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Aim: The aim of this study was to implement an imaging protocol for positron emission tomography/
computed tomography (PET/CT) colonography and to combine this protocol with whole body PET/CT
tumour staging for a single whole body examination for routine clinical use.
Subjects and methods: A whole body PET/CT protocol for tumour staging and a protocol for PET/CT
colonography were integrated into one examination. Fourteen prospective patients with suspected
colorectal cancer underwent whole body PET/CT after aqueous bowel distension and pharmacological
bowel relaxation. Colonoscopy and histopathology served as the standards of reference in all patients.
Results: The modified PET/CT examination detected all but one lesion in the colon. One additional lesion
was detected in a patient with incomplete colonoscopy due to high grade luminal stenosis. One polyp with
malignant conversion was identified with the modified PET/CT protocol. PET/CT colonography proved
accurate in local lymph node staging and staged nine out of 11 patients correctly. Six additional
extracolonic tumour sites were detected based on the whole body staging approach.
Conclusion: Whole body PET/CT with integrated colonography is technically feasible for whole body
staging in patients with colorectal cancer. Based on these initial diagnostic experiences, this integrated
protocol may be of substantial benefit in staging patients with colorectal cancer, focusing on patients with
incomplete colonoscopy and those with small synchronous bowel lesions.

C
olorectal cancer is a leading cause of death in Western
countries and its incidence has increased over the past
20 years.1–3 Accurate tumour staging is a prerequisite

for therapy planning and for successful therapy of patients
suffering from colorectal cancer.4–8 In the clinical setting,
conventional colonoscopy is performed for tumour detection,
tissue sampling, and to exclude synchronous lesions. Usually
colonoscopy is performed in conjunction with non-invasive
imaging techniques to assess potential metastases to lymph
nodes and distant organs.6 8 9

Preoperative contrast enhanced computed tomography
(CT) in different technical variations has emerged as one of
the most frequently used tools for staging of colorectal
cancer.5 6 8 10–13 In addition, specific protocols for CT colono-
graphy offer visualisation of the primary tumour combined
with evaluation of adjacent and distant abdominal organs for
potential metastases.14 A limitation of CT and other radio-
logical imaging procedures is their lack of functional data,
which may render determination of lesion size, potential
infiltration of adjacent organs, or involvement of locoregional
lymph nodes difficult.15

[18F]-Fluoro-2-deoxy-D-glucose (FDG)-positron emission
tomography (PET), on the other hand, is highly accurate
when staging primary and recurrent colorectal cancer.16–21

Depending on the study and patient population, sensitivities
of 93–100% were found and specificities for tumour detection
and characterisation ranged from 43% to 98%. PET imaging
has been shown to be superior to conventional CT staging
when assessing patients with colon cancer for distant

metastases.19 However, curtailed anatomical information
provided by FDG-PET often renders accurate localisation of
metastatic lesions difficult.22 Dual modality PET/CT scanners
provide accurately fused morphological and functional
imaging within a single examination. Therefore, the major
limitation of FDG-PET, lack of anatomical information, can
be overcome.23 24 In addition, functional data are provided by
PET/CT compared with CT alone. A variety of studies have
demonstrated this hybrid imaging tool to be superior to CT
alone and PET alone for lesion detection and characterisation
when staging patients with different malignancies and those
with colorectal cancer.15 22 25–27 Thus a combined whole body
PET/CT colonography approach may serve as an attractive
alternative to a multistep multimodality workup comprising
CT staging, PET, and conventional colonoscopy. Although
this approach may not be designed to replace optical
colonoscopy, patients with incomplete colonoscopy or those
with small synchronous bowel tumours may benefit from
such an optimised PET/CT protocol.
Thus the aim of this prospective study was to develop a

protocol for an optimised whole body PET/CT staging
examination, including virtual colonography, and to assess
the technical feasibility of such a protocol.

Abbreviations: PET, positron emission tomography; CT, computed
tomography; FDG, [18F]-fluoro-2-deoxy-D-glucose; 3D-MPR, three
dimensional-multiplanar reformatting; SUV, standard uptake value
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SUBJECTS AND METHODS
Patients
Fourteen consecutive patients (mean age 76 years (range 56–
92); 11 females, three males) were enrolled in the study. All
patients were admitted to the hospital because of bright red
blood per rectum (four patients), positive faecal occult blood
test (three patients), altered bowel habits (two patients),
anaemia of unknown cause (three patients), and severe and
long lasting abdominal pain (two patients). None of the
patients suffered from inflammatory bowel disease. All
patients were referred for PET/CT staging based on suspicion
of colorectal cancer after having undergone conventional
colonoscopy one day previously, with biopsy of suspicious
bowel lesions.
Colonoscopy was incomplete in one patient due to high

grade stenosis of the colonic lumen by a large tumour. Eleven
patients were operated on after tumour staging; three
patients received chemotherapy. Informed consent was
obtained from all patients before enrolling in this prospective
study. The study was performed in accordance with the
regulations of the local ethics committee.

PET/CT imaging procedure
Dual modality imaging was performed with a biograph PET/
CT system (Siemens Medical Solutions, Hoffman Estates,
Illinois, USA). The system is based on two components: a
dual slice CT scanner (Somatom Emotion, Siemens Medical
Solutions, Forchheim, Germany) and a full ring PET
tomograph (ECAT HR+; Siemens Medical Solutions). The
PET system has an axial field of view of 15.5 cm per bed
position and an in plane spatial resolution of 4.6 mm. The
system acquires the CT first, followed by PET. After
examination, CT and PET data sets can be viewed separately
or in fused mode on a commercially available computer
workstation (Syngo Software; Siemens Medical Solutions,
Erlangen, Germany).
Two litres of a bowel cleansing solution containing

polyethylene glycol-electrolytes (PEG-ES, GoLYTELY;
Braintree Laboratories Inc., Braintree, Massachusetts, USA)
was administered to all patients for bowel cleansing. All
patients had been instructed to fast for a minimum of six
hours prior to the examination. Blood glucose levels were
found to be in the normal range prior to FDG injection by
blood sampling. In all patients, 330 MBq of FDG were
administered 60 minutes prior to the PET/CT examination. In
addition, 1500 ml of a negative oral contrast agent were given
within the FDG uptake time for small bowel distension.28

Acquisition of whole body PET/CT with a field of view from
the skull to the upper thighs was divided into two parts. Data
from the upper body regions (base of skull to diaphragm)
were acquired first in a caudocranial direction with the
patient in the supine position using a standardised breathing
protocol.29 Image acquisition was performed with 110 mAs,
120 kV, 5 mm slice thickness and a 2.4 mm incremental
reconstruction, and 60 ml of iodinated contrast agent
(Xenetix 300, Guerbet GmbH, Sulzbach, Germany). PET data
were acquired with the same field of view as CT (base of skull
to diaphragm). In the second imaging part of the study, all
patients received pharmacological bowel relaxation (20 mg of
N-butylscopalamine (Buscopan); Boehringer Ingelheim
GmbH, Ingelheim, Germany). Buscopan was administered
by bolus injection immediately before starting the water
enema using tap water (2–3 litres, 37 C̊). In cases where the
abdominal PET/CT scan lasted more than 15 minutes, a short
infusion of another 20 mg of Buscopan dissolved in 50 ml of
sodium chloride (0.9%) was administered over five minutes.
PET/CT imaging from the diaphragm to the upper thighs was
acquired with a limited breath-hold protocol in the prone
position.29 Image acquisition was performed with 110 mAs,

120 kV, 3 mm slice thickness, and a 2.4 mm incremental
reconstruction. CT acquisition started with a delay of
50 seconds after administration of 90 ml of an iodinated
contrast agent. PET imaging was acquired with the patient in
the same position on the examination table covering the
same field of view as CT. Acquisition time of PET was adapted
in both parts according to the patient’s weight: three minutes
per bed position for patients weighing up to 65 kg,
3.5 minutes for those weighing up to 85 kg, and four minutes
for those over 85 kg

Image evaluation
Bowel distension was determined for each the following
bowel segments according to a four point scale. The rectum
was defined as ranging from the anorectal junction to the
acetabular level. Subsequently, the sigmoid was defined as
proximal to the rectum up to the level of the pelvic brim
where the bowel did not re-enter the pelvis, the descending
colon extended up to the splenic flexure, the transverse colon
was found between the splenic and hepatic flexures, and the
ascending colon was considered as the portion proximal to
the midpoint of the hepatic flexure but distal to the ileocaecal
valve. The caecum was proximal to the ileocaecal valve. The
four point scoring system contained four grades of colonic
distension: grade 0, totally collapsed bowel; grade 1, partially
collapsed colon; grade 2, reasonable but suboptimally
distended colon; and grade 3, optimal colonic distension
with a barely visible colonic wall, according to previously
published criteria.30 An average score for all bowel segments
was calculated based on 84 measurements in total (six bowel
segments each in 14 patients).
All CT and PET data sets were reviewed in fused and three

dimensional modes on a dedicated workstation (Syngo
Software; Siemens Medical Solutions). PET data sets were
evaluated with and without attenuation correction. In cases
where the anatomical situation remained unclear, three
dimensional-multiplanar reformatting (3D-MPR) was per-
formed. PET/CT data were evaluated by a radiologist and a
nuclear medicine specialist in consensus (PET/CT experience:
both 1.5 years). The evaluating physicians were informed
about the clinical background, but blinded to the results of
conventional colonoscopy. On PET/CT images, primary
tumour assessment was based on detection of a contrast
enhancing mass and/or thickened bowel wall. Focally
increased glucose metabolism was defined as malignant on
PET with a standard uptake value (SUV) exceeding 2.5
supporting the diagnosis. T staging was mainly based on the
CT portion of the combined examination. Lymph nodes and
distant organs were assessed for metastatic disease based on
increased glucose metabolism with an SUV exceeding 2.5
(extrahepatic) and 3.5 (intrahepatic). Central necrosis was
defined as an indicator of metastatic spread to lymph nodes
independent of FDG uptake. Histopathological evaluation of
the resected tumour and adjacent tissue served as the
standard of reference in the 11 operated patients. Based on
the small number of patients included in this feasibility
study, no assessment of sensitivities and specificities was
performed.

RESULTS
Feasibility of imaging protocol
PET/CT with integrated colonography provided fully diag-
nostic colonography data and whole body tumour staging in
all patients. Bowel distension with water was feasible and
showed good results based on the four grade scale. Mean
average score for the rectum was 3.0, and for the sigmoid and
descending colon mean distension was rated as 2.5 (fig 1A).
Average scores for the transverse colon and ascending colon
were 2.7 and the average score for the caecum was 2.6. There
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were no complications in any of the 14 patients. All patients
tolerated the procedure well, which included rectal water
filling with prior pharmacological bowel relaxation and
simultaneous negative oral contrast media administration
for small bowel distension. The average time for the
combined examination was 29 (¡6 min) minutes, represent-
ing 6–10 bed positions per examination.

PET/CT colonography
PET/CT colonography and conventional colonoscopy revealed
18 colonic tumour sites in the group of 14 patients. There
were, however, discrepancies between PET/CT colonography
and colonoscopy in two patients. Conventional colonoscopy
detected one additional 5 mm flat based polyp in a patient
with a large tumour in the ascending colon. While the large
tumour was detected on PET/CT colonography, PET/CT
colonography missed the small polyp. Surgery revealed a
benign polyp directly adjacent to the large tumour in the
ascending colon. The polyp was of no clinical relevance as it
was found to be a tubulous adenoma and within the surgical
margins of the colonic carcinoma when resected. PET/CT
colonography detected one additional colorectal tumour in
the ascending colon which had been missed by colonoscopy.
This was related to one incomplete colonoscopy procedure
due to a stenotic and impassable lesion in the descending
colon (fig 2). Histopathology of this lesion after resection
proved this tumour to be malignant.
Four of the 11 patients undergoing tumour resection were

found to be N positive while seven patients were N negative.
PET/CT correctly classified N disease in N positive versus N
negative in nine patients; no patient was overstaged and two

patients were understaged. One 3 mm lymph node meta-
stasis was not detected due to normal glucose metabolism.
Another lymph node metastasis was missed based on its
proximity to the primary lesion. In the other two patients
with lymph node metastases, the functional information
provided by PET/CT proved valuable for detection of tumour
harbouring lymph nodes (fig 3).
According to the standard of reference, T stage was T0 in

one patient, T1 in one patient, T2 in one patient, T3 in six
patients, and T4 in two patients. Nine patients in whom the
tumour was resected showed G2 and two patients showed G3
grading. Whole body PET/CT colonography correctly classi-
fied the T stage in 8/11 resected patients (fig 4). Of these
eight correctly diagnosed patients, one patient had a T1
lesion, two patients were T2, seven patients were T3, and one
patient was T4. One patient showed a tubulous 9 mm polyp
with increased glucose metabolism at the left colonic flexure.
Based on increased glucose metabolism, the PET/CT readers
suggested malignancy (fig 1). Histopathology from the
resected specimen verified malignant tumour growth.
However, PET/CT demonstrated increased glucose metabo-
lism suggesting malignancy in one patient with three tumour
sites, but histopathology showed high grade intraepithelial
dysplasia without cancerous growth.

Whole body staging
In total, six additional extracolonic tumour sites were
detected with PET/CT in six patients; five tumour sites were
unknown. These included three patients with liver metas-
tases, one patient with additional breast cancer, a patient
with a synchronous hepatocellular carcinoma and pulmonary
metastases, as well as one patient with thyroid carcinoma.
Histological verification of extracolonic findings was obtained
for the patients with breast cancer, hepatocellular carcinoma,
and thyroid gland carcinoma. The other tumour sites were
verified by clinical follow up.

Figure 1 (A) Axial contrast enhanced computed tomography (CT)
image demonstrated a tubulous polyp (diameter 9 mm) at the left colon
flexure (large white arrow). The colon was well distended, rated as
distension grade 3 according to the four point scale (small white arrows).
(B) Corresponding axial contrast enhanced positron emission
tomography/CT revealed elevated glucose metabolism within this polyp
and the adjacent bowel wall, indicating a carcinoma. Verification of an
adenomatous carcinoma by histopathology followed.

Figure 2 (A) Axial contrast enhanced computed tomography (CT)
image showed one stenotic tumour site in the descending colon (four
white arrows). This lesion was impassable during conventional
colonoscopy. Another tumorous mass was found on the ascending colon
(three white arrows), later proven to be malignant by histopathology.
(B) Axial contrast enhanced positron emission tomography/CT (PET/CT)
colonography revealed both tumour sites with elevated glucose
metabolism and clear circumscription. PET/CT also indicated tumorous
infiltration of the adjacent tissue. This was later verified by
histopathology.
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DISCUSSION
Whole body PET/CT colonography demonstrated high detec-
tion rates for colonic lesions as well as abdominal lymph
nodes. Additionally, M stage was accurately assessed by the
integrated whole body protocol. Therefore, whole body PET/
CT colonography may play an important role as an ‘‘all in
one’’ staging modality in patients with colorectal cancer,

especially those patients with incomplete optical colonoscopy
or questionable synchronous lesions.
Several issues need to be addressed when applying a

dedicated CT colonography protocol for cancer staging to a
single whole body PET/CT examination. In general, image
misregistration due to bowel movement must be considered
problematic as the time between acquisition of CT and the
end of PET acquisition is approximately 15 minutes.31 To
avoid bowel movement during this time period, bowel
relaxation has to be extended over a longer period of time
compared with conventional CT colonography protocols.
Comparable with conventional CT staging, the PET/CT
protocol uses an intravenous bolus injection of 20 mg
N-butylscopolamine (Buscopan) before the start of the
examination.7 However, if the time between CT and PET
outlasts the half life of N-butylscopolamine, additional bowel
relaxation is required. This was given by short infusion of an
additional 20 mg of Buscopan. In total, two thirds of the
maximal allowed daily dose of Buscopan was given. This
protocol resulted in exact coregistration in nearly all colon
segments. As N-butylscopolamine is not FDA approved in the
USA, studies evaluating the use of glucagon in this modified
and optimised protocol are required.
A practical challenge in CT colonography is patient

scanning in both the prone and supine positions, which has
been shown to provide better colonic distension than either
patient position alone. Apart from the additional radiation
exposure, imaging the patient twice with PET and CT
substantially lengthens the time for abdominal image
acquisition. In addition, previous studies comparing image
acquisition in the prone and supine positions versus only one
position did not detect an increase in sensitivities for polyp
detection.32 Thus image acquisition was limited to the prone
position in the PET/CT protocol.
A different approach in colonic CT scanning is the use of

inflating room air or CO2 which has been shown to provide
improved patient comfort due to bowel absorption of the
gas.7 10 11 32 However, colonic distension by CO2 or room air
inflation is impaired by the need for additional air inflation

Figure 3 (A, B) Axial contrast enhanced positron emission tomography/computed tomography (PET/CT) and CT demonstrated a mass in the
transverse colon without infiltration of the adjacent tissue (white arrows). (C, D) In the same patient, PET/CT detected elevated glucose metabolism in a
lymph node (C) characterising it as malignant. On CT the lymph node was considered suspicious based on its round shape but it was not pathologically
enlarged. Histopathology revealed metastatic spread.

Figure 4 (A) Coronal contrast enhanced computed tomography (CT)
image showed thickened sigmoid wall with suspected infiltration of the
surrounding tissue (white arrows). (B) Coronal contrast enhanced
positron emission tomography/CT demonstrated elevated glucose
metabolism within the thickened bowel wall and indicated infiltration of
the surrounding fat tissue (white arrows) as well as urinary bladder
infiltration in the dorsal bladder wall (black arrow), which had not been
detected on CT.
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during the procedure based on intestinal absorption of the
gas. We considered this option to be less effective in our
setting as absorption of the gas between acquisition of CT and
PET would possibly lead to differences in bowel distension,
resulting in image misregistration of morphological and
functional data. Furthermore, additional air inflation may
result in bowel movement, increasing the amount of image
misregistration. Thus rectal water filling was chosen for
bowel distension.
CT colonography protocols are often performed with

multidetector CT as well as different post-examination
software applications, such as virtual colonoscopy.33–35 To
date, there is no equivalent PET/CT software available. CT
images of combined PET/CT can be viewed separately
applying these software tools but there is no software
available providing virtual colonoscopy of the fused data
sets. Therefore, image evaluation was limited to fused axial as
well as 3D-MPR images in this study. Despite the fact that
multidetector scanners provide the option of acquiring
thinner slices with corresponding reconstruction increments,
it already has been shown that there may not be a significant
difference in detection of small intestinal masses between
scanning with single detector or multidetector scanners.36

Further studies comparing dual slice PET/CT with the new 16
or 64 slice PET/CT generation for PET/CT colonography will
address this issue.
While the results of this study must be interpreted with

caution because of the small sample size, they do demon-
strate a trend towards accurate staging results with this
dedicated whole body PET/CT colonography protocol. In
addition, PET/CT revealed one patient harbouring three
colonic masses, and increased glucose metabolism indicated
malignancy in these sites. As histopathology found severe
intraepithelial dysplasia but no malignancy, these must be
considered false positives. However, it is well known that
intraepithelial dysplasia may result in cancerous growth.
Thus detection of these lesions must be considered relevant.
Based on the reported results, the dedicated PET/CT
colonography protocol may also be eligible for detection of
dysplastic tissue even before cancerous transformation.
Further studies addressing this issue are required.
While there is only a small number of studies on FDG-PET/

CT in colon cancer, significantly more accurate staging results
for T and N stages have been reported for other tumours
when staged with PET/CT compared with CT alone and PET
alone.15 22 26 27 In colon cancer patients, PET may be used for
staging of the primary tumour and for diagnosis and staging
of tumour recurrence. Although superior results have been
published in terms of sensitivity and specificity for PET alone
over CT alone when assessing the M stage for colorectal
cancer, PET imaging as the sole procedure cannot be
considered an option as additional morphological informa-
tion is required for lesion localisation. Side by side image
evaluation of separately acquired CT and PET data sets may
be an option. However, substantial misregistration of the
bowel when correlating CT with PET must be expected due to
patient movement between the two procedures.
The question to be answered in future analyses will be

whether full dose CT data are required for the combined
protocol of whole body PET/CT and PET/CT colonography. To
date, different CT colonography protocols have been reported
in the literature, which are based on different radiation doses
depending on the required information. It has however
already been shown that in CT colonography and CT staging,
contrast material and full dose image acquisition can increase
lesion detection rates.8 11 12 37 PET/CT tumour staging may also
benefit from full dose and contrast enhanced CT. Apart from
the sensitivity of lesion detection, issues such as the accuracy
of T and N staging, radiation exposure, and potential adverse

reactions to the iodine based contrast material have to be
considered.
A limitation of the combined PET/CT protocol is the time

required for image acquisition. Compared with dedicated CT
colonography protocols, examination times of up to 30 min-
utes are substantially longer. However, examination times
are similar compared with whole body PET/CT without
colonography. In the future, the examination time of whole
body PET/CT colonography may be substantially lowered by
development of alternative PET detector materials and the
introduction of new PET detectors covering a larger field of
view.38

In conclusion, whole body PET/CT with an integrated PET/
CT colonography protocol is technically feasible for staging
colorectal cancer. PET/CT colonography will not compete with
colonoscopy, rather the two procedures will complement one
another. Patients with suspected colorectal cancer but
incomplete colonoscopy may substantially benefit from the
combined imaging protocol. Synchronous tumours and
precancerous polyps may alter surgery to a more tailored
approach. In cases with incomplete colonoscopy, these
tumours can be detected by PET/CT colonography.
Additionally, in comparison with CT colonography, small
colonic lesions may be identified more easily based on the
additional functional data. However, this study did not
directly compare PET/CT with CT colonography. Thus this
question will have to be answered in further studies. A major
advantage of the combined imaging approach is to the fact
that the diagnosis of the primary tumour as well as whole
body N and M staging can be performed in a single
examination session. The typical multimodality multi-session
staging procedure may eventually be replaced by one
optimised whole body examination. As the number of
patients is too small to draw definitive conclusions on
accuracy, this study will hopefully encourage further inves-
tigations addressing the overall accuracy of whole body PET/
CT colonography for TNM staging.
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Answer
From question on page 53
Magnetic resonance (MRI) axial and coronal T2 weighted images (fig 1A, B) showed ascites,
extensive liver and kidney cysts, and narrowing of the cava vein. MRI gadolinium enhanced
T1 weighted image (fig 1C) confirmed the cystic nature of the liver lesions without
enhancement. Sagittal plane reconstruction of the image (fig 1D) demonstrated severe
compression of the retrohepatic cava vein (arrow) that was confirmed by the cavogram (fig
1E), also depicting large paravertebral collateral veins. Autosomal dominant polycystic
kidney/liver disease causing compression of the vena cava was diagnosed.
A Palmaz stent was placed in the narrowed vein. In the following days, daily urine volume
increased and, at discharge, furosemide 75 mg/daily was prescribed. The patient regained
body weight and a good quality of life; after 66 months of follow up she remains well and
ultrasonography shows only minimal ascites.
Caval hypertension may have a relevant role in determining ascites accumulation in patients
with polycystic liver and therefore in this setting inferior vena cava patency should be
accurately evaluated. MRI is a useful diagnostic tool and, if stenosis is showed, caval
stenting should be the first therapeutic procedure.
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