	Goerres GW, Kamel E, Heidelberg TN, Schwitter MR, Burger C, von Schulthess GK. PET/CT 
image co-registration in the thorax: influence of respiration. Eur J Nucl Med Mol Imaging. 
2002;29(3):351–60.

	11.	Osman MM, Cohade C, Nakamoto Y, Marshall LT, Leal JP, Wahl RL. Clinically significant 
inaccurate localization of lesions with PET/CT: frequency in 300 patients. J  Nucl Med. 
2003;44(2):240–3.

	12.	Goerres GW, Burger C, Kamel E, Seifert B, Kaim AH, Buck A, et al. Respiration-induced 
attenuation artifact at PET/CT: technical considerations. Radiology. 2003;226(3):906–10.

	13.	Erdi YE, Nehmeh SA, Pan T, Pevsner A, Rosenzweig KE, Mageras G, et al. The CT motion 
quantitation of lung lesions and its impact on PET-measured SUVs. J  Nucl Med. 
2004;45(8):1287–92.

	14.	de Juan R, Seifert B, Berthold T, von Schulthess GK, Goerres GW. Clinical evaluation of a 
breathing protocol for PET/CT. Eur Radiol. 2004;14(6):1118–23.

	15.	Nehmeh SA, Erdi YE, Meirelles GS, Squire O, Larson SM, Humm JL, et al. Deep-inspiration 
breath-hold PET/CT of the thorax. J Nucl Med. 2007;48(1):22–6.

A. Tree and M. Hawkins


	5: Sources of Artefacts: Consequences and Solutions
	References


