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AIM: To evaluate the minimal iodine contrast medium load necessary for an optimal
computed tomography colonography tagging quality.
MATERIALS AND METHODS: Faecal occult blood test positive patients were randomly

selected for one of three iodine bowel preparations: (1) 3� 50 ml meglumine ioxithalamate
(45 g iodine), (2) 4� 25 ml meglumine ioxithalamate (30 g iodine); or (3) 3� 25 ml (22.5 g
iodine) meglumine ioxithalamate. Two experienced readers assessed the tagging quality per
colonic segment on a five-point scale and the presence of adherent stool. Also semi-automatic
homogeneity measurements were performed. Patient acceptance was assessed with
questionnaires.
RESULTS: Of 70 eligible patients, 45 patients participated (25 males, mean age 62 years).

Each preparation group contained 15 patients. The quality of tagging was insufficient (score
1e2) in 0% of segments in group 1; 4% in group 2 (p< 0.01 versus group 1); and 5% in group 3
(p¼ 0.06 versus group 1). In group 1 in 11% of the segments adherent stool was present
compared with 49% in group 2 and 41% in group 3 (p< 0.01, group 2 and 3 versus group 1).
Homogeneity was 85, 102 (p< 0.01), and 91 SD HU (p¼ 0.26) in groups 1, 2, and 3, respectively.
In group 1 two patients experienced no burden after contrast agent ingestion compared to one
patient in group 2 and nine patients in group 3 (p¼ 0.017).
CONCLUSION: A dose of 3� 50 ml meglumine ioxithalamate is advisable for an optimal

tagging quality despite beneficial effects on the patient acceptance in patients receiving
a lower dose.

� 2010 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

High-quality bowel preparation is essential to detect
colorectal polyps and carcinomas accurately using
computed tomography (CT) colonography. Several different
CT colonography bowel preparation techniques have been
evaluated in previous studies, including a solely cathartic
bowel preparation, such as polyethylene glycol or sodium
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phosphate.1,2 However, oral contrast medium can also be
used to “tag” the residual faeces.3e7 It is possible to combine
the oral contrast medium with a cathartic agent or with
mild laxatives, but it is also possible to use a preparation
with an oral tagging agent only. Several studies have been
performed on these different preparations and cathartic
preparations have shown to lead to excessive diarrhoea
with concomitant patient discomfort, but a preparation
with an oral tagging agent alone (sometimes combined
with reduced laxatives) has been proven to produce suffi-
cient faecal tagging whilst minimizing the unwanted side
effect of diarrhoea.4,6e10

It is important to improve patient experience with
the bowel preparation because this can increase compliance
with CTcolonography examinations, especially in the context
of screening.11 Tagging-only bowel preparations can consist
of barium or iodine-contrast medium tagging or a combina-
tion of both. The advantage of barium tagging is that it does
not induce diarrhoea, which can result from the oral intake
of high-osmolarity iodinated-based contrast media.5,6

However, barium primarily tags the solid stool and not the
liquid components, which can lead to inhomogeneous
tagging.12 Conversely, a high-osmolarity iodine contrast
medium softens the stool, causing a more homogeneous
mixing with the iodine and thereby improving ease of CT
colonography reading.7 A few studies were performed using
iodine tagging alonewith relatively high iodine loads (60 g to
74 g iodine) or the iodine contrast agent was combined with
mild laxatives.13e15 However, in order to minimize diarrhoea
and keep the instructions to the patient as simple as possible,
aminimal iodine dosewithout laxativeswould be preferable.
No previous study has used a minimal iodine dose lower
than 30 mg without any laxatives.

The aim of this study was to asses the feasibility of
a laxative-free and low iodine load tagging bowel regimen
for CT colonography. Three groups of patients received
different iodine contrast agent loads and the tagging quality
and patient acceptance were evaluated.
Materials and methods

Patients were offered colonoscopy at the Gastroenter-
ology Department as the result of a positive faecal occult
blood test (FOBT) in the second round of a large bowel
cancer pilot screening study that invited 10,000 average-
risk persons between 50 and 75 years to participate.16 At the
outpatient clinic all patients with a positive FOBT were
informed about the CT colonography study and asked to
Table 1
Three different preparation regimes for computed tomography colonography (CT

Day -1

Preparation 1 e 2� 50 ml Telebrix: at lunch and dinner
e low-fibre diet

Preparation 2 e 3� 25 ml Telebrix: at breakfast, lunch and dinner
e low-fiber diet

Preparation 3 e2� 25 ml Telebrix at lunch and dinner
elow-fiber diet
participate. Exclusion criteria were: patients who were
unable to give informed consent; patients with terminal
illness; patients with colorectal carcinoma symptoms
within the last 3 months; colonoscopy in the previous 2
years; examinations with radiation exposure in the last 12
months; iodine contrast allergy; hyperthyroidism; and
pregnancy. After written, informed consent for CT colo-
nography had been obtained, patients were allocated to one
of three preparation groups (see Table 1 for further details).
When the desired number of 15 patients per preparation
group was included and underwent a full CT colonography
examination, the inclusion was stopped. Allocation to
a preparation group occurred sequentially: the first
included patient enrolled in the study received preparation
1, second patient preparation 2, third preparation 3, fourth
preparation 1 etc. The preparation schemes all consisted of
the ingestion of meglumine-ioxithalamate (Telebrix Gastro
300 mg iodine/ml; Guerbet, France) and a low-fibre diet on
the day before CT colonography. On the day of CT colonog-
raphy examination patients were only allowed to take
drinks and liquid foods before the examination and they
had to take their last bottle of Telebrix. Approval of the
Medical Ethics Committee of our institution was obtained.

CT colonography examination

Before the examination a smooth muscle relaxant was
injected intravenously [20 mg butylscopolamine bromide
(Buscopan; Boehringer-Ingelheim, Ingelheim, Germany); or
when contraindicated 1 mg glucagon (Glucagen; Novo-Nor-
disk, Bagsvaerd, Denmark)]. Approximately 3 l of carbon
dioxide was insufflated via a rectal catheter into the colon,
using an automated insufflator (Bracco, PROTOCO2L insuf-
flator, New York, USA). All the examinations were performed
using a 64-section CT machine (Brilliance, Philips Medical
Systems, Best, the Netherlands). A low-dose protocol using
a tube current of 25 mAs was used with z-axis tube modu-
lation and automatic current selection. Section collimation
was 64� 0.625 mm, pitch 1.2, section thickness 0.9 mm,
rotation time 0.4 s, and tube voltage 120 kV. Patients were
examined in supine and prone positions.

Two experienced CT colonography readers (M.L. who had
undertaken 500 CT colonography examinations with colo-
noscopy verification and F.Z. who had undertaken 125 CT
colonography examinations with colonoscopy verification)
performed polyp detection using CTcolonography before the
colonoscopy. Images were read in primary two-dimensional
(2D) read (window setting 1500, e250 HU) with three-
dimensional (3D) problem-solving on specialized software
C).

Day CTC Total iodine dose

e 1� 50 ml Telebrix 1.5 h before CTC 150 ml
e Only liquid foods before CTC 45 g iodine
e 1� 25 ml Telebrix 1.5 h before CTC 100 ml
e Only liquid foods before CTC 30 g iodine
e1� 25 ml Telebrix 1.5 h before CTC 75 ml
eOnly liquid foods before CTC 22.5 g iodine
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(View Forum, Philips, Best, the Netherlands). A secondary 3D
fly-through was also performed after the 2D read for addi-
tional evaluation. Reading times for the primary 2D and
additional 3D read were registered.
Evaluation of tagging quality

Tagging quality was assessed on the supine examinations
alone by two experienced CT colonography readers (M.L.,
F.Z.) using several subjective scores. The subjective scores
were used to determine the amount and consistency of the
faecal residue, the tagging quality (five-point scale), the
largest piece of untagged faecal material, the presence of
adherent stool, and the influence of the tagging quality on
polyp detection (see Table 2). The evaluations were done per
colonic segment: caecum, ascending, transverse, descending
colon, sigmoid, and rectum. The worst tagged part of the
colonic segment was chosen for allocating the score.
Regarding the amount of faecal residue, the reader made an
estimation of the average amount of filled lumen. Evalua-
tions were undertaken on supine images only, because stool
composition does not change when the patient changes
position. Solid faeces and inhomogeneously tagged faeces
make polyp detection more difficult, whether or not it has
changed position when the patient has turned.

In addition, automatic density measurements were per-
formed with specialized software (View Forum, Philips,
Table 2
Subjective scores of tagging quality.

Total amount of faecal
residue per segment

1. 0e25% of the lumen filled with faecal
residue

2. >25e50% of the lumen filled with faecal
residue

3. >50e75% of the lumen filled with faecal
residue

4. >75e100% of the lumen filled with
faecal residue

Consistency of faecal
residue

1. Liquid
2. Partly solid/partly liquid
3. Solid

Quality of tagging 1. Insufficient preparation; all residual
faeces inhomogeneously tagged

2. Poor preparation; 1 to <25% homoge-
neously tagged

3. Moderate preparation; 25 to <50%
homogeneously tagged

4. Sufficient preparation; 50 to <75%
homogeneously tagged

5. Good preparation; 75e100% homoge-
neously tagged

Largest piece of untagged
stool

1. No untagged stool
2. <6 mm untagged stool piece
3. 6 to <10 mm untagged stool piece
4. �10 mm untagged stool piece

Presence of adherent stool 1. Yes, adherent (“sticky”) stool present
2. No

Influence of quality of
tagging on polyp
detection

1. Diagnostic images for polyps of all sizes
2. Diagnostic images only for polyps

�6 mm
3. Diagnostic images only for polyps

�10 mm
4. Non-diagnostic images, polyps �10 mm

can be missed
Best, the Netherlands). All voxels having a radiodensity
>200 HU were considered to be faeces. Measurements
were performed automatically every 10 mm perpendicular
to the colon path and the mean values for density (HU)
and homogeneity (SD of HU) were calculated per colonic
segment. The colonic segments had been defined by
a radiology research fellow (M.L.), by defining the borders of
each segment in one sample colon. Ratios of the length per
segment related to the total colonic length were calculated
and applied to all CT colonographies in this study. This will
not generate the exact end-point of each colonic segment in
all CT colonographies, but it gives a good impression of the
distribution of the faecal remnants in the colon. All auto-
matic measurements were checked by the research fellow.
When measurements in a segment were inadequate due to
faecal remnants with a radiodensity below 200 HU, the
radiology research fellow performed manual measure-
ments of the faecal residue with three regions of interest
(ROIs) placed in the segment. The sections inwhich the ROIs
were placed were randomly selected by using a computer
program (Windows Excel 2003, Microsoft). Only ROIs with
a surface larger than 30 mm2weremeasured. As the density
and homogeneity can vary between patients and the
combination of both measurements is important, we also
calculated the relative homogeneity (¼SD HU/mean HU).

Colonoscopy

Colonoscopies were performed by experienced gastro-
enterologists or gastroenterology-fellows under supervi-
sion. All patients received 2 l of polyethylene glycol
electrolyte solution (Moviprep; Norgine Limited, Mid Gla-
morgan, UK) with a low-fibre diet for bowel preparation.
Analgesics (fentanyl, Fentanyl-Janssen; Janssen Pharma-
ceuticals, Beerse, Belgium) and sedation (midazolam,
Dormicum; Roche, Basel, Switzerland) were used as stan-
dard in all patients. The polyps detected at CT colonography
were revealed per colonic segment to the colonoscopists
according to the technique of segmental unblinding. Polyp
size was estimated using opened biopsy forceps and the
colonoscopy was videotaped from the caecum to enable
matching of the colonoscopy and CT colonography polyps
by a radiology research fellow (M.L.). Lesion histology was
classified according to the Vienna classification.17

Questionnaires

All patients received three questionnaires with questions
relating to patient experience of the preparation and the
examination itself. In the first questionnaire, which was
completed at home before the examinations, patients were
asked about their normal daily stool consistency and
frequency of defaecation. The second questionnaire was
completed directly after the CT colonography, and included
questions about the experience of iodine contrast agent
ingestion and the effect of the bowel preparation, as
measured on a five-point scale (1¼ not unpleasant,
2¼minimally unpleasant, 3¼moderately unpleasant,
4¼ severely unpleasant, 5¼ extremely unpleasant). The final
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questionnaire was sent to the patient’s home 2 weeks after
the last examination. Patients were asked which aspects of
the examination were most difficult to tolerate.
Statistical analysis

Participant characteristics, including age, sex, normal
stool consistency, and prior experience with colono-
scopy were compared by using appropriate statistical
methods (ANOVA, Chi-square test) depending on the
type of data (e.g. continuous data, binomial data,
respectively).

Tagging quality outcomes (amount of residual faeces,
consistency of residual faeces, presence of adherent stool,
quality of tagging and influence on polyp detection) were
analyzed using ordinal regression analyses and generalized
estimating equation (GEE) to allow for data clustering and
dependency.18 This was done as more than one segment per
patient and per segment two observations were obtained.
Therefore, two levels of clustering were added. The link
function was set at clogit, the distribution was defined as
multinomial, and an independent working correction
matrix was used.

The density and homogeneity of the residual stool and
the SD/HU ratios per segment type between groups were
compared by ANOVA, followed by post-hoc tests (Student’s
t-test).

The overall density and homogeneity of the residual
stool and the SD/HU ratios among groups were also
compared using linear regression analysis and GEE to allow
for data clustering and dependency (more than one
segment per patient). For the continuous data the link
function was set at identity, the distribution was defined as
normal and an exchangeable working correlation structure
was used.

The interobserver variability for the tagging quality was
determined by giving percentages of total agreement in
both observers. The calculation of kappa statistics was
hampered by the low prevalence of certain scores resulting
in unequal distributions in the crosstabs.19
70 eligible FOB

patien

15 patients  

Preparation 1 

(45 g I) 

15 patie

Preparati

(30 g 

24 patients not willing to 

participate: no informed 

consent

Figure 1 Flowchart of t
Due to the relatively low patient numbers per group and
the relatively low number of findings, no statistical analysis
on polyp detection was performed. Reading times were
compared using the ANOVA test and post-hoc tests
(Student’s t-test).

From the questionnaires, patient experience of the
preparation, especially regarding diarrhoea was compared
by using a Chi-square trend test.

Statistical analyses were performed using SPSS version
15.0.1 for Windows (SPSS) and the GEE analysis were per-
formed using SAS version 9.1. For analysis, a p-value of
<0.05 was considered as statistical significant, except for
the he pairwise comparisons obtained by Student’s t-tests.
For the latter a p-value of 0.05/3 was considered as statis-
tical significant (Bonferonni correction).

Results

In total therewere 70 eligible FOBT positive patients; one
patient was excluded because of Graves’ disease and
another 24 patients did not want to take part in this study,
mainly because of the anticipated burden of the additional
CT colonography examination. Finally 45 patients were
included, 15 patients in each of the three preparation
groups (see flowchart in Fig. 1). Of each patient all six
colonic segments were included resulting in a total of 270
included segments. In group 1, the number of males/
females was 7/8, in group 2 7/8, and in group 3 11/4
(p¼ 0.237). Mean ages in group 1, 2 and 3 were 62 years (SD
6.8), 62 years (SD 5.9), and 62 years (SD 7.4), respectively
(p¼ 0.994). Stool consistency prior to this study was hard in
two patients in each group and soft in seven patients in each
group. The other patients had a variable stool consistency
(p¼ 0.909). Four patients in group 1, two patients in group
2, and one patient in group 3 had undergone a previous
colonoscopy. During the CT colonography examination
Buscopan was used in 39 patients, Glucagon in four
patients, and in two patients no smooth muscle relaxant
was used. No complications occurred during the bowel
preparation or the CTcolonography examination. In group 1,
T positive 
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17 lesions of �6mm were found at segmental unblinded
colonoscopy in six patients. In group 2 therewere 17 lesions
in seven patients and, in group 3, 17 lesions in seven
patients. One of the lesions was a carcinoma found only
after segmental unblinding in group 3.
Quality of tagging

Regarding the total amount of faecal residue, a significant
difference was found for group 1 versus group 3 (p¼ 0.034);
23% of all segments were filled with>25% of faecal residue in
group1versus17% ingroup2and11% ingroup3.All subjective
evaluation scores of the tagging qualitywith corresponding p-
values are presented in Table 3. The consistency of the faeces
was mainly fluid in all segments, but in group 2 and 3 the
faeces had a solid consistency in a significantly larger number
of segments than in group 1. The quality of tagging was
insufficient to moderate (score 1e3) in 1% of segments in
group 1, in 14% of segments in group 2 and in 8% in group 3
(group 1 versus group 2; p¼ 0.002).When comparisons were
made per colonic segment, all segments in group 1, except the
sigmoid colon, had significantly higher scores than in group 2.
No significant differences per colonic segment were found for
group 1 comparedwith group 3. In Fig. 2 examples of different
quality scores are presented. Regarding the largest piece of
untagged stool, an untagged stool piece �6 mmwas found in
4%of the segments ingroup1. For group2 thiswas in 16%of all
segments, and for group 3 in 6% (group 1 versus group 2,
p¼ 0.022, for other comparisons no significant differences
existed, see Table 3). In group 1 in only 11% of the segments
adherent stool was present. This was significantly higher in
group 2 (49% adherent stool) and group 3 (41%). Also the
Table 3
Tagging quality scored by readers for all segments.

Preparatio

Total amount of faecal residue per segment 0 to <25% 77%
25 to <50% 18%
50 to <75% 5%
75e100% 0%

Consistency of faecal residues Liquid 87%
Liquid/solid 11%
solid 2%

Quality of tagging 1 (insufficient) 0%
2 0%
3 1%
4 9%
5 (good) 90%

Largest piece of untagged stool No untagged 83%
<6 mm 13%
6e9 mm 4%
�10 mm 0%

Presence of adherent stool Yes 11%
No 89%

Influence of quality of tagging
on polyp detection

1 (diagnostic) 89%
2 11%
3 0%
4 (not diagnostic) 0%

The percentages of segments per tagging quality score are presented (results of bo
last column. P-values are given for all groups compared, obtained by the GEE an
influence of the tagging quality on polyp detection was rated
better in group 1 compared to group 2 and 3. The interob-
server variation for all qualitative imaging scores varied
between 71 and 85% (see Table 3).

The average density of the tagged faeces in all colonic
segments was 610 HU in preparation group 1, 514 HU in
group 2 (p¼ 0.005 versus group 1) and 538 HU in group 3
(p¼ 0.099 versus group 1). The average homogeneity was
85 SD HU, 102 SD HU (p¼ 0.001 versus group 1), and 91 SD
HU (p¼ 0.260 versus group 1) in the three groups, respec-
tively. Ratios of the relative homogeneity (HU SD/mean HU)
were 0.14, 0.24 (p< 0.001 versus group 1), and 0.21
(p¼ 0.027 versus group 1) respectively. For the descending
colon in both groups 2 and 3, the relative homogeneity ratio
was higher compared with group 1. In Table 4 the values are
presented per segment and significant differences between
groups per segment are also indicated.

Reading times

Observer 1 had a reading time of 10min 58 sec (SD 2min
52 sec) in group 1,12min 10 sec (SD 3min 00 sec) in group 2
and 13 min 37 sec (SD 4 min 48 sec) in group 3 (p¼ 0.151).
For observer 2 this was 18 min 17 sec (SD 6 min 35 sec), 19
min 03 sec (SD 7 min 46 sec) and 18 min 37 sec (SD 5 min
22 sec) for group 1, 2, and 3, respectively (p¼ 0.952).

Patient acceptance

Questionnaires 1 and 2 were filled in by all patients and
questionnaire 3 was not returned by four patients. In groups
1 and 2, 14 patients experienced diarrhoea after ingestion of
the contrast agent versus 10 patients in group 3 (p¼ 0.067).
n 1 Preparation 2 Preparation 3 P-values Agreement
observers

83% 89% 1 versus 2: 0.213 85%
17% 10% 1 versus 3: 0.034
0% 1% 2 versus 3: 0.284
0% 0%

53% 55% 1 versus 2: 0.002 74%
27% 28% 1 versus 3: 0.004
20% 17% 2 versus 3: 0.703
2% 1% 1 versus 2: 0.002 73%
2% 4% 1 versus 3: 0.061

10% 3% 2 versus 3: 0.157
26% 17%
61% 76%
62% 74% 1 versus 2: 0.022 76%
22% 21% 1 versus 3: 0.303
10% 4% 2 versus 3: 0.185
6% 2%

49% 41% 1 versus 2: 0.002 79%
51% 59% 1 versus 3: 0.009

2 versus 3: 0.468
61% 67% 1 versus 2: 0.002 71%
29% 28% 1 versus 3: 0.006
9% 5% 2 versus 3: 0.499
1% 0%

th readers are added). Agreement between both observers is presented in the
alysis. P-values in bold are considered statistically significant.



Figure 2 Examples of subjective tagging quality scores. (a) Example of a CT colonography with good tagging quality and the ascending colon
filled with 50e75% of tagged faeces (preparation group 1). (b) Moderate tagging quality in the caecum and ascending colon (preparation
group 2). (c) Poor tagging quality in the ascending colon, sagittal image (preparation group 2). Furthermore both observers found untagged stool
particles of �10 mm.
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In group 1 two patients experienced no arduous side effects
from the oral contrast agent, with one patient in group 2
and nine patients in group 3 also reporting no arduous side-
effects (see Fig. 3; p¼ 0.017). When patients were asked
which aspect of thewhole examinationwasmost difficult to
tolerate, patients found the insufflation of carbon dioxide
for the CT colonography most arduous (67% in group 1, 62%
in group 2 and 55% in group 3; Fig. 4).

Discussion

The findings of the present study suggest that prepara-
tion 1, starting 1 day before the CT colonography and using
three 50 ml doses of an iodine contrast agent (meglumine
ioxithalamate; 45 g iodine), results in a good tagging
quality. When only half of this dose is used, the patient
Table 4
Tagging density and homogeneity measurements.

Preparation Density Homogeneity

mean HU (SE) SD HU (SE)

1 2 3 1 2

Caecum 575 (30.7) 439 (52.8) 551 (41.8) 86 (3.52) 103
0.063 0.583 0.38

Ascending 602 (26.7) 478 (36.9) 499 (44.1) 82 (3.25) 105
0.014 0.061 0.01

Transverse 633 (39.3) 588 (30.1) 571 (50.7) 77 (2.51) 95 (
0.390 0.353 <0.0

Descending 666 (25.0) 555 (42.5) 534 (41.3) 81 (2.53) 89 (
0.038 0.012 0.09

Sigmoid 609 (27.3) 541 (41.1) 519 (53.5) 93 (6.64) 97 (
0.571 0.108 0.81

Rectum 569 (25.1) 481 (34.7) 479 (78.9) 94 (7.37) 120
0.074 0.072 0.19

Total 610 (24.2) 514 (23.9) 538 (36.9) 85 (2.87) 102
0.005 0.099 0.00

All p-values of comparisons of group 2 and 3 versus group 1 are given in the sec
P-values in bold indicate a significant difference when compared to values of gro
p-values of 0.05/3 were considered significant. For the overall, a p< 0.05 was co
tolerance increases significantly but the tagging quality
declines with an increase in the amount of adherent and
solid faeces. In addition, when the semi-automated
measurements were considered, a significantly better
homogeneity and relative homogeneity (SD HU/mean HU)
was found in the first group that had taken the three 50 ml
doses of the iodine contrast agent.

When a tagging-only preparation is used for CT colo-
nography, it is important that homogeneous mixing with
the faeces is obtained without untagged faecal remnants.
This increases ease of image interpretation, resulting in
optimal polyp detection, increased specificity and improved
reading efficiency.2 The first preparation group that
received in total 45 g iodine had the best tagging quality
rated by the observers. In the other groups with 30 g iodine
or 22.5 g iodine, the tagging quality was rated significantly
Relative homogeneity

SD HU/mean HU

3 1 2 3

(7.90) 100 (10.72) 0.15 (0.008) 0.28 (0.441) 0.20 (0.036)
8 0.470 0.261 0.326
(7.77) 92 (5.01) 0.14 (0.009) 0.30 (0.087) 0.22 (0.041)
6 0.135 0.104 0.076
3.53) 83 (3.36) 0.13 (0.008) 0.17 (0.012) 0.17 (0.020)
01 0.192 0.008 0.079
3.17) 87 (3.66) 0.12 (0.006) 0.18 (0.018) 0.18 (0.018)
9 0.250 0.014 0.011
5.82) 97 (7.14) 0.16 (0.016) 0.21 (0.030) 0.27 (0.091)
4 0.319 0.446 0.137
(10.00) 91 (13.7) 0.17 (0.014) 0.27 (0.040) 0.22 (0.055)
7 0.415 0.032 0.150

(4.00) 91 (4.26) 0.14 (0.008) 0.24 (0.023) 0.21 (0.027)
1 0.260 <0.001 0.027

ond line of each row.
up 1, obtained by post-hoc analysis (Student’s t-test). For these comparisons
nsidered significant.
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poorer, although a large number of colonic segments still
had an optimal score. In addition, the influence of the
quality of tagging on polyp detection was rated poorer in
the two groups with the lowest iodine load. When consid-
ering the semi-automatic measurements, better homoge-
neity was found in the first preparation group compared to
group 2. No large differences were observed in the density
values but these values were combined with the homoge-
neity values (SD HU) to calculate the relative homogeneity
(SD HU/mean HU). This value corrects for differences in
mean density and represents the quality of tagging. For
example, a low mean density of 200 HU with homogeneity
of 80 SDHU, will result in a higher ratio of relative homo-
geneity (ratio¼ 0.4) compared to a mean density of 600 HU
with 80 SDHU (ratio¼ 0.13). This relative homogeneity is
an important tool for comparing the effects of differences in
homogeneity and density.4 In groups 2 and 3 significantly
higher ratios were found compared with group 1.

No study has been performed using these small amounts
of iodine contrast agent and a short preparation time,
without the addition of laxatives. However, some earlier
studies have shown that excellent results can be obtained
for polyp detection and tagging quality with a 2- or 1-day
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Figure 4 Most unpleasant aspect of the examination. Shows the
aspect of the CT colonography examination that was tolerated least
well by patients. On the y-axis the percentages of patients per group
are presented. CTC: CT colonography.
preparation.13,14,20 Furthermore the study of Campanella
et al.15 showed that a dose of 18.5 g iodine just before CT
colonography and 2 days of preparation with a laxative
agent was also sufficient for adequate tagging. Due to the
smaller amounts of contrast agent in the second and third
group of patients in this study, the colon in those patients
contained a lower concentration of the contrast agent,
which probably resulted in a lower amount of faecal residue
but also led to less stool softening and thusmore solid faecal
remnants and more adherent (or “sticky”) faeces. Although
overall quality in the second and third preparation groups
was rated less, only a few segments were not considered to
be diagnostic for finding polyps of �6 mm and only one
segment was not diagnostic for finding polyps �10 mm.
Thus for a relatively large number of patients preparation
with only 22.5 g iodine contrast agent might be sufficient
for adequate polyp detection.

Few studies have calculated the effect of minimal bowel
preparation on polyp detection, although Iannaccone et al.13

used a preparation of 200 ml iodine contrast (74 g iodine)
and found a very high sensitivity of 86% for polyps
�6 mm.13 As patient numbers were too small in the present
study, the sensitivity differences between preparation
groups were not calculated, but the most important aspect
of this study was to evaluate the tagging quality rather than
evaluate polyp detection.

High amounts of iodine in tagging agents will induce
diarrhoea and, consequently, reduce patient tolerance of the
examination.14 This can negatively influence patient
compliance, especially in the context of population
screening.11 In this study it was shown that a low amount of
contrast agent started at lunch on the day before the CT
colonography is tolerated better by patients than preparation
with twice the amount of contrast agent or a preparation that
starts at breakfast the day before. Furthermore a low-fibre
dietwas used in the present study because earlier research in
our hospital has confirmed that a low-fibre diet can increase
the tagging quality.21

Reading times increased somewhat for both readers over
the three preparation groups, but differences were not
significant. An increase in reading times could indicate that
the images are more difficult to read because of the
decreased tagging quality.

This study has some weaknesses; primarily the low
number of patients included in each preparation group.
However, the numbers were sufficient to address the
primary outcomemeasures, and therefore, evaluation of the
tagging quality in the CT colonography examinations could
be performed as previous studies on bowel preparation
have done.4,7,15 Due to the low number of polyps a mean-
ingful comparison of performance in polyp detection
between the groups was not possible. Another weakness of
this study is that only an iodine preparation was tested and
barium contrast agents were not assessed. As it has already
been shown that iodine in small amounts results in
homogeneous mixing in contrast to barium contrast
agents,7,20 the present study focussed on reducing the
amount of iodine tagging to produce a shorter preparation
time. Small amounts of iodine are absorbed in the colon so



M.H. Liedenbaum et al. / Clinical Radiology 66 (2011) 30e37 37
the use of oral iodine contrast agents can result in mild
allergic or rarely in severe anaphylactic reactions.22e24 All
patients with a previous iodine contrast allergy were
excluded from the study to avoid the risk on anaphylactic
reactions. No complications due to the bowel preparation
occurred in this study.

In conclusion, the iodine preparation with the largest
amount of iodine contrast agent (45 g iodine) had the best
results regarding tagging quality. The results for measured
density and homogeneity were also most favourable in the
group with the largest amount of tagging agent. Further
decrease of the iodine dose does not seem advisable,
despite the beneficial effects on the patient acceptance.
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