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Abstract: The literature on positron emission tomography and computed tomography using #fluoro-deoxyglusose
(FDG-PET/CT) in the diagnosis of pediatric inflammatory bowel disease (IBD) is presented. Only five papers repre-
senting independent studies were identified and included in this review. Of these, two studies dealt with both stand-
alone FDG-PET and FDG-PET/CT, while three were about stand-alone FDG-PET only. No studies could be found that
focused on FDG-PET/CT only. The five studies comprised analysis of a total 181 pediatric patients (0-18 years of
age). They unanimously indicated that FDG-PET/CT is a versatile method with a diagnostic high sensitivity ranging
from 70% to 97%. In conclusion, the pediatric literature on FGD-PET/CT’s role in the diagnosis of IBD is very limited.
Prospective studies of well characterized populations are needed in order to validate this novel imaging modality in
pediatric IBD.
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Introduction

Inflammatory bowel disease (IBD) is a disease
entity primarily comprising Crohn’s disease
(CD) and ulcerative colitis (UC). CD and UC are
conditions with both acute and chronic inflam-
mation in the gastrointestinal tract. In UC,
inflammation is restricted to the colon, where-
as CD can be found from the oral cavity to the
anus. IBD as a whole constitutes a diagnostic
and therapeutic challenge especially in children
and adolescents, not only at initial disease pre-
sentation, but also during suspected disease
flares. Compared to IBD in adults, children
often display more extensive disease at initial
presentation and in the majority of children UC
presents with a pancolitis [1, 2]. At present,
invasive endoscopic procedures are required to
ascertain the specific IBD subtype and to evalu-
ate disease extension, and in the pediatric and
adolescent population this frequently requires
general anesthesia. Thus, non-invasive alterna-
tives are in high demand. Positron emission
tomography using the radioactive glucose ana-
logue *®fluoro-deoxyglusose (FDG-PET) has

been available for decades and studies have
found it to be useful in the diagnostic workup in
pediatric patients with suspected IBD [3-5].
However, the invention of combined positron
emission tomography and computed tomogra-
phy (FDG-PET/CT) has allowed a more precise
evaluation of disease extent and the involve-
ment of the gut wall, which could be important
in diagnosing the specific IBD subtype [6]. There
has been an increasing awareness of the poten-
tial benefit of PET/CT in the diagnostic workup
and follow up in adult patients with IBD [7-12].
Despite the promising results in adults, only few
original pediatric papers have been published.
The purpose of this mini-review was to present
the results of the existing limited literature on
this subject.

FDG-PET/CT in inflammatory bowel disease

PET/CT is a non-invasive imaging modality com-
bining metabolic assessment of pathophysio-
logic processes with morphologic correlation.
The most common tracer is FDG, a glucose ana-
logue taken up by cells proportional to their
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Figure 1. An example of FDG-PET/CT in pediatric IBD. This figure shows an FDG-PET/CT scan done at our clinic of
a 3 year old girl with Crohn’s disease to assess the possibility of surgical intervention. The displayed images are
maximum intensity projection (left column), fused transaxial images (middle column), and fused coronal images
(right column). Images show intensely increased FDG uptake in the recto-sigmoid and the descending colon (solid
arrows), and in the cecum and ascending colon (dotted arrow), but no pathologic uptake in the small bowel, stom-
ach, or esophagus. Note the intense, diffuse FDG uptake in the bone marrow consistent with the reactive response
of the bone marrow to systemic inflammation. The patient was subsequently considered candidate for therapeutic

colectomy.

metabolic activity. It is widely used in cancer
imaging because of the inherently high glyco-
lytic activity of most malignant cells providing
the basis for a sensitive whole-body scan for
staging, assessment of treatment response,
and detection of recurrences [13]. The ratio-
nale for employing this modality in IBD is an
increasing recognition that inflammatory cells
display similar hypermetabolic features due to
an up-regulation of glucose transporters to
meet the increased metabolic demands in the
inflamed state. This knowledge has prompted
an increasing interest in recent years to employ
FDG-PET/CT in inflammatory diseases because
it offers a sensitive whole-body survey espe-
cially suited for mapping the frequent systemic
manifestations seen in this category of diseas-
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es. This is also true for IBD, as FDG-PET/CT is
the only modality available allowing both func-
tional and morphological visualization of the
whole gastrointestinal tract as well as detec-
tion of extra-intestinal areas of inflammation
[14].

Pediatric IBD

The use of FDG-PET/CT in patients with IBD has
mainly been described in adult patients, in
whom it has been shown to be a reliable and
non-invasive way to visualize the gastrointesti-
nal tract, but its role in the diagnosis of IBD is
yet to be established. Figure 1 presents an
example of an FDG-PET/CT scan done in a pedi-
atric patient with CD.
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Table 1. Overview of included articles

Author Year n  Study design Modality studied Reference examination Sensitivity/specificity (%)
Skehanetal. 1999 25 Retro-spective FDG-PET Colonoscopy and/or SBFT 81/85*
Lembergetal. 2005 65 Pro-spective FDG-PET Colonoscopy and SBFT PET vs colonoscopy: 86/50
PET vs. SBFT: 59/100*
Loffler et al. 2006 23 Retro-spective FDG-PET Colonoscopy and/or ultrasound 98/682
Dabritz et al. 2011 45 Retro-spective FDG-PET (xCT) Colonoscopy, ultrasound and gastroscopy 97/100*
82/972
Berthold etal. 2013 23 Retro-spective FDG-PET (xCT) Colonoscopy, MRI and gastroscopy Stomach & duodenum: 25/1002

Remaining bowel: 73/892

Per-patient sensitivity and specificity. 2Per-segment sensitivity and specificity.

In a recent review, the pooled per segment
diagnostic sensitivity/specificity in adults was
85%/87% [6]. In the pediatric setting, literature
on FDG-PET and FDG-PET/CT is sparse. We
have found three studies on stand alone FDG-
PET in IBD and two studies describing the utility
of both FDG-PET and FDG-PET/CT in the diag-
nosis of IBD. These will be presented chrono-
logically below and are summarized in Table 1.

The first paper appeared in 1999 and was a ret-
rospective study by Skehan et al. including 25
patients between 7 and 18 years of age with
suspected IBD [3]. Within 14 days of their refer-
ence examination (small bowel follow through
(SBFT) or colonoscopy with biopsies), an FDG-
PET scan was performed. A dosage of 1.85
MBq/kg was given 1 h prior to FDG-PET scan.
The FDG uptake in the gut was compared to the
uptake of the spine. FDG uptake greater than
that of the spine was considered pathological.
Compared to the reference standard, PET
showed a per-patient sensitivity and specificity
of 81% and 85%, respectively. In 16 patients
who in addition had a colonoscopy, the ileum
was not reached in 10 and in eight of these,
FDG-PET scans showed signs of inflammation
in the colon proximal of the endoscopically visu-
alized area. The authors concluded that FDG-
PET was a useful technique for the diagnosis of
IBD and could be used as an adjunct diagnostic
tool.

In 2005, Lemberg et al. [5] published the only,
prospective study to date addressing this sub-
ject. They included 55 pediatric patients with
known IBD and 10 patients with recurrent
abdominal pain. Colonoscopy with biopsies
and/or a SBFT served as reference. The mean
time interval from the reference examination to
the FDG-PET scan was 30 days (range 1-62).
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The FDG dose used was 3.7 MBq/kg given 45
min prior to the PET scan. The FDG uptake in
the gut was compared to the uptake of the
spine. FDG uptake greater than that of the
spine was considered pathological. FDG-PET
exhibited a per-patient sensitivity with regards
to the presence of UC, CD, and recurrent
abdominal pain, of 76%, 82%, and 100%,
respectively. The specificity of FDG-PET versus
SBFT was 100%, versus colonoscopy it was
50% for CD and 81% and for UC. However, this
study had several limitations, which may have
reduced the diagnostic probabilities. Firstly, a
gap of up to 62 days between the reference
examination and the FDG-PET scan meant that
the two examinations could easily depict differ-
ent situations. In addition, most patients had
been started on anti-inflammatory therapy in
the meantime, a circumstance known to
decrease or eliminate FDG avidity of inflamma-
tory lesions [12]. Furthermore, three of the CD
patients had fibrotic non-inflammatory stric-
tures, which do not show on an FDG-PET scan,
as FDG is not taken up by fibrotic, non-inflam-
matory tissue. As these investigations were
considered false negative they contributed to
the relatively poor sensitivity of FDG-PET seen
in CD. However, as pointed out by Jacene et al.
in adult patients [15], this finding should instead
be considered as true negative. Accordingly,
these authors advocated the use of FDG-PET to
distinguish between inflammatory and fibroste-
notic lesions with consequent implications for
therapy, i.e. anti-inflammatory drugs vs. sur-
gery. Lastly, Lemberg et al. also noted, that in
patients who did not have a full colonoscopy
(only 20 of 40 patients) PET was positive in the
colon not visualized by the endoscopy. However,
these were regarded as false positives, and
thus contributed - perhaps erroneously - to
the relatively poor specificity.
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Loffler et al. [4] published a retrospective study
in 2006, including 23 children with a median
age of 12 years (range 2-16). An FDG-PET scan
was performed within 10 days before or after
the reference examination, i.e. colonoscopy
with biopsies and/or ultrasonographic evalua-
tion of the abdomen. Prior to the PET scan a
dose of 3-5 MBq/kg FDG was injected. The
time from injection to the PET scan was not
stated in the article. FDG uptake was calculat-
ed semiquantitatively using the maximal stan-
dardized uptake values (SUV__ ) and compared
with the FDG uptake in the liver. If SUV__/
Suv, ., was greater than 1.2 it was considered
as a sign of pathological inflammation.
Compared to histology, FDG-PET showed per-
segment sensitivity and specificity of 98% and
68%, respectively. Interestingly, the sensitivity
was higher than the sensitivity of endoscopy
when compared to histology. The authors con-
cluded that FDG-PET could be used in the diag-
nostic workup in pediatric IBD and in the follow
up of patients with IBD. However, inclusion cri-
teria were not stated, and it seems as if some
patients were included more than once, as 26
FDG-PET scans in 23 patients were evaluated.
It is also not clear why only 18 patients had a
colonoscopy.

In 2011, the same group published the first
paper addressing combined FDG-PET/CT for
the diagnosis of pediatric IBD [16]. This was a
retrospective study including 45 patients
between four and seventeen years of age
(median 13.2). All patients were known with
either CD or UC, and most patients were active-
ly treated with anti-inflammatory drugs at inclu-
sion. Patients were examined with either an
FDG-PET or an FDG-PET/CT between 27 days
before and 2 days after the reference examina-
tion, i.e. endoscopies (gastroscopy and colo-
noscopy) with biopsies and ultrasound of the
small bowel. With both PET/CT and PET a dose
of 3 MBqg was injected 1 h prior to scanning.
With PET/CT the total radiation exposure was
estimated to 5-7 mSv whereas it was estimated
to 4-5 mSv with stand alone PET. The FDG
uptake in the gut was compared to the uptake
of the liver. FDG uptake greater than that of the
liver was considered as pathological inflamma-
tion. Thirty-five of the 45 patients included had
a colonoscopy, but in only 25 was the terminal
ileum intubated. Gastroscopy was performed in
30 patients. The study showed per-patient sen-
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sitivity and specificity of 97% and 100%,
respectively, and per-segment sensitivity and
specificity of 82% and 97%, respectively. No dif-
ference was found in the sensitivity or specific-
ity between FDG-PET and FDG-PET/CT. The
authors concluded that FDG-PET/CT seems to
be a reliable tool for detecting inflamed gut seg-
ments in IBD with high sensitivity and high
specificity. However, it is unclear why and how
patients were included, and the FDG-PET or
FDG-PET/CT were performed up to 27 days
before the reference examination again open-
ing the possibility that the two examinations did
not show the same clinical situations. The lack
of difference in diagnostic ability described
may be the case when focusing only on inflam-
mation in different segments of the bowel.
However, as noted by Lemberg et al. [5], FDG
avidity is limited in non-inflammatory changes
in CD, like strictures. This, and the ability to bet-
ter localize extra intestinal inflammation, would
make the FDG-PET/CT superior to FDG-PET
alone.

The most recent paper by Berthold et al. [17],
included retrospectively 23 patients between 8
and 17 years of age (median 15), who had
undergone endoscopies (gastroscopy and colo-
noscopy) with biopsies, magnetic resonance
imaging (MRI), and FDG-PET (+CT) as part of
the diagnostic workup. In all patients, reference
examinations (endoscopies and MRI) were per-
formed during initial admission, but the time
interval until FDG-PET (£CT) was not systemati-
cally reported and in three patients the time
span was up to three months. The FDG dose
given in this study was not stated, neither in the
PET nor the PET/CT scans. Positive PET signal
was defined as a diffuse and coherent tracer
uptake in the bowel that was visually increased
compared to normal intestinal uptake. If endos-
copies were insufficient, the segments not
accessible were analyzed by MRI. In this study,
sensitivity and specificity of FDG-PET (xCT) was
25% and 100%, respectively, in the stomach
and duodenum, and 73% and 89%, respective-
ly in the remaining bowel. The authors conclud-
ed that FDG-PET (xCT) has to be further evalu-
ated as a tool for determination of the extent
and degree of inflammation, especially in the
small bowel, where endoscopy is limited. The
study contained some uncertainties regarding
the inclusion process and the indication for
FDG-PET (xCT) was not clearly stated. As FDG-
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PET (+CT) was not stated as a reference exami-
nation, it is not likely that FDG-PET (+CT) was
part of the routine workup. Therefore, if FDG-
PET (£CT) was done in diagnostically challeng-
ing patients only, this would mean a selection
bias reducing sensitivity and specificity. Again,
FDG-PET and FDG-PET/CT were pooled as one
modality, although the sensitivity and specifici-
ty of FDG-PET with and without CT are not
comparable.

Conclusion and future perspectives

The pediatric literature on the value of FDG-PET
and FDG-PET/CT in IBD is limited, heteroge-
neous, and mostly restricted to retrospective
studies. Also, knowledge of the optimal FDG
dosage for visualizing pathology in gastrointes-
tinal tract is virtually nonexistent in the pediat-
ric setting. Currently used radiation doses are
less for FDG-PET/CT with low-dose, non-
enhanced CT compared to other modalities
such as SBFT and contrast-enhanced CT.
Nonetheless, the literature does reflect a
potential for diagnosing inflammatory changes
in the gastrointestinal tract with a high sensitiv-
ity and a reasonable specificity. New develop-
ments may add to the versatility of PET/CT, as
Saboury et al. [18] recently published a paper
where they employed a quantitative volume-
based technique to FDG-PET/CT in adult CD.
They showed, that by applying this technique
they could calculate the global disease activity,
which correlated to both clinical and endoscop-
ic findings. Studies, applying this technique in
pediatric IBD, would be of great interest, as it
could be a noninvasive way to monitor the
effect of treatment.

Developments in instrumentation have made
stand-alone FDG-PET obsolete, and early
reports based on this modality can hardly be
compared to studies using FDG-PET/CT as it
has been shown in for instance cancer that
hybrid PET/CT has greatly improved sensitivity
and specificity due to a more accurate CT-based
attenuation correction and a much better ana-
tomical mapping [19-22]. Thus, it is reasonable
to hypothesize that future studies with FDG-
PET/CT in pediatric IBD will show further
improved overall results, despite the results by
one study (Loffler et al.) showing no apparent
advantages of PET/CT over PET. Moreover, in
the adult literature, the ability of the PET/CT
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scan to visualize the extra-intestinal manifesta-
tions of IBD has proven valuable in the diagnos-
tic work up [10].

In the reported studies, almost no patients
under the age of 7 years were included, and
thus, the current knowledge on the value of
FDG-PET/CT for IBD in the youngest children is
very limited. Finally, it is noteworthy that in arti-
cles reporting on the incidence of incomplete
colonoscopies, 51 out of 91 colonoscopies
were incomplete. If this number is applicable to
the clinical pediatric routine, 44% of our “gold
standard” examinations in children suspected
of having IBD are incomplete. FDG-PET/CT
seems to have great potential as a non-invasive
whole-body examination for assessment of sev-
eral important aspects of pediatric IBD adding
to the accuracy of the existing techniques, i.e.
in the preliminary assessment of disease
extent, for follow up of indeterminate cases, for
suspected flares or recurrence, for therapy
planning in patients with stenosis, and for
assessing the response to treatment. Of par-
ticular importance for pediatric use, the gener-
al availability, the easy administration of FDG
and fast procedure time for PET/CT procedures
make this technique almost universally fea-
sible.

This review calls for prospective studies of well
characterized patients to shed light upon the
undoubtedly positive impact that FDG-PET/CT
will have on the management of patients with
known or suspected IBD.
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