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Abstract. Purpose: It has been suggested that the use of
computed tomography (CT) positive contrast agents has led
to attenuation-induced artefacts on 18F-fluorodeoxyglucose
positron emission tomography (18F-FDG PET/CT) sys-
tems. Consequently, centres may withhold the use of such
agents. Whilst there is theoretical evidence to support the
aforementioned claim, the clinical relevance of the induced
artefacts has not been widely established. Moreover, the
potential benefits of bowel enhancement on PET/CT have
yet to be formally evaluated. We therefore prospectively
examined PET/CT studies to assess whether the use of oral
contrast medium induces clinically relevant artefacts and
whether the use of these agents is diagnostically helpful.
Methods:Over a 2-month period, 18F-FDG PET/CT images
were prospectively reviewed from 200 patients following
Gastrografin administration 2 h prior to examination. Both
a radiologist and a nuclear medicine physician reviewed the
images for contrast medium-mediated clinically relevant
artefacts. Artefacts were sought on the CT attenuation-
corrected images and were compared with the appearance
on non-attenuated-corrected images. The number of exam-
inations in which the oral contrast aided image interpreta-
tion was also noted.
Results: There were no oral contrast medium-induced clin-
ically significant artefacts. In 38 of the 200 patients, oral
contrast aided image interpretation (owing to differentiation
of mass/node from bowel, discrimination of intestinal wall
from lumen or definition of the anatomy of a relevant site).
In 33 of these 38 patients, the anatomical site of interest was
the abdomen/pelvis.
Conclusion: The use of oral contrast medium in 18F-FDG
PET studies should not be withheld as it improves image
interpretation and does not produce clinically significant
artefacts.
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Introduction

Combined positron emission tomography (PET)/computed
tomography (CT) has been readily available clinically only
since 2001. PET/CT has two advantages over traditional
PET systems. First, the patients are imaged sequentially
with CT and PET on the same machine, so that the images
are inherently spatially registered. Consequently, the func-
tional data afforded by PET can be precisely localised
anatomically. The second advantage of this system is the
use of CT data for attenuation correction, which is signif-
icantly faster than in conventional PET systems.

The fusion of these two technologies has led to rec-
ognised advantages [1, 2]. Manoeuvres to improve the
performance of this combined imaging modality have led
to the use of CT contrast agents. However, it has been
claimed that the use of positive contrast agents can lead to
artefacts secondary to difficulties with CT attenuation cor-
rection of the PET examination [3–5]. As a result of these
claims, some centres have developed special algorithms to
correct for such attenuation artefacts [6]. Other centres
have developed negative oral contrast medium regimens
[7], whilst many institutions refrain from the use of oral
contrast (e.g. none of the centres in the UK have been
routinely using it) despite the potential benefits. The clin-
ical relevance of oral contrast medium-induced artefacts
has undergone only limited investigation. Moreover, the
potential clinical benefits of bowel enhancement on PET/
CT have not been widely investigated. This is surprising
since new contrast regimens are still being developed for
dedicated CT [8], where the benefits have been realised
since the late 1970s [9]. It has been suggested that in the
clinical setting, use of low concentration barium may min-
imise artefacts [4]. However, this work was performed
retrospectively and without simultaneous analysis of the
possible benefits of bowel enhancement [4]. In another
clinical investigation, this time using dilute iodine-based
oral contrast medium, there was no measurable increase in
18F-fluorodeoxyglucose (18F-FDG) standard uptake values
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(SUVs) in opacified versus non-opacified bowel [10]. As a
consequence, it was suggested that, in the clinical setting,
oral contrast medium does not cause artefacts. However,
this is contrary to the experimental evidence [3, 5]. Fur-
thermore, the study suffered from limited sample size
(n=30) and, once again, the clinical benefits were not as-
sessed [10].

Against this background, a prospective study was de-
signed to evaluate the clinical implications of artefacts
induced by oral contrast medium during 18F-FDG PET/CT
examinations. In addition, the benefits of positive bowel
enhancement were simultaneously evaluated.

Materials and methods

Images from 200 consecutive 18F-FDG PET/CT studies were
prospectively examined at the time of reporting. In 46% the primary
pathology was in the abdomen/pelvis. The anatomical sites of interest
and the primary diagnoses in the study subjects are presented in
Tables 1, 2 and 3. The primary diagnosis was based on histology in
all patients. All the studies were simultaneously viewed by two re-
porters. These consisted of one of two radiologists, whilst the other
was one of two nuclear medicine physicians. A third reader was
available where there was disagreement in image interpretation.

Oral contrast medium protocol

This protocol was prospectively designed to investigate the pos-
sibility of artefacts or diagnostic benefit. All patients, including those
with head/neck or thoracic pathologies, were given oral contrast
medium. This reflects the fact that the abdomen and pelvis are rou-
tinely examined in all our 18F-FDG PET/CT patients, unlike in many
dedicated CT examinations, where sometimes only the region of
interest is interrogated.

Patients presenting to our department were given 8 ml of Gas-
trografin (sodium amidotrizoate 100 mg/ml, meglumine amidotrizo-
ate 660 mg/ml, 370 mg I/ml, Schering Health Care, UK) in 500 ml of
water by reception staff on arrival. 350 ml was consumed 30 min
prior to 18F-FDG injection (in order to reduce the risk of oropha-
ryngeal muscle uptake). The final 150 ml was given on the exam-
ination table.

PET/CT protocol

One hour prior to the examination, 370 MBq of 18F-FDG was
injected intravenously. Using a dedicated combined GE Discovery
LS PET/CT unit (GE Advance PET scanner and the GE Light-speed
CT; MI, USA), whole-body and half-body examinations were
performed with the patient supine with the arms held above the
head (in those patients who could tolerate it). CT was performed
using the four 3.75-mm detectors, a pitch of 1.5 and a 5-mm
collimation. The CT exposure factors for all examinations were 140
kVp and 80 mA in 0.8 s. Maintaining patient position, a whole-body
PET emission scan was performed and covered an area identical to
that covered by CT (with five to six bed positions). All acquisitions
were carried out in 2D mode, consisting of emission scans of 5 min
per bed position. PET images were reconstructed using CT for
attenuation correction by employing CT maps. Transaxial emission
images of 3.9×3.9×4.25 mm (in plane matrix size 128×128) were
reconstructed using ordered subsets expectation maximisation
(OSEM) with two iterations and 28 subsets. The axial field of view
was 148.75 mm, resulting in 35 slices per bed position.

Analysis

Images were viewed on a monitor in cine mode using Xeleris
software. Attenuation- and non-attenuation-corrected images were
examined at identical intensity thresholds. Both attenuation- and
non-attenuation-corrected images were examined for the presence of
significant oral contrast medium-induced artefacts. For the purpose
of this study, we used the following definition for attenuation-cor-
rected image artefacts: “An area of increased 18F-FDG activity on the
CT attenuation-corrected image corresponding to the site of oral
contrast medium, which was absent or noticeably reduced on non-

Table 1. Summary of the primary diagnoses of the study population,
and the percentages in whom oral contrast medium was helpful

Diagnosis No. of patients % in whom OCM was helpful

Lymphoma 55 11
Lung cancer 28 11
Colorectal cancer 37 22
Oesophageal cancer 12 25
Urogenital
neoplasia

9 44

Pancreatic
carcinoma

12 67

Other indications 34 12

OCM oral contrast medium

Table 2. Anatomical site of
interest within the study
population

Site No. of patients

Head/neck 21
Thorax 72
Abdomen/
pelvis

91

Extremity 6
Whole body 10

Table 3. Number of patients in whom OCM was helpful, in relation
to the anatomical site of interest

Site Number in whom OCM was helpful (%)

Head/neck 2 (10%)a

Thorax 2 (3%)b

Abdomen/pelvis 33 (36%)
Extremity 0 (0%)
Whole bodyc 1 (10%)

OCM oral contrast medium
aAbdominal lymphadenopathy
bPelvic masses (probable coincidental finding)
cIn these studies there was no specific site of interest, e.g. the
indication was identification of an occult primary lesion or
melanoma staging

1161

European Journal of Nuclear Medicine and Molecular Imaging Vol. 32, No. 10, September 2005



attenuation-corrected images [3, 4] and which could have been
confused with an 18F-FDG-avid lesion” (Figs. 1, 2). In other words,
the artefact not only had to be identified, but also had to have a
clinical impact on the case, i.e. it had to be clinically relevant.

Careful comparison was made of the anatomical relationship of
luminal viscous and vertebral bodies and abdominal wall between
CT and PET images to minimise the effect of peristalsis.

Since beam-hardening artefacts are known to occur on CT when
the arms are positioned by the sides [12], the posture of the arms was
noted, just in case it might potentiate the induction of artefacts by oral
contrast medium. In addition, patients with their arms down, with
partial tissuing of 18F-FDG activity in the antecubital fossa, were
excluded.

Fig. 1. PET/CT images from a
patient with lung carcinoma
showing 18F-FDG uptake in
bowel containing oral contrast
medium. The uptake is slightly
higher on the attenuation-cor-
rected (arrow) than on the non-
attenuation-corrected (dashed
arrow) image. However, the
appearance should not be con-
fused as metastatic disease

Fig. 2. PET/CT images showing
18F-FDG uptake in bowel
(arrow on the attenuation-cor-
rected images and dashed arrow
on the non-attenuation-corrected
images). The uptake is present
in bowel with no oral contrast
(at the site of the arrows). It is
recognised that such uptake is
typically physiological [11],
although enterocolitis may ex-
plain the prominent uptake in
this case. It should be noted that
the uptake is no less marked at
sites with no contrast compared
to sites with oral contrast medi-
um. This is in contradiction to
unpublished suggestions that
oral contrast medium may cause
local gut inflammation
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Studies were also evaluated for the potential diagnostic benefit
gained by the use of oral contrast medium. Reporters were asked to
identify the advantage of oral contrast medium in the following
situations (Table 4):

a) Differentiation of intra-abdominal/pelvic nodes or masses from
bowel

b) Discrimination of bowel wall from lumen

c) Definition of anatomy around 18F-FDG avid foci at anatomically
difficult sites, including in patients who had undergone intestinal
diversion
In order to assess the appropriateness of both the timing and the

concentration of the oral contrast medium used in our protocol, the
distal extent and concentration of bowel contrast were estimated.

SUVs were calculated as the average of values measured in a
1-cm-diameter circular region of interest and were corrected for
patient body weight.

Results

No clinically significant oral contrast medium-induced ar-
tefact was seen in any of the images. However, some
degree of discrepancy between attenuation- and non-atten-
uation-corrected images was frequently observed. Variable
gastrointestinal uptake of 18F-FDG (SUV 1.1–4.5) was
seen in all studies.

Oral contrast was thought diagnostically helpful in 38
(19%) patients. In all these cases it helped to anatomically
localise foci of abnormal FDG activity (Figs. 3, 4). The
types of benefit included differentiation of a node/mass
from adjacent bowel, discrimination of bowel wall from
lumen and improved delineation of anatomy at the site of
interest, e.g. in the region of the pancreatic bed and in

Table 4. Types of benefit deriving from the use of OCM in the study
population

Type of benefit No. of patients

Differentiation of nodes/masses from bowel 22
Para-aortic/mesenteric nodes/mass 14
Peritoneal deposits 3
Pelvic mass/nodes 5
Discrimination of bowel wall from lumen,
facilitating tumour identification

2

Definition of difficult anatomy at relevant site 14
Gastro-oesophageal region 3
Transpyloric plane 8a

Postoperative bowel 3

OCM oral contrast medium
aIn three of these cases there was a mass close to a pancreatic stent

Fig. 3. Axial PET/CT at the level of the head of the pancreas in a
patient with known pancreatic carcinoma, illustrating the anatomical
advantage gained by the use of oral contrast medium. On the CT
image, the soft tissue attenuation (density) pancreatic head is
identified by the white dashed arrow. A stent is seen in the head of
the pancreas (white arrowhead). The pancreatic head is defined

separately from the higher attenuation duodenum (because of the
oral contrast medium) posterolaterally (white solid arrow). On the
attenuation-corrected PET image a focus of FDG activity is seen in
the region of the pancreatic bed (black dashed arrow). This focus is
centred on the pancreatic head when viewed on the fusion image
(black solid arrow). Without the use of bowel opacification it would
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patients with surgical diversion, sub-diaphragmatic lym-
phoma, oesophageal carcinoma or peritoneal spread of
ovarian carcinoma (Table 4). In six patients the use of oral
contrast helped differentiate primary tumours (all pancre-
atic) from bowel (usually duodenum, as shown in Fig. 3).
In two patients the contrast helped to differentiate what
appeared to be unsuspected additional pathology from
bowel, e.g. in a patient with lung cancer an FDG-avid pel-
vic mass was differentiated from adjacent loops of small
bowel. In the other 30 patients the abnormal FDG foci were
identified in abdominal lymph nodes or intraperitoneal
deposits appeared to represent metastases. These structures
were distinguished from adjacent bowel due to the pres-
ence of positive contrast medium in the intestine (Fig. 4). In
33 of the 38 patients, the primary site of interest was the
abdomen/pelvis. In the other five patients, two studies were
performed for the thorax and two for the head and neck. In
the other case there was no specific site of interest as the
indication was to identify an occult primary lesion
(Table 3). Of the 91 patients in whom the primary site of
interest was the abdomen/pelvis, 36% benefited from oral
contrast medium (Table 3). The number of patients in
whom Gastrografin administration assisted in the primary
diagnosis is shown in Table 1.

The concentration of oral contrast was too dilute (en-
hanced bowel could not be confidently differentiated from
non-enhanced bowel) in eight patients. The contrast me-
dium reached the mid-small bowel in all patients and
extended to the colon in 42 (21%).

Finally, there was no inter-observer variation and no
studies were read by the third reader. There were no tissued
injections in the “arms down” position.

Discussion

Our study shows that, using our protocol, no oral contrast
medium-induced artefacts were identified that could have
been confused clinically with disease in any of the 200
patients. In fact, use of oral contrast medium improved the
diagnosis in nearly a fifth of studies. Accordingly, the use
of oral positive contrast medium should be encouraged, not
withheld.

Although there was no evidence of clinically significant
oral contrast medium-induced artefacts, there were regular
examples where oral contrast in bowel had a higher 18F-
FDG uptake on attenuation-corrected images than on non-
attenuation-corrected images (Fig. 1). This would tend to
support the findings of previous investigators [4]. Howev-
er, as Fig. 1 shows, this type of increased uptake should not
confuse a reader (of any experience) into reporting the
presence of 18F-FDG-avid disease. Increased 18F-FDG ac-
tivity was seen regularly in the bowel containing Gastro-
grafin. The presence of such activity in the bowel is well
recognised as physiological [11], and the intensity of 18F-
FDG uptake was shown to be similar on attenuation- and
non-attenuation-corrected images, thus confirming the lack
of attenuation-induced artefact (Fig. 2). Our study design

Fig. 4. Axial PET/CT of the
pelvis in a patient with lym-
phoma. The CT image shows
loops of opacified small bowel
(black arrow) separated from
adjacent soft tissue masses
(white arrow). The PET images
show two foci of increased FDG
activity (black dashed arrows).
The fused images demonstrate
that the foci of FDG activity
(white dashed arrows) are
centred in the non-opacified soft
tissue masses. Use of oral con-
trast medium increased the di-
agnostic certainty that the foci
represent nodal disease rather
than bowel activity
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would have benefited from a control group, so that each
patient would have had a set of non-contrast-enhanced
images and a set of contrast-enhanced ones. However, it
would be ethically and practically difficult to perform two
CT studies on each patient.

The theoretical basis for contrast medium-induced arte-
fact is the attenuation correction mechanism for the PET
images. To correct for the differing energies and therefore
different attenuation of PET and CT photons, most systems
use a simple segmentation and scaling algorithm [13]. In
this methodology, data are segmented into bone and non-
bone components, with different scaling of attenuation of
these two components used to correct the attenuation at CT
energies to those at PET energies. This method, which as-
sumes a constant ratio of attenuation at PET and CT ener-
gies for the bone and non-bone components, works well
with non-contrast CTstudies [14]. In studies where contrast
agents are used, the attenuation of the agent is considerab-
ly different than soft tissue at CT energies, whereas at
PET energies, there is practically no difference in atten-
uation [15]. This results in a ratio of attenuation at the
two energies that fits neither the bone nor the non-bone
model. The result is seen as an overestimation of atten-
uation at 511-keV energies in areas of contrast accumu-
lation, and therefore an overestimation of the emission
activity. For quantitative purposes, the resulting increase
in SUV has been found to be less than the known re-
producibility error from such measurements [15].

In our study, the choice of oral contrast medium con-
centration appears to have been appropriate, as there was a
paucity of artefacts with only a few studies where contrast
appeared too dilute. As far as choice of bowel-enhancing
agent is concerned, the iodine-based compound had the
desired effect: there was no evidence that it induced
clinically relevant artefacts, whilst it was of diagnostic
benefit in many studies. Barium-based compounds, so
long as they are diluted, appear to be similarly appro-
priate [4]. The timing of administration of oral contrast
medium used in our study also appeared correct, since
contrast medium extended into the mid small intestine in
all patients and entered the colon in 22% of individuals.
Perhaps we could have achieved better distal bowel en-
hancement by increasing the volume of contrast used.

The use of oral contrast medium in dedicated CT has
been developed since the late 1970s [8]. A similar evo-
lution can be expected in PET/CT. For example, in our
study oral contrast medium was only given on the day of
examination. In the future, it may be worth investigating
the use of earlier administration of contrast agents in pa-
tients with colonic disease, so as to improve large bowel
visualisation in keeping with stand-alone CT examinations
[16]. Our study clearly showed the use of oral contrast
medium to be beneficial in a third of patients in whom the
site of disease was the abdomen/pelvis. Given the lack of
significant artefacts, there is no reason to withhold oral
contrast in these patients. In our study, and partially in
keeping with recognised CTexperience, the benefits of oral
contrast medium were most marked in those patients with

pancreatic carcinoma, sub-diaphragmatic lymphoma, oe-
sophageal carcinoma with disease in the gastrohepatic
ligament/gastro-oesophageal region, or peritoneal spread
of ovarian carcinoma [8, 17–19]. The benefit of oral con-
trast medium in the region of the pancreatic bed was par-
ticularly helpful. This is an anatomically busy region with
close relationships of the duodenum with the pancreatic
head/body, superior mesenteric vessels, para-aortic lymph
nodes and left renal vein. Thus opacification of the duo-
denum (as well as other segments of nearby small intestine)
can help distinguish bowel loops from these important ad-
jacent structures (Table 4, Figs. 3, 4). In patients in whom
the site of suspected disease was not in the abdomen, the
benefit of oral contrast medium was limited, and thus its
use may not be justified in such cases. This may be es-
pecially true for head and neck malignancy, where not only
is abdominal disease unlikely but there is the potential for
use of oral contrast medium to cause increased cervical
muscle uptake [4].

Conclusion

1. The use of oral contrast medium in 18F-FDG PET/CT
scanning improves image interpretation and does not
produce clinically significant artefacts.

2. Maximum benefit from oral contrast medium use is
noted where the anatomical site of interest is the ab-
domen/pelvis; thus its use in such patients should be
strongly encouraged and not withheld.

3. If disease is suspected outside the peritoneal cavity,
the use of oral contrast medium should probably be
restricted.
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