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8

Introduction

Colorectal cancer is one of the leading causes of cancer-related mortality. It is 
estimated that in developed countries in 2008, 727,400 individuals were diagnosed 
with colorectal cancer and 320,100 died as a consequence of this disease [1]. 
Most colorectal cancers are thought to develop from adenomas through the so-
called adenoma-carcinoma sequence [2]. Adenomas and especially advanced 
adenomas have a risk of developing into cancer. An advanced adenoma is defined 
as an adenoma ≥ 10 mm, with villous histology (≥ 25% villous) or with high-grade 
dysplasia. Advanced adenomas and carcinomas combined are known as advanced 
neoplasia. Despite improvements in treatment of colorectal cancer, mortality 
has not decreased to a considerable extent [2]. The most important reason is the 
presence of extensive disease at the time of diagnosis.

Early detection of colorectal cancer and prevention by removing the precursors 
of colorectal cancer (adenomatous polyps) by screening is possible and at this 
moment seems to be the most feasible solution to substantially reduce incidence 
and mortality of colorectal cancer [2]. Several screening techniques are available, 
including faecal occult blood test, sigmoidoscopy, double-contrast barium enema, 
colonoscopy and CT colonography. For the selection of the future colorectal cancer 
screening test all benefits and drawbacks have to be studied and weighted.

CT colonography is a structural radiologic examination to evaluate the colorectum 
for polyps and cancers. It has replaced double-contrast barium as preferred imaging 
modality for this purpose [3–5]. After an oral bowel preparation and colonic insufflation, 
an abdominal CT acquisition is performed in both prone and supine position. Images 
are reconstructed to allow for three-dimensional evaluation (i.e. virtual colonoscopy) 
in addition to two-dimensional evaluation (Figure 1). The accuracy for colorectal 
cancer detection of this technique is comparable to colonoscopy and it is also an 
accurate method for the detection of advanced adenomas [6–11]. It is therefore used 
as an alternative for colonoscopy, or when colonoscopy is incomplete. Furthermore 
its role as a potential screening tool is under continuous investigation [10, 12, 13]. 
The less invasive character of CT colonography compared with colonoscopy (e.g. no 
sedation, less purgative bowel preparation and only small flexible rectal catheter 
in the rectum for the insufflation) may have important advantages in terms of 
acceptance and therefore likely the adherence in screening.

Boellaard.indd   8 4-11-2013   9:22:08
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1

Figure 1 shows correlative three-dimensional (left) and two-dimensional (right) CT colonog-
raphy images. The three-dimensional (virtual colonoscopy) viewing method shown here is 
called the ‘unfolded cube method’. A 15 millimetre pedunculated villous adenoma is pointed 
out with the solid white arrows. The dashed arrow shows the content of the bowel that is 
tagged with iodinated contrast medium, and is therefore white on the image. Notice that 
there is contrast material posterior to the polyp on the two-dimensional image. On the 
three-dimensional image the contrast material is not seen because it has been electronically 
removed using ‘electronic cleansing’. The bowel pointed out with the dashed arrow is very 
well distended. One can imagine this causes stretching of the bowel wall and therefore co-
lonic cramps. Finally notice that on the two-dimensional images not only the colon is seen 
but also other abdominal (extracolonic) structures.

Insufflation of the colon is required to visualise the complete colonic wall. 
Colonic insufflation can be performed manually and with room air, but automatic 
insufflation of carbon dioxide is the preferred method [5, 14]. Furthermore, the use 
of two scan positions increases the number of segments with adequate distension 
[15]. Unfortunately the insufflation causes painful colonic cramps and affects the 
acceptance of the technique [16–18]. To reduce colonic cramps a spasmolytic 
(hyoscine butylbromide or glucagon hydrochloride) is often given before insufflation. 
The spasmolytic may also improve distension and possibly reduce image artefacts. 
No differences have been detected in a direct comparison of distension and burden 
between both spasmolytics [19]. Although spasmolytics reduce the colonic spasms, 
the colonic cramps still cause considerable pain and burden. In some studies, the 
pain and burden even compare unfavourable with colonoscopy under conscious 
sedation [16–18, 20]. Reduction of insufflation pain may improve CT colonography 
acceptance. Therefore efforts should be made to further reduce the pain and burden 
of CT colonography insufflation.

CT colonography is performed after an oral bowel preparation as otherwise 
colorectal cancer and polyps will be obscured by stool. Although the CT 
colonography preparations are generally less purgative than in colonoscopy, some 
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purgation is desired to create mixing of bowel content and tagging agent (iodine 
and/or barium) [5]. Tagging causes a large contrast between bowel content and 
colonic lesions because it increases the CT value of the fluid or stool as compared to 
the bowel wall and lesions. Well-tagged fluid levels make optimal CT colonography 
reading possible. Another advantage of tagging is that it allows less purgative 
bowel preparations and the use of electronic stool removal (electronic cleaning). 
Less purgative bowel preparations do however make a full colon three-dimensional 
evaluation impossible as either the contrast material obscures the colonic wall or 
- in case of electronic cleansing - substantial artefacts (‘floating debris’) interfere 
with reading the examination [21]. This is a limitation as a combination of two-
dimensional and three-dimensional read is considered state of the art [14, 22]. The 
lack of a three-dimensional read is detrimental to all but especially to inexperienced 
readers. In these individuals a primary three-dimensional read (initial three-
dimensional read with two-dimensional problem solving) has been shown to lead 
to improved polyp sensitivity and is therefore mandatory for these readers [23]. An 
improved electronic cleansing algorithm may allow for the combination of a reduced 
preparation and three-dimensional reading. Further reduction of burden of the oral 
bowel preparation would be beneficial for CT colonography acceptance, especially 
when omitting the oral bowel preparation would be possible.

Dual-energy CT is not a new technique, but since a few years simultaneous 
acquisition of low- and high voltage scans (e.g. 80 or 100 and 140 kV) is possible [24]. 
The information that is thus obtained enables more accurate differentiation between 
tissues types with different effective atomic numbers [25]. Dual-energy CT has the 
ability to differentiate iodine or barium very well from other tissues or materials with 
lower atomic numbers.  Additionally iodine-only images can be created with post-
processing. One dual-energy CT colonography study has evaluated the feasibility 
of characterising lesions by their uptake of intravenous iodine contrast medium 
only [26]. This may obviate the need for an oral bowel preparation. These authors 
were able to differentiate colorectal cancer from non-enhancing (non-tagged) stool 
using intravenous contrast medium uptake. This study however concerned only one 
colorectal cancer. Whether all colorectal cancers are visible on dual-energy CT and 
whether iodine-only images may improve the detection is unknown.

CT systems use ionising radiation dose which may cause damage to DNA and 
therefore result in cancer later in life [27]. Therefore one has to use the lowest 
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1
radiation dose possible. CT colonography scan parameters were initially based on 
clinical abdominal CT protocols, and later on were adjusted to lower dose settings. 
Dose reduction is possible because essential differences exist between the two 
examinations with regard to the kind of details that have to be visualised. In clinical 
intravenous contrast medium enhanced abdominal CT subtle contrasts between the 
different soft tissues are important and may be obscured when the images are too 
noisy. Therefore, a relatively high dose is required in order to reduce the noise. In 
CT colonography examinations, on the other hand, target lesions (colorectal cancer 
and adenomatous polyps) remain visible in much noisier images [28]. This is due to 
the large contrast between the bowel wall and intraluminal gas. The use of newer 
CT equipment with more efficient use of radiation dose or new reconstruction 
techniques (e.g. iterative reconstruction algorithms) as well as stricter guidelines 
may contribute to a reduction in radiation dose [14, 29–32]. Therefore the benefit-
risk ratio may change over time and the radiation risk has to be weighed against the 
potential benefits of screening with CT colonography.

For the selection of a screening tool, costs are important. Studies indicate that 
CT colonography may be less cost-effective as compared to other screening 
options [33, 34]. However, these studies were based on assumed unit costs for CT 
colonography while a recent evaluation of actual costs showed substantial lower 
costs than assumed [35]. Nevertheless, costs reduction is important for cost 
effectiveness of any test and to reduce CT colonography costs, alternative reading 
strategies with radiographers have been studied [36, 37]. For assessment of lesions 
inside the colon (intracolonic findings) radiographers can be equally accurate to 
a radiologist [36–38]. Apart from intracolonic findings, lesions outside the colon 
(extracolonic findings) may be visible on the CT colonography. In symptomatic 
patients the assessment of extracolonic lesions is important and part of staging, 
such as colorectal liver metastases or lymphadenopathy in a contrast-enhanced 
CT colonography. Important extracolonic findings are relatively frequent in these 
patients [39]. In a screening population the target lesions are located in the colon 
and it is unclear whether the extracolonic findings on a low-dose, non-enhanced 
CT colonography are boon or bust. As compared to the symptomatic population, 
important extracolonic findings are much less common [9]. Some findings however, 
require further work-up or treatment. In a screening setting cost-saving strategies 
can be considered, such as the use of radiographers.

Boellaard.indd   11 4-11-2013   9:22:09
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Outline of the thesis

This thesis is focused on refining CT colonography methods. Although CT colono-
graphy has some important advantages compared with other diagnostic and 
screening tests, it necessary to work on its imperfections and thereby refine the 
technique. In this thesis we investigate several options to improve CT colonography 
aspects or the knowledge about these aspects. Reading strategies, cost-effectiveness, 
knowledge on radiation exposure, colonic insufflation, choice of spasmolytic, bowel 
preparation and image processing are aspects addressed in this thesis.

In order to be competitive with other screening options, the cost-effectiveness of 
CT colonography has to be improved. Radiographers can read CT colonography for 
intracolonic findings and this may be a cost-reducing strategy [35, 38]. However a 
radiologist has to read all scans for extracolonic findings. In chapter 2 we therefore 
assess the feasibility of training radiographers to triage CT colonography for 
extracolonic findings. If radiographers can perform an effective triage, the radiologist 
has to read only a small proportion of all screening CT colonographies.
Knowledge about the benefit-risk ratio of a test is important. The benefit of CT 
colonography in terms of yield is well known, but the radiation risk may change over 
time due to new guidelines and more radiation efficient CT equipment. We therefore 
performed an inventory among international researchers on CT colonography to 
determine the currently used effective radiation dose for different CT colonography 
indications, which we describe in chapter 3.
Chapter 4 is a narrative review in which we summarise the literature on two 
important CT colonography aspects: radiation dose and colonic insufflation. Colonic 
insufflation is required for CT colonography because accurate polyp detection is 
only possible in adequately distended segments. Unfortunately insufflation causes 
painful cramps that limit the acceptance of this technique. Apart from the use of 
spasmolytics, no efforts have been made to reduce CT colonography insufflation 
pain. In chapter 5 and 6 we described the protocol and results of our randomised, 
double-blind, placebo-controlled trial to evaluate the value (especially the analgesic 
effect) of alfentanil in CT colonography. We hypothesised that alfentanil would 
provide a maximum insufflation pain reduction of 1.3 points on an 11-point numeric 
rating scale.
Until now no differences in burden and distension have been objectified between 
the two commonly used spasmolytics for CT colonography. In chapter 7 we 
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1
compared the distension and burden between these two spasmolytics within a large 
population screening trial.
The bowel preparation is considered a burdensome aspect of CT colonography and 
therefore omitting the bowel preparation would be advantageous, especially for 
frail and elderly patients. In these patients the primary goal of the examination is 
the detection of colorectal cancer while the detection of polyps is less important. 
A technique with intravenous contrast medium and dual-energy CT may allow 
cancer detection. In chapter 8 we describe a feasibility study in which we study the 
visibility of colorectal cancers using intravenous contrast medium (no oral bowel 
preparation) and dual-energy CT and the additional value of iodine-only images.
When using a bowel preparation the preparation should be as minimal as possible. 
Although two-dimensional evaluation is possible with a minimal preparation, three-
dimensional evaluation is currently not possible because of cleansing artefacts. 
However, the combination of both two-dimensional and three-dimensional images 
is deemed necessary for an optimal evaluation. Therefore we developed and tested 
a new cleansing algorithm aimed to allow three-dimensional evaluation in minimally 
prepared CT colonography, which we describe in chapter 9.
In chapter 10 and 11 we provide a summary of this thesis with our conclusions and 
implications.
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Abstract

Objectives: Radiographers have been shown to be capable CT colonography 
observers. We evaluated whether radiographers can be trained to triage screening 
CT colonography for extracolonic findings.

Methods: Eight radiographers participated in a structured training programme. 
They subsequently evaluated extracolonic findings in 280 low-dose CT colonograms 
(cases). This dataset contained 66 cases with possibly important findings (E3) and 
27 cases with probably important findings (E4) [classification based on the highest 
classified finding (C-RADS)]. The first 40 and last 40 CT colonograms were identical 
test cases. Immediate feedback was given after each reading, except for test cases. 
Radiographers triaged cases based on C-RADS classification and indicated the need 
for a radiologist read. We constructed learning curves for correct case triaging by 
calculating moving averages.

Results: In the final test series, 84/120 (70%) cases with E3 or E4 findings and 139/200 
(70%) without E3 or E4 findings were correctly triaged. Correct identification of 
cases with E3 findings improved with training from 46/88 (52%) to 62/88 (70%) (P < 
0.0001) but not for E4 findings [both 22/32 (69%) P = 1.00].

Conclusions: Radiographers improve after training in correctly triaging extracolonic 
findings at CT colonography but do not reach a high enough accuracy to consider 
their structural involvement in screening.

Key points
• Radiographers were trained to triage CT colonography for extracolonic findings.
• After training, radiographers improved sensitivity for likely unimportant 

findings.
• After training, radiographers did not improve sensitivity for possibly important 

findings.
• Radiographers should probably not be expected to identify all extracolonic 

findings.
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Introduction

Computed tomography (CT) colonography is currently adopted as one of the 
recommended screening tools for colorectal cancer and advanced adenomas 
by the American College of Radiology, the American Cancer Society, and the U.S. 
Multisociety Task Force on Colorectal Cancer [1]. Apart from yield and participation, 
costs have to be considered in the selection of a screening test. Recently doubts were 
raised about the cost-effectiveness of CT colonography compared with established 
screening techniques [2]. A modelling study estimated that CT colonography costs 
should not exceed 43% of colonoscopy costs to be cost-effective [3]. One should 
therefore scrutinise all aspects of CT colonography screening contributing to the 
total cost, including reading strategies.
A potential approach to reduce costs is reading of CT colonography images by 
radiographers. Radiographers have been demonstrated to be as accurate as 
radiologists in reading CT colonograms for intracolonic findings in a single read 
strategy [4, 5]. When such a strategy is implemented, images still require additional 
reading for examining extracolonic findings. In the asymptomatic screening 
population the incidence of potentially important extracolonic incidental findings 
is estimated at about 10%, which results in about 2.5% relevant new diagnoses [6]. 
With radiographers as readers for the intracolonic findings in screening, having an 
additional radiologist read for extracolonic findings in all CT colonograms would be 
less practical.
Radiographers may also be capable of evaluating extracolonic findings after 
sufficient training. Previous studies have demonstrated that radiographers can 
accurately read mammograms [7], plain x-rays [8], intravenous pyelograms [9] and 
double-contrast barium enemas [10]. Much lower accuracy results have been seen 
in a study in which non-radiologists evaluated paediatric brain CT but no dedicated 
training was given in that study [11].
Before radiographers can triage CT colonography examinations for extracolonic 
findings, they should achieve competence. We evaluated the accuracy and learning 
curve of formally trained radiographers in triaging extracolonic findings in CT 
colonography.
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Methods

A research grant was received from the Nuts Ohra Foundation (Amsterdam, 
the Netherlands). The Nuts Ohra Foundation was not involved in designing and 
conducting this study, did not have access to the data, and was not involved in data 
analysis or preparation of this manuscript.
We trained consenting radiographers to triage CT colonograms for extracolonic 
findings using a training programme comprising two parts: a basic training and 200 
feedback training cases (see flow chart, Figure 1). Before and after the feedback 
training cases, radiographers triaged the same 40 CT colonograms (initial and final 
test cases). In this study, the radiographers did not assess CT colonograms for 
intracolonic findings.

Figure 1 Flow chart of the study

Basic training cases
For the initial training part of the programme (basic training), 100 clinical abdominal 
CT examinations were used: 40 CT examinations were enhanced with intravenous 
contrast medium, 54 were unenhanced and 6 were low-dose CT colonograms. One 
hundred CT examinations were assumed to be the minimum for the radiographers 
to become acquainted with the most important and/or frequent extracolonic 
findings (Table 1) [12–14]. All CT examinations had been performed with two CT 
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systems: 4-slice (Mx8000; Philips Healthcare, Best, the Netherlands) and 64-slice 
(Brilliance, Philips Healthcare) CT systems. A radiology research fellow (T.N.B.) 
searched the radiologists’ reports from consecutive clinical CT examinations. 
Important and/or frequent diagnoses were tallied at least one time. For difficult 
lesions (e.g. bone metastasis, lymph nodes and adrenal lesions) more examples were 
selected to supplement the dataset. For lesions not found in consecutive clinical CT 
examinations, examples were obtained from subspecialist radiologists of the area 
required. All selected CT examinations that were considered representative by an 
abdominal radiologist (J.S.) were included and subsequently anonymised.

Feedback training and test cases
The local medical ethics committee waived informed consent for this specific study 
because the 200 feedback training cases and 40 test cases were derived from 
three existing CT colonography study databases containing both symptomatic and 
asymptomatic individuals [15–17]. The local medical ethics committee has approved 
these studies, in which all included study participants gave informed consent. These 
studies were performed with the same 4-slice and 64-slice CT systems, with which 
65 and 175 unique CT colonograms respectively were assessed. All CT colonograms 
were obtained in both prone and supine position, using low-dose protocols and 
without intravenous contrast medium. Participants underwent an iodine contrast 
bowel preparation, in one study combined with barium.
From the three studies all CT colonograms with either an E3 or E4 finding according 
to the C-RADS classification were included in the dataset (Table 2) [15–17]. For each 
CT colonogram with an E3 or E4 finding, two consecutive enrolled CT colonograms 
without E3 or E4 findings were added from the same study. This resulted in a dataset 
of 234 CT colonograms, to which 6 consecutive cases without E3 or E4 findings were 
added to create a dataset of 240 cases. The 200 feedback training cases contained 
44 E3 and 19 E4 cases according to the reference standard (Tables 2 and 3). The 200 
feedback cases were preceded and followed by an additional set of 40 cases, which 
constituted the initial and final tests. The tests contained 11 E3 and 4 E4 cases (Tables 
2 and 3). The CT colonograms in the two tests were identical. Cases for the final test 
were arranged in a randomised order using the ASELECT function in Excel 2003. 
Observers were not aware that the CT examinations for both tests were identical, 
nor that these served as a test. Both feedback training cases and test cases were 
anonymised, using a custom-made computer program that automatically removed 
all patient data.
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Organ Finding C-RADS
Liver Calcification E2

Simple cyst E2
Cirrhosis E3
Enlarged E3
Solid mass E3
Solid mass in 
cirrhotic liver

E4

Multiple solid 
masses

E4

Steatosis E2
Biliary Aerobilia E2

Cholecystitis E3
Calcified gallbladder 
wall

E2

Dilated biliary tract E3
Gallbladder hydrops E3
Stones/sludge E2
Tumour E4

Pancreas Atrophy E2
Calcifications (> 1) E3
Cyst E3
Dilated pancreatic 
duct

E3

Oedema E3
Solid mass E4

Spleen Accessory spleen E1a
Calcification(s) E2
Cyst E2
Enlarged E3
Solid mass E4

Adrenal Hyperplasia E2
Mass/adenoma 1–4 
cm

E3

Mass or adenoma 
> 4cm

E4

Urinary tract Bladder stone E2
Calcification 
parenchyma

E2

Complex cyst E3
Dilatation urinary 
tract

E4

Fatty lesion 
(angiomyolipoma)

E3

Horseshoe kidney E2
Mono kidney E2

Organ Finding C-RADS
Polycystic kidney 
disease

E4b

Small kidney E2
Small kidneys E4b
Simple cyst E2
Solid renal mass E4
Stone < 5 mm in 
urinary tract

E2

Stone > 5 mm in 
urinary tract

E3

Aneurysms Aorta 3–5 cm E3
Aorta > 5 cm E4
Iliac > 1.5 cm E3
Iliac > 2.5 cm E4
Hepatic, splenic or 
renal artery

E3 or E4

Lymph nodes Enlarged E4
GI Diverticulosis E2a

Tumour 
(extracolonic)

E4

Hernia Abdominal wall E2
Diaphragmatic E2
Inguinal E2
Umbilical E2

Prostate Calcifications E2a
Hypertrophy E2
Signs of malignancy E4

Ovaries Complex cyst E3
Enlarged ovary E4
Simple cyst < 3 cm E2
Simple cyst > 3 cm E3
Solid mass E4

Uterus Enlarged E2
Masses E2 or E3

Ascites Small amount in 
fertile women 
(Douglas)

E2

Other E3
Pulmonary Atelectasis E2 or E3

Bullae/emphysema E2
Calcified nodule E2
Ground glass E3
Ground glass in small 
amount posteriorly 
located

E2

Table 1 Extended version of C-RADS classification for radiographers. This version is based 
on the original classification as proposed by Zalis et al. [20]
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Organ Finding C-RADS
Nodule < 4 mm E2
Nodule 4–9 mm E3
Nodule ≥ 10 mm E4
Pleural thickening 
with or without 
calcifications

E2

Pleural effusion E3
Tumour or multiple 
nodes

E4

Heart Pericardial effusion E3
Coronary 
calcifications 

E2a

Skeletal Atypical cyst E3
Cyst E2
Degenerative 
changes

E2a

Haemangioma E2
Possible metastasis E4
Solid lesion E4
Schmorl’s node E2a
Spondylolisthesis E2

a not necessary to report
b in case no transplantation kidney is present Feedback training and test cases

Table 2 The original C-RADS classification as proposed by Zalis et al. and the number of CT 
colonograms classified E1–E4 in the initial and final test cases and the feedback training 
cases [20]

C-RADS Definition Examples Test 
cases 
(n)

Feeback 
cases 
(n)

E1 Normal exam or normal variant Retro-aortic left renal vein 22 82
E2 Clinically unimportant finding Simple cyst in the liver/kidney, 

gallbladder stones, vertebral 
haemangioma

3 55

E3 Likely unimportant finding; 
Incompletely characterised

Minimally complex or 
homogeneously hyperattenuating 
cyst

11 44

E4 Potentially important finding Solid renal mass, 
lymphadenopathy, lung nodule 
≥ 1 cm

4 19

Total 40 200
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Reference standard
All CT colonograms were prospectively read for extracolonic findings by an 
abdominal radiologist. This observer was not blinded to the intracolonic findings 
and had access to previous patient history. A second abdominal radiologist (C.Y.N.; 
previous experience approximately 100,000 abdominal CT examinations and > 1,000 
CT colonograms) retrospectively read all included anonymised CT colonograms to 
reduce the chance of visual errors and to ensure a correct C-RADS classification. 
After being informed of the possibly (E3) and probably (E4) important findings of 
the previous report, the second experienced abdominal radiologist gave his final 
judgement, which served as the reference standard in this study.

Observers
Thirteen radiographers were recruited using posters at our radiology department. 
After additional information, ten continued with the training programme. Seven 
worked with CT systems during their daily work. Three radiographers had previous 
experience with reporting intracolonic findings, but none of them had reported 
extracolonic findings before. For detailed information about the radiographers’ 
experience see Table 4. The observers performed their training primarily in their 
own time.

Training programme—basic training
All ten radiographers completed the basic training programme. The programme 
consisted of five components: study assignments, instruction manuals, presentation, 
hands-on training and watching expert reading. Radiographers were asked to study 
two correlative anatomy-imaging course books, including anatomical illustrations 
with corresponding axial CT images and to read two articles concerning the 
evaluation of abdominal lymph nodes and adrenal gland masses, as these are 
relatively frequent findings that require more insight [18, 19]. A course book about 
pathology in abdominal organs was given as reference. An instruction manual was 
provided to guide the observers through the CT examination step by step. For each 
organ the optimal window was indicated as well as what abnormalities to look for 
and what to measure. Observers also received an extended version of the C-RADS 
classification for extracolonic findings (Tables 1 and 2) [20].
The 16 hour training programme was given by an experienced abdominal radiologist 
(J.S.) and a research fellow (T.N.B.). Observers were familiar with the PACS system 
(Agfa IMPAX client, version 5.3) prior to the study, but received additional training 
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on certain aspects, such as HU measurements. The C-RADS classification system 
was discussed followed by six normal anatomy CT examinations, of which three 
contained series with intravenous contrast medium, to see the anatomy in full detail 
[20]. Thereafter for every organ, the anatomy and all frequent and/or important 
extracolonic findings were discussed. Subsequently hands-on training was given 
using training cases with findings in that organ. Individual training was given for 
the most difficult 15 cases by an experienced abdominal radiologist (J.S.). Clinical 
background was presented where considered appropriate (e.g. clinical importance 
of a cystic pancreatic lesion compared with a simple renal cyst). Imaging findings 
were presented with emphasis on differentiating normal (E1) and frequent non-
relevant extracolonic findings (E2) from other findings. We did not teach differential 
diagnoses for possible important extracolonic findings.

Training programme—feedback
Eight of the ten radiographers reported all 280 CT colonograms (200 feedback cases 
and two times 40 test cases) for extracolonic findings in an electronic case record 
form. One could not continue for personal reasons, and one found it more time 
intensive than anticipated and stopped. Radiographers evaluated all examinations 

Table 4 Experience and daily work of the radiographers (R) 
ED Emergency department, C conventional X-ray, M mammography, P paediatric, 
CT computed tomography, CTC computed tomography colonography, MRI magnetic 
resonance imaging
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for C-RADS E2–E4 findings and performed size and HU measurements when 
appropriate. They expressed their level of confidence for every extracolonic finding 
on a ten-point scale and indicated whether or not they felt confident enough to read 
the case without a second read by a radiologist. A case was considered positively 
triaged by radiographers where one or more E3 findings (‘E3 case’) or E4 findings 
(‘E4 case’) were reported or where the need for read by a radiologist was indicated. 
Reading time per case was also documented.
For the 200 feedback cases, immediate feedback from the reference standard 
was disclosed for each case after findings had been submitted, as well as possible 
work-up and a final diagnosis for E3 and E4 lesions. For feedback cases observers 
were allowed to ask for further explanation by an abdominal radiologist; if this 
occurred this was documented. A third experienced abdominal radiologist (J.S.; 
previous experience approximately 40,000 abdominal CT examinations) evaluated 
the CT colonograms when a radiographer reported an E3 or E4 finding that did not 
correspond with the reference standard.

Statistical analysis
The findings of the observers were compared with the reference standard. For the 
initial and final test the sensitivity and specificity were calculated for all observers 
combined using the McNemar’s test. An E3 or E4 case was defined as a case in 
which the highest classified lesion by the reference standard was an E3 or E4 finding 
respectively.
For individual observers and all observers combined, learning curves for case 
sensitivity and specificity were constructed using a moving average technique 
(window of 60 cases and steps of 20 cases). A learning effect for case sensitivity 
and specificity was studied using binary logistic regression with number of cases as 
the independent variable. Sensitivity and specificity pairs were plotted in receiver 
operating characteristic (ROC) space, with sensitivity for E3 and E4 combined as the 
true positive rate and the corresponding false positive rate.
A reading time analysis was performed using a moving average (window of 20 cases 
and steps of 10 cases). The average reading time for the initial and final 40 test cases 
was compared using a paired t-test. Reader confidence for the initial and final 40 test 
cases was compared with a Wilcoxon rank-sum test. All analyses were performed 
using SPSS 16.0.2.1. In statistical tests P values smaller than 0.05 were considered to 
indicate statistical significance.
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Results

Exams
In the initial test, eight radiographers combined had a sensitivity of 52% (46/88; 
95% CI: 42–63%) for E3 cases and 69% (22/32; 95% CI: 52–86%) for E4 cases. For 
the final test the average sensitivity was 70% (62/88; 95% CI: 61–80%) for E3 cases 
and 69% (22/32; 95% CI: 52–86%) for E4 cases, a significant increase of 18% for E3 
cases (P < 0.0001) and no difference for E4 cases (P = 1.00). The combined specificity 
decreased from 83% (165/200; 95% CI: 77–88%) in the initial test to 70% (139/200; 
95% CI: 63–76%) in the final test (P < 0.0001). The radiographers’ average reading 
time per case decreased from 11:51 minutes to 4:13 minutes (P < 0.0001). Median 
radiographers’ confidence for all reported lesions increased from 8 out of 10 at the 
initial test to 9 out of 10 in the final test (P < 0.0001).

Learning curve
The case sensitivity learning curves for E3 and E4 for individual radiographers and 
eight radiographers combined are shown in Figure 2a–d. The specificity learning 
curves are shown in Figure 2e, f and the reading time curves in Figure 2g, h. The ROC 
plot shows that with an increase in the proportion of true positives (sensitivity) the 
proportion of false positives also increased (Figure 3).
In triaging E3 cases there was a significant positive learning effect for three 
radiographers; for E3 and E4 cases combined the learning effects were significant 
for two radiographers (Table 5). In correctly identifying E4 cases only, none of the 
radiographers achieved a significant learning effect. None of the radiographers 
showed a significant learning effect in specificity (Table 5).
In 15 cases, the additional findings by radiographers resulted in an altered case 
classification from E1 or E2 to E3. None of the cases with an altered classification 
were test cases. No follow-up was performed as a result of these findings. The median 
number of days needed to report the 200 training cases was 57 days (range 28–115). 
The eight radiographers combined asked 116 questions to the abdominal radiologist 
about the feedback cases; these included 112 questions about radiographers’ 
findings that were not in the reference standard.
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Figure 2a

Figure 2b

Figure 2c
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Figure 2d

Figure 2e

Figure 2f
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Figure 2a–h Learning curves for radiographers. a Average sensitivity for E3 cases and b 
for radiographers individually. c Average sensitivity for E4 cases and d for radiographers 
individually. e Average specificity and f for radiographers individually. g Average reading time 
and h for radiographers individually

Figure 2g

Figure 2h
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Table 5 Binary logistic regression results of individual radiographers (R) for sensitivity (E3, 
E4 and combined) and specificity on a per-case basis. The regression coefficient B and the 
results of the Wald test are shown. Positive values of B indicate a learning effect

Radiographer B SE P value
E3 & E4 sensitivity

R1 0.028 0.010 0.005**
R2 0.003 0.008 0.693
R3 0.004 0.009 0.630
R4 0.007 0.008 0.402
R5 0.029 0.009 0.002**
R6 0.014 0.008 0.091
R7 0.000 0.009 0.993
R8 0.011 0.010 0.281

E4 sensitivity

R1 0.063 0.060 0.293
R2 -0.054 0.053 0.313
R3 0.121 0.072 0.095
R4 0.021 0.054 0.705
R5 0.088 0.058 0.129
R6 -0.032 0.052 0.541
R7 -0.056 0.059 0.345
R8 0.018 0.060 0.767

E3 sensitivity

R1 0.042 0.016 0.010**
R2 0.017 0.014 0.234
R3 -0.006 0.014 0.694
R4 0.010 0.013 0.469
R5 0.043 0.016 0.008**
R6 0.034 0.015 0.020*
R7 0.009 0.014 0.526
R8 0.019 0.017 0.281

Specificity

R1 -0.003 0.003 0.276
R2 -0.000 0.004 0.924
R3 -0.004 0.003 0.179
R4 -0.001 0.003 0.658
R5 -0.005 0.003 0.172
R6 -0.004 0.004 0.357
R7 -0.002 0.004 0.656
R8 -0.004 0.003 0.213

*P < 0.05, **P < 0.01
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Discussion

This study shows that a dedicated formal training programme can lead to a significant 
increase in the sensitivity of radiographers in triaging E3 cases, without an increase 
in correctly triaging E4 cases. The overall triaging sensitivity and specificity at the 
end of the training were about 70%, with substantial individual variation. There was 
a significant increase in reader confidence accompanied by a significant decrease in 
reading time. Specificity decreased after training, although this decrease was not 
significant for individual observers.
As shown previously, radiographers are capable of reading CT colonography for 
intracolonic findings [4, 5], but our results did not show high enough accuracy after 
training to facilitate an effective triage for extracolonic findings. The learning effect 
for triaging E3 findings at the end of training suggests that the maximum sensitivity 
may not yet have been reached with the number of training and feedback cases we 
offered. We were disappointed to learn that there was no learning effect for E4 cases 
and that specificity was low. The large number of different lesions, the differential 
diagnoses and the conspicuity of some lesions are plausible causes for the difficulty 
that radiographers had in reporting extracolonic findings. This is different from 

Figure 3 Receiver operating characteristic (ROC) space for radiographers’ average proportion 
of true positives (sensitivity) for E3 and E4 combined versus the average percentage of false 
positive cases without E3 and E4 lesions. Each point in the ROC space indicates a time point in 
the learning curve. 1 indicates the first time point and 12 indicates the last time point
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other learning curve studies concerning the evaluation of one organ with a limited 
number of differential diagnoses (e.g. intracolonic findings).
A recent study by Liedenbaum et al. showed that for reporting intracolonic findings, 
novice readers needed on average 164 CT colonograms with feedback to reach a 
desired level of competence [5]. In this study one of three radiographers reached 
sufficient competence within 164 CT colonography cases. As in our study, there were 
considerable differences in the individual performances of the radiographers. Some 
radiographers achieved very good sensitivity for the final test, but the specificity of 
these observers was below average. The increased reader confidence and reduced 
interpretation time observed in our study are encouraging findings, but of lesser 
importance than accuracy.
Apart from the possible lack of sufficient training, other important factors that 
may affect radiographer’s capability in reading extracolonic findings are aptitude 
and level of professional education. Based on this study we cannot determine 
whether the latter two factors are principal factors that—despite a modified training 
programme—will preclude radiographer reading of extracolonic findings.
We invested substantial effort in the training programme. We ensured the training 
programme was not just formal and reproducible, but also extensive. It included all 
frequent and important extracolonic findings. We attempted to make the training fit 
well with radiographers’ knowledge. For an optimal learning effect, radiographers 
were blinded from feedback until submitting the report of a case. Only highly 
motivated radiographers participated, because free time had to be invested. We 
helped the radiographers with classifying lesions, by providing an extensive C-RADS 
classification. Furthermore, new findings of radiographers were evaluated by an 
independent experienced abdominal radiologist.
A number of limitations have to be acknowledged. The dataset proved to be too 
small, as sensitivity and specificity did not seem to reach a plateau phase. We 
estimated the number of cases needed to triage important findings, without data to 
support our assumptions. Our training programme may also not have been optimal 
for this specific group of observers. It was developed based on earlier experience 
by several groups who were successful in training non-radiologists to read imaging 
studies [5, 11, 21]. We combined both knowledge transfer and hands-on experience 
in a structured programme with direct feedback. Additional findings by the eight 
radiographers combined in 15 cases altered the case classification from E1 or E2 into 
E3. All of these CT colonograms were feedback training cases; they did not influence 
the estimated sensitivity of the examination cases. The order of training cases was 
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not randomised to make sure that lesions were well distributed over the dataset. 
The prevalence of extracolonic findings in this dataset was higher than in screening 
and results may be different in a screening population. Finally, we would like to 
mention that we performed multiple tests and some of the statistically significant 
results may have occurred by chance.
Our findings suggest that a radiographer-only strategy for screening CT colonography 
is not a viable option to further reduce the costs of screening CT colonography. 
Based on the triaging results shown in this study, the number of CT colonograms that 
would have to be read by a radiologist in a screening setting would still be around 
40%, while probably missing lesions. Even if performance had been comparable to 
that of a radiologist, medicolegal aspects of having CT colonography examinations 
read by radiographers and a radiographer-only reading strategy may have been a 
hurdle in many countries.
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Abstract

Rationale and objectives: Radiation dose is an important drawback of computed 
tomography (CT) colonography, especially for its use as a screening tool for 
colorectal cancer. It is therefore important to know the present radiation dose. Our 
objective is to assess the effective radiation doses used for CT colonography and its 
trend over time.

Materials and methods: Institutions performing CT colonography research were 
asked to provide their CT colonography protocols. Median effective doses were 
calculated and compared with a 2007 inventory. Separate analyses were performed 
for protocols using intravenous contrast medium and for academic versus 
nonacademic institutions. Differences in effective dose were tested for significance, 
using Wilcoxon rank-sum or Wilcoxon signed-rank test.

Results: Sixty-two of 109 (57%) institutions responded, providing protocols for 
58 institutions. Median effective dose for daily practice protocols was 7.6 mSv 
(4.3 mSv and 2.0 mSv for supine and prone, respectively) and for screening 
4.4 mSv (2.6 mSv and 2.0 mSv, respectively; P = 0.01). For daily practice with and 
without contrast medium, the median effective doses were 10.5 mSv and 4.0 mSv 
(P < 0.001), respectively. Academic and nonacademic institutions used similar doses 
(all comparisons P > 0.05). For institutions also participating in the 2007 inventory, 
effective dose for both daily practice and screening protocols were similar (P > 0.05).

Conclusion: In 2011 the median effective radiation dose for daily practice protocols 
was 7.6 mSv and for screening 4.4 mSv. Median effective doses have not decreased 
as compared to 2007. Academic and nonacademic institutions use similar radiation 
dose.
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Introduction

Computed tomography (CT) colonography is an accurate diagnostic test for the 
detection of colorectal polyps and cancer [1–3]. In clinical practice this structural 
radiological examination is used as an alternative for colonoscopy and when 
colonoscopy is incomplete. CT colonography is also an accepted method for 
colorectal cancer screening [4]. However, the US Preventive Services Task Force 
did not recommend CT colonography for colorectal cancer screening [5], among 
other reasons, because of the radiation exposure and its concurrent risks. Although 
the benefits of CT colonography in screening greatly outweigh the possible risks 
of CT colonography, there are important reasons to have the lowest possible dose 
[6]. A reduced dose and subsequent improved benefit-risk ratio will improve the 
acceptance of the technique amongst professionals and screening participants.
In 2007 a questionnaire was performed to determine the median effective radiation 
dose for screening and daily practice CT colonography protocols among research 
institutions. The median effective radiation dose was 5.7 mSv and 9.1 mSv, respectively 
[7]. Several studies have shown that the radiation dose for CT colonography can 
be reduced to 1 mSv per acquisition (i.e. 2 mSv for an examination consisting of a 
prone and supine scan, with excellent diagnostic performance for polyp detection) 
[8–11]. The effective radiation dose for screening as reported by the participating 
institutions could therefore approximately be lowered by a factor of three. This 
might substantially improve the benefit-risk ratio of this technique as the dose is 
linear related to the risk of cancer induction, which is especially important for CT 
colonography for screening.
Several CT colonography guidelines have been published [12–14]. These guidelines 
give some indication about the technical requirements and CT parameters to use. 
Implementation of these guidelines may have contributed to dose reduction in CT 
colonography protocols. Further, new technical developments such as automatic 
current selection, tube current modulation, and improved reconstruction techniques 
may have led to radiation dose reduction in CT colonography since 2007 [15–19]. 
Furthermore the widespread use of CT systems with more than four detector rows 
reduces the unnecessary radiation from overbeaming, although overranging can 
increase radiation with these modern CT systems [20].
Intravenous contrast medium in CT colonography is administered for better 
evaluation of extracolonic findings. For adequate visualization of extracolonic 
findings a higher radiation dose is required. It is therefore important to distinguish 
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radiation dose used in CT colonography protocols with and without intravenous 
contrast medium [12–14].
To our knowledge, no study has evaluated possible differences in CT colonography 
radiation dose between academic and nonacademic institutions. It is expected that 
academic institutions have more specialised knowledge (and physicists) to optimise 
protocols, and may therefore use lower radiation dose. Also, no studies have 
assessed possible radiation dose differences between continents.
In this study we evaluated the radiation dose that is currently used (2011) in CT 
colonography institutions and compare the effective dose with 2007 results [7]. 
We also take into account the use of intravenous contrast medium, the type of 
institution (nonacademic vs. academic) and the geography of the institutions.

Material and methods

Selection Procedure
We performed a search in the PubMed database with the term ‘‘colonography’’ 
with a limit for English written articles between January 1, 2007, and January 1, 
2011. Additionally, we selected abstracts from the European Congress of Radiology 
2010 and Radiological Society of North America 2010. We included all institutions 
who published on the diagnostic accuracy of CT colonography using their own data 
and subsequently contact details of authors were collected. Institutions that were 
selected in previous radiation dose inventories by Jensch et al and Liedenbaum et al 
were also included [7, 21]. An e-mail with attached questionnaire (Table 1) was sent 
to all selected institutions. A reminder e-mail was sent to nonresponding institutions 
after 6 and, if necessary, after 10 weeks. Questionnaires were collected over a 
4-month period starting February 17, 2011. After checking the data for consistency 
and calculating the effective dose, the results were sent to the institutions with a 
request to check the data. For some institutions, additional questions were required 
when ambiguous data had been provided.
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Table 1 The questionnaire sent to CT colonography institutions
CT, computed tomography; CTDIvol, CT dose index; DLP, dose length product. Institutions 
were asked to fill out this questionnaire for all available protocols (daily practice with or 
without intravenous contrast medium, and screening, whatever applicable. Parameters were 
requested for prone and supine position separately).

A CT Scanner
Manufacturer and type

Number of detector rows (1, 2, 4, 8, 16, 40, 48, 64 or 128)

Slice width (mm)

Tube voltage (kV)

Rotation time (s)

Pitch (table feed per rotation / total collimation)

B Only for scans without automatic current selection or tube current modulation
Tube current (mA) or

Tube current x Rotation time (mAs) or

Tube current x Rotation time / Pitch (effective mAs)

C Only for scans with automatic current selection and/or tube current modulation
(for a male patient of ±170 cm and ±70 kg)

Actual length (cm)

Actual weight (kg)

Preset or reference mAs (if available)

Realised CTDIvol (mGy)

Realised DLP (mGy*cm)

Realised average mAs

Length of scan or scans (cm)

Use of X/Y modulation? (Y/N)

Use of Z-modulation? (Y/N)

Effective dose calculations
Calculation of effective doses can nowadays be performed by using one of the 
spreadsheet programs that were developed especially for that purpose [22–24]. In 
previous inventory studies on the radiation dose in CT colonography the ImPACT CT 
Dosimetry spreadsheet was used to estimate the effective doses (www.impactscan.
org/ctdosimetry.htm) [7, 21]. In that spreadsheet, a hermaphrodite is used with a 
length of 170 cm and a weight of 70 kg. We would have preferred to use the same 
spreadsheet in the present study, but this was not feasible because the spreadsheet 
did not contain data for most recent CT scanners. ImPACT closed at the end of 
September 2011.
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In the present study, the CT-Expo spreadsheet was used (version 2.0.1, May 2011) 
for which data of all included scanners were available. This spreadsheet uses two 
phantoms (ADAM with a length of 170 cm and a weight of 70 kg for men, EVA with a 
length of 160 cm and a weight of 60 kg for women; Users Guide CT-Expo V 2.0 Table 
D1). Thus the dimensions of the male phantom equal those of the hermaphrodite 
phantom of the ImPACT CT Dosimetry spreadsheet, whereas the female phantom is 
somewhat smaller. To be congruent with the former studies, we decided to estimate 
one effective dose per protocol for a hermaphrodite of 70 kg. The dose for this 
hermaphrodite is the average of the doses for a 70-kg male and a 70-kg female. The 
dose for a 70-kg male was estimated directly with CT-Expo using the 70-kg male 
phantom. The dose for a 70-kg female was obtained by dividing the dose estimated 
with CT-Expo using the 60-kg female phantom by a correction factor of 1.06. The 
correction factor of 1.06 between a 160-cm, 60-kg body and 170 cm, 70-kg body 
was estimated by leaving the sex-dependant organs away from the Adam and Eva 
phantom and divide the dose calculations with the female phantom (60 kg) by those 
of the male phantom (70 kg).
In the effective dose calculations of a CT colonography examination a CT volume 
acquisition from the diaphragm to the groin was chosen, corresponding to nominal 
anatomical lengths of 43 and 41 cm for the male and female phantoms, respectively. 
Because of overranging, the real CT exposure is somewhat longer craniocaudal, 
depending on the beam width in the scan direction, the pitch, and the CT system 
employed.
As input for the effective dose calculations the type of CT system employed, number 
of detector rows, rotation time, detector row width, pitch value, tube voltage (kV), 
effective tube charge (mAs), and nominal anatomical range had to be specified. We 
used the most recent set of tissue-weighting factors [25].
The effective doses estimated in the present study cannot be compared directly to 
those of previous studies because of the differences in spreadsheet used (ImPACT 
CT Dosimetry vs. CT-Expo) and the differences in tissue-weighting factors (those of 
ICRP 60 for the previous study and of ICRP 103 for the present study). For CT of 
the abdomen, effective doses with the new weighting factors are in the order of 
9% lower than effective doses calculated with the older set of weighting factors. 
For accurate comparison, we recalculated the effective radiation dose from the 
2007 inventory performed by Liedenbaum et al (i.e. the most recent inventory of 
protocols) using the CT-Expo spreadsheet and ICRP 103 weighting factors [7, 25].
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Dose calculations are straightforward when the tube current is fixed, as was the case 
for the first CT colonography dose studies [21, 26]. However, at present the use of 
patient-dependent tube current, or tube current modulation/ automatic exposure 
control, is widespread. In case protocols were specified both with constant and 
with patient-dependent tube current (mA), the latter protocol was included in this 
study. The tube charges reported are effective tube charges (mAs)(which is the tube 
current (mA) * rotation time (s) divided by the pitch). When the (effective) tube 
charge (mAs) was not specified, the mAs value was determined from the computed 
tomography dose index (CTDIvol) value provided by the respondent using the data 
of the CT-Expo spreadsheet.
When patient-dependent tube current (automatic current selection and/or tube 
current modulation) was used, the patient weight was used to estimate the effective 
tube charge for a hermaphrodite of 70 kg). The adaptation values per kilogram 
bodyweight were performed in a similar manner as described by Liedenbaum et 
al [7]. Some respondents provided data for more than 1 patient. In these cases a 
regression of the tube charges (or CTDIvol values) versus the patient weights was 
made, and the estimated tube charge (or CTDIvol values) at 70 kg was used and 
applied in the CT-Expo spread sheet to estimate the effective dose.
Effective radiation dose for screening protocols, daily practice protocols with 
intravenous contrast medium and daily practice protocols without intravenous 
contrast medium were calculated for prone and supine separately.

Statistical analysis
All statistical analyses were performed two-sided, and a P value < 0.05 was 
considered to indicate a significant difference. The effective dose cannot be 
assumed to be normally distributed and therefore the median, interquartile range, 
and range are provided. Differences were tested between screening (asymptomatic, 
average risk individuals) and daily practice protocols (for symptomatic patients), and 
for daily practice protocol with and without intravenous contrast medium and for 
academic (university hospitals) and nonacademic institutions (e.g. general hospitals, 
outpatient clinics). Furthermore, we calculated doses per continent (seven-continent 
model) for different protocol types. To assess the significance of differences in 
effective dose, the Wilcoxon rank-sum test was used. To compare the current 
effective doses for screening and daily practice protocols with those from previous 
inventory we used the recalculated effective doses of the most recent previous 
inventory [7]. For comparison of the effective doses between the same institutions, 
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we used the Wilcoxon signed-rank test. For comparison of all institutions of our 
current inventory and the previous inventory, we used the Wilcoxon rank-sum test. 
To assess differences between protocols with different number of detector rows, 
the Kruskal-Wallis test was performed.

Results

Protocols
Altogether 1378 articles were identified and furthermore 14 research abstracts 
concerning CT colonography. One hundred and nine institutions were selected; 
62 (57%) responded. Three responding institutions indicated not to perform 
CT colonography at this time, one institution did not collect its own data for the 
published diagnostic accuracy study, and two eventually did not provide adequate 
data. The 56 responders that remained (51%) provided sufficient scan parameters 
to calculate the effective radiation dose for 58 institutions (one responder provided 
data for three institutions). These institutions were located in 23 different countries 
and consisted of 44 academic and 14 nonacademic institutions. Institutions were 
located in the following continents: Europe (n = 33), North America (n = 12), Asia 
(n = 7), Australia (n = 5), and South America (n = 1).

Current effective doses
The median effective dose for a CT colonography screening protocol was 4.4 mSv 
(n = 23; range 1.3–12.4 mSv). For prone and supine, the median dose was 2.0 mSv and 
2.6 mSv, respectively. For the daily practice protocols (with and without intravenous 
contrast medium combined), the median effective dose was 7.6 mSv (n = 62, range 
1.3–23.8); 2.0 mSv and 4.3 mSv for prone and supine, respectively. For daily practice 
protocols with intravenous contrast medium, the median effective dose was 10.5 mSv 
(n = 30; range 5.9–19.6 mSv) and without intravenous contrast medium the median 
4.0 mSv (n = 32; range 1.3–23.8 mSv) and this was significantly different (P < 0.001). 
The effective doses of daily practice and screening protocols were significantly 
different (P = 0.01). However, radiation dose of daily protocols without intravenous 
contrast medium did not differ from screening protocols (P = 0.70). Six institutions 
provided both a daily practice protocol without intravenous contrast medium and a 
screening protocol; all six used the exact same parameters for these two indications. 
For all protocol types, no effective dose differences were found between CT systems 
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with different number of detector rows. In Table 2, an overview of scan parameters 
for all protocol types in relation to the number of detector rows is presented.

Geographic variation
In Europe the median effective radiation dose used for screening protocols was 
3.4 mSv (n = 11), compared with Asia 8.1 mSv (n = 4; P = 0.013), North America 
7.3 mSv (n = 7; P = 0.002), and South America 1.3 (n = 1; P = 0.11). For daily practice 
protocols without intravenous contrast medium, no significant differences were 
found between North America 3.7 (n = 8), Europe 4.1 (n = 18), Australia 4.4 (n = 4), 
Asia 4.9 (n = 1), and South America 1.3 (n = 1). In addition, no significant differences 
were found for daily practice protocols with intravenous contrast medium between 
North America 10.2 (n = 3), Europe 10.5 (n = 18), Asia 12.4 (n = 5), and Australia 10.4 
(n = 4).

Academic vs. nonacademic
The effective dose in academic and nonacademic institutions intravenous contrast 
medium the effective median dose was 10.5 vs. 10.9 mSv (n = 25 and 5; P = 0.98), for 
daily practice without intravenous contrast medium, it was 4.1 vs. 4.0 mSv (n = 24 
and 8; P = 0.59) and for screening protocols it was 4.7 vs. 3.8 mSv (n = 16 and 7; 
P = 0.89) for academic and nonacademic institutions, respectively.

Comparison with 2007
The effective dose values for both daily practice and screening protocols did not 
differ significantly from 2007. An unpaired comparison of all daily practice protocols 
showed a median dose of 7.5 and 7.6 mSv for 2007 and 2011, respectively (n = 39 
and 62; P = 0.69). Unpaired comparison for screening protocols showed 4.5 and 
4.4 mSv for 2007 and 2011, respectively (n = 25 and 23; P = 0.72). Paired comparison 
of median effective dose per institutions that participated in both inventories did 
not differ between 2007 and 2011 for both daily practice (6.9 vs. 4.8 mSv; n = 21; 
P = 0.59) and screening protocols (3.8 vs. 3.4 mSv; n = 11; P = 0.45).

Other parameters
The use of four-detector-row CT systems has become rare and the use of 
128-detector-row CT systems more common. All but one institution used a tube 
voltage of 120 kV. Dose modulation was used in 58% (36/62) of the daily practice 
protocols. In screening practice, dose modulation was used in 39% (9/23) of the 
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protocols. Of all institutions, 43% (25/58) did not use dose modulation, 48% (28/58) 
used dose modulation for all provided protocols (at least one position), and 9% 
(5/58) used dose modulation but not for all provided protocols.

Discussion

This study shows that in 2011 the median effective radiation dose for screening 
CT colonography was 4.4 mSv and for daily practice it was 7.6 mSv. Daily practice 
protocols radiation dose without intravenous contrast medium are similar to 
screening protocols. Daily practice protocols with intravenous contrast medium use 
higher radiation dose than those without intravenous contrast medium (10.5 mSv and 
4.0 mSv, respectively). Academic and nonacademic institutions use similar radiation 
dose. For screening protocols, the radiation doses in Europe are lower compared 
with Asia and North America. Importantly, radiation dose did not decrease from 
2007 for both daily practice and screening protocols.
The fact that nonacademic institutions use a similar dose compared to academic 
institutions may be reassuring. Some had expressed doubt whether nonacademic 
institutions use the same low-dose protocols as academic institutions [27].
Current dose estimates are lower as compared with dose estimates reported in a 
2007 paper [7]. However, after recalculating the 2007 data, no significant differences 
were found. The differences with the previous article were mainly caused by the 
change in weighting factors (ICRP 103 instead of ICRP60) which lowers the dose 
with approximately 9%. Furthermore the CT-Expo program calculations result 
in a somewhat lower effective dose, compared with the ImPACT CT Dosimetry 
Spreadsheet. Radiation doses in institutions that participated in both inventories 
are somewhat lower as compared with recalculated 2007 values, but this was not 
significant.
Berrington de González et al estimated that radiation related lifetime cancer risk 
for a single screening CT colonography is 0.06% for a 50-year-old person [6]. The 
doses used for this calculation were 7 mSv for men and 8 mSv for women for a 
CT colonography examination, which was calculated for the participants of the 
American College of Radiology Imaging Network (ACRIN) screening trial [1]. The 
corresponding calculated benefit-risk ratio ranged from 24:1 to 35:1 depending on 
the model used.
In our study we see a wide range of effective dose in the protocols (both screening 
and daily practice. In the previous inventory it was suspected that the use of 
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intravenous contrast medium may explain the wide range; however, in our study 
even without intravenous contrast medium the highest radiation dose used was 
23.8 mSv (although this was an outlier). Institutions may choose higher dose for 
several reasons. They attach more value to the detection of extracolonic findings, 
prefer less noisy images or because they have an obese patient population.
CT colonography guidelines are not specific and therefore protocols largely depend 
on the variance in hospital experience, knowledge, and preference. Studies on 
physicians’ knowledge on radiation risks indicate that risks are often underestimated 
[28, 29]. More standardisation of CT colonography protocols (e.g. maximum allowed 
effective dose) may prevent large differences between institutions and unnecessary 
radiation exposure. For example, in the United States and Europe the radiation dose 
used for mammography screening is much more standardised and regulated. Here 
a maximum accepted dose is set on 3.0 and 2.5 milligray, respectively, and this is 
tested at the facilities using a standard breast phantom [30, 31]. As indicated by 
guidelines, all participating institutions scanned in two positions and used a multi-
detector-row CT with ≤ 3 mm detector row thickness [12–14]. In this study, 57% of 
the institutions used dose modulation in at least one of their protocols. Although not 
all scanners have dose modulation, there are institutions that have the opportunity, 
without using it.
We acknowledge some limitations. Only 57% of the institutions responded on our 
questionnaire. Although a larger number of institutions provided sufficient data for 
dose calculations (n = 58), compared with previous inventories (n = 28 and 34), the 
response rate is not high [7, 21]. Furthermore, it is important to know that the actual 
effective doses may differ 10%–20% from our estimations [24]. A study from van 
Straten and colleagues indicated that CT-Expo may overestimate the dose for an 
abdominal CT on a specific Siemens scanner [32]. However, because we used the 
same dosimetry program for both the 2007 and 2011 inventory, these factors did 
not influence the comparison of these inventories. Furthermore, a study in which an 
identical phantom was scanned on each scanner type with the provided protocols 
is likely to be a more accurate method for dose calculations. However, such a study 
would be a very cumbersome procedure. Furthermore, all participating institutions 
(whether academic or nonacademic) are performing research in the field of CT 
colonography and therefore our results may differ from institutions that do not 
perform research in this field.
In addition we have to consider that results of our study are estimated radiation 
doses for a person of 70 kg and individual dose may differ from our results. Another 
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issue is that there no general consensus about the effect of small amounts of 
radiation dose. Most assume a linear no-threshold model.
This inventory shows that the dose used is in fact approximately half the dose used 
in a recent modelling study on the benefit-risk ratio of CT colonography screening. 
The actual benefit-risk ratio is therefore almost twice as high as reported in that 
article [6]. However, because there still is ample opportunity for dose reduction and 
we observed no downward trend, we encourage more work on lower doses in CT 
colonography (especially in screening), such as even more convincing evidence on 
good accuracy results with low-dose CT colonography. Importantly, it is expected that 
newer CT system functionality, such as iterative reconstructions, will substantially 
further reduce radiation exposure without loss of image quality [17].
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Abstract

This article reviews two important aspects of CT colonography, namely colonic 
distension and scan parameters. Adequate distension should be obtained to 
visualise the complete colonic lumen and optimal scan parameters should be 
used to prevent unnecessary radiation burden. For optimal distension, automatic 
carbon dioxide insufflation should be performed, preferably via a thin, flexible 
catheter. Hyoscine butylbromide is – when available – the preferred spasmolytic 
agent because of the positive effect on insufflation and pain/burden and its low 
costs. Scans in two positions are required for adequate distension and high polyp 
sensitivity and decubitus position may be used as an alternative for patients unable 
to lie in prone position.
The great intrinsic contrast between air or tagging and polyps allows the use of low 
radiation dose. Low-dose protocol without intravenous contrast should be used 
when extracolonic findings are deemed unimportant. In patients suspected for 
colorectal cancer, normal abdominal CT scan protocols and intravenous contrast 
should be used in supine position for the evaluation of extracolonic findings.
Dose reduction can be obtained by lowering the tube current and/or voltage. Tube 
current modulation reduces the radiation dose (except in obese patients), and should 
be used when available. Iterative reconstructions is a promising dose reducing tool 
and dual-energy CT is currently evaluated for its applications in CT colonography.
This review also provides our institution’s insufflation procedure and scan 
parameters.
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Introduction

Adequate distension is a prerequisite for computed tomography (CT) colonography 
and efforts should be made to obtain good distension [1]. In CT colonography 
distension is obtained by the insufflation of gas. Drawback of insufflation is that it 
may lead to cramping pain, windiness, burping, nausea, vasovagal reactions and 
very rarely to perforation [2–5]. Practitioners should therefore acquire enough 
knowledge and experience to find the right balance between patient comfort and 
adequate distension. To reach optimal distension several choices have to be made 
concerning the distension methods used, such as: which type of catheter, type of 
insufflation (automatic vs. manual), room air or carbon dioxide, use of a spasmolytic 
agent and the positions to use during insufflation.
When optimal distension has been obtained, it is important to use an adequate 
CT scan protocol. Here a compromise has to be made between the benefits and 
risks involved with ionising radiation. The first protocols for CT colonography 
were based on clinical abdominal CT protocols. Some of these protocols had a 
relative high radiation dose [6]. During the last decade the dose has been reduced 
and the CT colonography protocol has been differentiated based on the clinical 
suspicion for colorectal cancer [7]. In patients with a low chance on colorectal 
cancer (e.g. screening), CT colonography without intravenous contrast medium 
can be performed, while in other patients (e.g. obstructive cancer at colonoscopy) 
intravenous contrast medium will be administered as CT colonography is also used 
for staging. In the latter situation higher-dose protocols are needed as contrast 
for extracolonic organs is much smaller than for intracolonic lesions. When the CT 
primarily concerns colonography, less radiation can be used due to the large contrast 
between air and polyps.
Initial studies on CT colonography were performed using single- or 4-detector-row 
CT scanners. Here there was a trade-off between thin slices for detecting all relevant 
polyps and the length of a single breath hold. Nowadays, many centres are equipped 
with scanners having at least 16 detector-rows or more, making the difficult 
considerations of the past unnecessary as good image quality can be obtained with 
acceptable breath hold times.
In this review, we will point out which insufflation methods are available and we will 
discuss the development of high-dose scan protocols into low-dose protocols in the 
last 15 years.
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Insufflation methods

Type of catheters
The first catheters used for CT colonography were rigid large diameter barium 
enema tubes with a 100 mL balloon. This type of balloon-tipped catheters was 
primarily used to prevent spill of barium contrast (and air) during the examination. 
However, in CT colonography there is no rectal administration of barium contrast 
and therefore no risk of rectal spill of this material. At the most incontinence for 
air (or carbon dioxide) may occur. Importantly, the introduction of a rigid large 
diameter catheter is uncomfortable, as is the inflation of the large rectal balloon. 
Further, some of the rare perforations in CT colonography are associated with the 
use of large balloon catheters [8]. This also included caecal perforations, which are 
most likely caused by the combination of uncontrolled insufflation in a colon with a 
competent ileocaecal valve and occlusion of the rectum by a large balloon.
Because of the aforementioned reasons, the authors as well as guidelines [9, 10] 
advise against the use of rigid catheters and the use or large balloons. Currently, 
the standard catheter used for CT colonography is a thin flexible rectal catheter of 
approximately 20 French with a small (20–30 mL) balloon which is much smaller 
than the ones used for barium enema (Figure 1). The discomfort is substantially 
lower while the risk of perforation with this type of balloon is expected to be much 
smaller. In addition, no significant difference in number of adequately distended 
segments during CT colonography could be detected [11]. Although currently used 
balloons are small, it still might obscure a rectal lesion, therefore it is important 
to make sure that the balloon is deflated in at least one of the positions in which 
CT colonography is made. For that reasons, some centres use a catheter without 
balloon (or the balloon is not inflated) to have the view not obscured in neither 
position.

Insertion of the catheter
A careful history including recent colonoscopy, previous colonic surgery and active 
colitis is mandatory before inserting a catheter (especially when using a larger 
diameter rigid catheter – which we discourage). If the patient recently underwent 
a colonoscopy, an occult perforation may be present. Therefore it may be useful to 
obtain a low-dose CT scan before starting the CT colonography procedure, to detect 
extraluminal air. One should consider performing digital rectal examination prior to 
insertion. Firstly, to diagnose possible reasons for not inserting the catheter (e.g. 

Boellaard.indd   58 4-11-2013   9:22:25



Colon distension and scan protocol for CT colonography: An overview

59

4low rectal obstruction) and secondly to diagnose very low rectal lesions close to the 
catheter that otherwise may not be detected at CT colonography. In many patients 
digital rectal examinations (or colonoscopy) has been performed by the referring 
physician, and in these patients digital rectal examination is not mandatory.
The easiest way to insert the catheter is when the patient is lying on its left or right 
side, with his back towards the insufflation machine. Before insertion the anus 
should be inspected for haemorrhoids or other lesions that might need cautious 
insertion. Some lubricant is administrated to the tip of the catheter. Avoid force 
during the flexible catheter insertion, but gently introduce the catheter. The balloon 
is preferably filled with air instead of fluid to secure its position during position 
changes of the patient, as with air an indentation of the catheter by a polyp can 
be appreciated while it will be obscured when using water for balloon insufflation. 
When no balloon is used, the catheter is taped near the anus to secure its position.

Manual vs. automatic insufflation
Initially CT colonography was performed using manual insufflation of room air. Here 
a number of puffs of air were given until either a preset volume was administrated 
or the patient indicated discomfort. Subsequently the distension was checked at 
a scout view. Since then, both type of insufflation and gas used have changed, as 
nowadays it is routine to use an automatic insufflator with carbon dioxide. Although 
both room air and carbon dioxide lead to adequate distension, the advantage of 
carbon dioxide is that it is rapidly absorbed through the bowel wall, followed by 
elimination via the lungs. Therefore desufflation of the colon is much faster using 
carbon dioxide with therefore reduced discomfort of colonic distension after the 
examination [12].

Figure 1 Two examples of thin flexible balloon-tipped rectal catheters. The uppermost 
catheter is 20 French gauge with a 30 cm3 balloon (for Protoco2l, Bracco). The undermost 
catheter is 18 French gauge with a 20 cm3 balloon (for MedicCO2LON, Medicsight).
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In previous studies, carbon dioxide has proven to reduce discomfort in colonoscopy 
and double-contrast barium enema studies [13–15]. One study showed a reduction 
of discomfort using automatic carbon dioxide insufflation compared with manual 
room air insufflation for CT colonography. In this study little post-procedural pain 
was observed, the least in the carbon dioxide group [16]. However, the use of 
carbon dioxide might be contraindicated in patients with severe chronic pulmonary 
obstructive disease.
Colon insufflation can be performed manually or automatically. The advantage of 
manual insufflation is that it is a simple, cheap method requiring minimal use of 
material. Disadvantage is the uncontrolled administration of the gas with therefore 
the chance of either over distension or suboptimal distension. The use of an 
automatic insufflator has been introduced in 2002 [17]. Studies showed an improved 
distension using automatic insufflation as compared to manual insufflation, while 
patient acceptance was not superior [16] and [18]. The beneficial distension is 
greatest in the left colon, particularly when the patient is in supine position. Very few 
perforations have been recorded since the introduction of automatic insufflation 
and the use of flexible catheters with small volume balloons [2], which seems to 
confirm the advantage of using this technique.
Automatic insufflation has several other important advantages over manual 
insufflation. Automatic insufflation produces a controlled intracolonic pressure. 
Pressure sensors measure the pressure continuously and gas is insufflated when 
the pressure drops below the target pressure. This means that gas loss is also 
replaced during scan acquisition. When the pressure exceeds the preset threshold 
an alarm sound is produced and an air valve releases excessive pressure. This last 
safety feature may reduce the risk of perforation. Automatic insufflation creates a 
more constant flow, is less operator dependant compared with manual insufflation 
(less experience is needed to obtain good distension results) and information on 
pressure and volume are available and it gives a better estimate on the amount of 
distension [16]. Automatic insufflation also allows the practitioner to work alone and 
monitor the patient carefully [19]. Further, the security measures of the automated 
insufflator facilitate performing the examination by a radiographer. Most important 
disadvantage of automatic insufflation is the increased equipment costs compared 
to manual insufflation. In the experience of Burling et al. manual insufflation is 
more time consuming as compared to automatic insufflation, although there is no 
literature available about the insufflation times of both techniques [18].
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As far as we know, no studies evaluated the best target pressure or volume. In our 
experience a target pressure of 25 mmHg usually works well for adequate insufflation 
and is generally accepted. When 3 litres of gas are insufflated or estimated adequate 
distension (based on posture and maximum tolerance) is reached, target pressure is 
reduced to 20 mmHg, which is almost always sufficient and reduces the discomfort 
level of the patient. Pain and discomfort are not infrequently seen especially during 
the last litre of insufflation. It is therefore very important to explain this possibility 
to the patient before one starts the examination. Adequate knowledge prevents the 
patient from becoming distressed when he actually experiences some substantial 
cramps at the end of the insufflation phase, as he knows it is a normal reaction 
of his bowel. If the insufflation is not yet sufficient when substantial pain sets in, 
encourage the patient to tolerate the pain for just one or two more minutes. Explain 
that the pain will lessen, when the bowel is insufflated enough, as the pressure of 
the air will be lowered and the bowel will not be stretched any further. If this is not 
enough, it might help to lower the target pressure for about 10–20 seconds, to help 
the patient calm down.

Automatic insufflation systems
At this moment, there are several insufflation systems commercially available (like 
Bracco, Medicsight, Clamed and Vimap). The authors advise to use an automatic 
insufflator equipped with pressure sensor and that will insufflate when the 
intracolonic pressure drops below the target pressure and releases gas through an 
evacuation valve when the intracolonic pressure is too high. In our institution we 
have experience with two automatic insufflation systems: Bracco Protoco2l (Bracco 
Diagnostics, Princeton, New York, USA) and Medicsight MedicCO2LON (Medicsight, 
London, UK) (Figure 2). Largest experience and (almost) all studies on automated 

Figure 2
Two examples of automatic carbon dioxide colon insufflators for CT colonography: (a) 
Protoco2l, Bracco (b) MedicCO2LON, Medicsight.

(a) (b)
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insufflation until now concerns the Protoco2l device which was introduced in 2003, 
while the MedicCO2LON has been introduced in 2010 [16, 19–21]. Both systems are 
available with different catheters, including (balloon-tipped) thin rectal catheters. 
Both use carbon dioxide, have a maximum target pressure (MedicCO2LON 30 mmHg 
and Protoco2l 25 mmHg) and are equipped with safety valves when pressure is 
above a certain threshold. Both systems use a controlled flow rate increasing from 
1.0 L/min for the first 0.5 L to 2.0 L/min from 0.5 to 1.0 L and 3.0 L/min for the 
remaining insufflation.
Advantages of the MedicCO2LON system are that it has a remote control and 
displays and records all information (litres, flow rate, intracolonic pressure) on an 
electronic display, while the Protoco2l shows only the amount of litres insufflated and 
intracolonic pressure on display. In addition, the amount of litres before shutdown 
can be adjusted at the MedicCO2LON system, while the Protoco2l system stops the 
insufflation at 4.0 Litres. At that point, the reset button needs to be pressed and 
the insufflation needs to be started again (both manually). After the first limit of 
4.0 litres the new limit is every following 2.0 litres.

Spasmolytics
After intravenous administration of 10–20 mg hyoscine butylbromide (Buscopan®/
Buscapina®, Boehringer, Ingelheim, Germany), a maximal pharmacological effect 
(among others the effect on pulse rate, saliva secretion and visual accommodation) 
was reached at 2–8 minutes and waned off completely by 30–40 minutes [22]. 
A study of Froehlich et al. showed that the aperistaltic effect of 40 mg intravenous 
hyoscine butylbromide on the small bowel begins on average at 22 seconds and 
has normalised at 23 minutes. The aperistaltic effect of 1 mg intravenous glucagon 
hydrochloride (Glucagen®, Novo Nordisk A’S, Bagsvaerd, Denmark) starts on 
average at 13.4 seconds and is normalised after 33 minutes [23]. For both hyoscine 
butylbromide and glucagon the standard deviation is large and the effect on the 
colon may differ. In our experience the beneficial effect during CT colonography 
warns off more quickly than the 23 and 33 minutes mentioned above. Since the 
rapid onset of the effect both hyoscine butylbromide and glucagon can best be 
administered just before insufflation, after introduction of the catheter.
Although often used in clinical practice, the use of spasmolytic agents is still 
somewhat controversial. Intravenously hyoscine butylbromide or glucagon 
hydrochloride have been investigated for this purpose (Figure 3). The general idea 
is that these drugs reduce colonic spasms, with subsequent better distension, 
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less motion artefacts and less discomfort for the patient (i.e. less pain). The ACR 
guideline considers antispasmodics not necessary, but we need to take into account 
that hyoscine butylbromide – considered to be the most potent colonic relaxant – 
is not licensed for that purpose in the USA [24]. CT colonography standards advise 
to consider hyoscine butylbromide unless contraindicated and some advise to use 
glucagon hydrochloride as an alternative [9, 10]. Doubling the regularly used dose of 
20 mg hyoscine butylbromide has no additional value [11].
Both hyoscine butylbromide and glucagon have been investigated first in DCBE studies 
and reduced discomfort in some studies [25–27], while hyoscine butylbromide also 
improved bowel distension in some DCBE studies [27, 28].
In addition, several studies evaluated the effect of hyoscine butylbromide, glucagon 
or both in CT colonography [11, 29–34]. Hyoscine butylbromide has shown to 
improve bowel distension in some studies [11, 31, 32], although one study could not 
confirm this result [33]. Glucagon has shown a non-significant improve in distension 
compared with no premedication [31]. Beneficial effects on polyp detection of both 
spasmolytics, have not been detected for hyoscine butylbromide and not studied for 
glucagon hydrochloride [30]. However, both hyoscine butylbromide and glucagon 
have shown to reduce discomfort in CT colonography [33].
A disadvantage of hyoscine butylbromide is that it cannot be used in all patients. 
Contraindications are prostatism, tachycardia, cardiac failure, mechanical 
obstruction in the gastrointestinal tract, megacolon, myasthenia gravis, and 
untreated narrow angle glaucoma [22]. Some advocate to abandon the history of 

Figure 3 The two commonly used spasmolytics: left: glucagon hydrochloride; right: hyoscine 
butylbromide.
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glaucoma and substitute this for advice to seek urgent medical advice should eye 
pain and visual loss develop [35]. Whether this is an acceptable approach depends on 
medicolegal aspects that differ between countries. Further, it may have possible side 
effects like accommodation disturbances (mostly less than 30 minutes), tachycardia, 
dry mouth, nausea and hypotension. Glucagon hydrochloride on the other hand 
has only pheochromocytoma as true contraindications, but should also be used 
with caution in patients with poorly controlled diabetes mellitus, glucogenoma or 
insulinoma and in elderly with a cardiac condition. Most important side effects of 
glucagon are nausea, vomiting and tachycardia [36].
Another consideration is that glucagon hydrochloride is far more expensive than 
hyoscine butylbromide (in our hospital €24 vs. €1). Cost-effectiveness is one of the 
main topics in CT colonography and will have an effect on the decision about which 
tool is preferred for CRC screening [37, 38].
The authors favour using a spasmolytic in all to optimise distension and decrease 
discomfort in all patients. Some use a spasmolytic only when there is insufficient 
distension on a scout view or CT colonography in the initial position or when there is 
substantial patient discomfort. As several studies showed that hyoscine butylbromide 
improves bowel distension and reduced discomfort in CT colonography, it is advised 
to use hyoscine butylbromide as primary spasmolytic. However, as stated before, 
hyoscine butylbromide is not licensed for this purpose in the USA. As several 
studies with glucagon hydrochloride has not showed improved bowel distension 
but did show a reduced amount of discomfort among CT colonography participants, 
glucagon hydrochloride might be a valuable alternative in case of license problems 
or when hyoscine butylbromide is contraindicated.

How much gas should be insufflated?
As far as we now, no studies have been published studying the optimum amount of 
gas that should be insufflated to achieve optimal distension. In our experience, good 
results are obtained with the following protocol: insufflate automatically 3 litres of 
carbon dioxide (1.3 right decubitus, 0.9 supine and 0.8 left decubitus) or at least 
two-and-a-half litres within a maximum insufflation time of 5 minutes (Figure 4) 
[39]. Another order of insufflation positions is used by other experts [19, 40]. To 
our knowledge, no research has been performed studying the optimal positions for 
insufflation. Perform a scout view to scrutinise colonic distension after you reached 
3 litres, but at least within 5–6 minutes after starting insufflation. The amount of 
air that can be insufflated, depends on the patients’ posture. For example, a small 

Boellaard.indd   64 4-11-2013   9:22:28



Colon distension and scan protocol for CT colonography: An overview

65

4

person might have a good colonic distension after 2.5 litre, while a large person 
might need at least 3 litres. Be sure that you are not too rigid in reaching this 
volume, as there might be important pathology (like an obstructing colonic tumour) 
preventing insufflation of air. In addition, in case of an incompetent ileocaecal valve 
or gas incontinence, the insufflated volume might be considerable more and the 
actual volume in the colon is not known. In patients with prior colonic surgery the 
optimal volume will be reduced.

Figure 4 Insufflation positions as used in our institution: we start with 1.3 L in right decubitus 
position (a), followed by 0.9 L in supine position (b) and 0.8 L in left decubitus position (c).

(a)

(b)

(c)
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When the intracolonic pressure is rising towards 25 mmHg, this might indicate 
that enough air is insufflated, but it might be caused also by a colonic fluid layer 
obstructing the way. Further, it is important to assess the fullness and comfort of the 
patient. This of course is strongly related to the pain threshold of each individual, 
but it can help to estimate. When reaching the sufficient insufflation patients often 
experience a moderate level of discomfort. It must be noted that some patients will 
not feel any pain at all.
A colostomy is not an absolute contraindication for CT colonography. In colostomy 
patients the use of a balloon-tip catheter is needed to prevent air leakage and hold 
the catheter in place. The narrower lumen as compared to the rectum increases 
the chance of damaging the bowel. Extra careful introduction of the catheter and 
balloon careful (sometimes partial) insufflation is therefore needed. A digital exam 
of the colostomy can be useful to obtain more information regarding the size and 
direction of the colon (Figure 5).

After insufflation

Scanning
When you expect that sufficient distension has been reached given the volume 
insufflated, the intracolonic pressure or because the patient indicates discomfort, a 
scout view is the next step. This gives you a good overview of the degree of bowel 
distension, although this is more difficult to evaluate when bowel loops overlap 

Figure 5 An example of a CT colonography performed in a colostomy patient, in this case with 
a parastomal herniation. Notice that the space for the catheter and balloon is much more 
limited than in the rectum.
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(a)

(b)

(especially sigmoid). In case of optimal distension the bowel is clearly visible at the 
scout view and in the CT images the haustral folds will be pencil line thin and without 
collapsed segments. In case of collapse, additional air can be insufflated although 
one should be aware that dependent bowel only (optimal) distends with the patient 
in the opposite position. The scout view will give the technician the opportunity 
to plan the scan dimension in craniocaudal direction. Some additional slices will 
be obtained at the superior border of the volume to account for differences in 
inspiration depth. This number of slices should be limited to prevent unnecessary 
additional radiation exposure.

The colonic segments have a different position in the body in the anteroposterior 
plane and therefore distension will differ per segment, depending on the position of 
scanning, for this reason all patients should be scanned in both the prone and supine 
position (Figure 6). This significantly reduces the number of insufficiently distended 
segments [41,42]. The sensitivity for polyp detection also increased with dual 
positioning [1, 42]. Some studies show on that average more adequately distended 

Figure 6 Scanning position: (a) supine position with hands above the head and (b) prone 
position with hands forward and the pillow under the chest.
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Figure 7 Typical examples of collapsed and distended colonic segments plus an example to 
illustrate the value of a scout view: (a) shows a collapsed rectum in supine position and (b) 
a good distension in the same patient. (c) Shows a collapsed transverse colon (arrow) and 
(d) a good distended transverse colon in the same patient. (e) Shows the scout view that 
was obtained before acquisition of (c) and (f) shows the scout view that was obtained before 
acquisition of (d). Here the distended transverse colon is clearly seen on the scout view.

(a) (b)

(c) (d)

(e) (f)
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segments in prone than supine position [34,41,43]. In supine position the rectum 
is often collapsed and in prone position the transverse colon (Figure 7 and 8) [11]. 
Optimal distension of ascending and transverse colon is more common in supine 
position and for descending and sigmoid colon during prone position [42]. The 
sigmoid is the segment that is most often collapsed [11] and [34] and special care 
should be taken to scrutinise its distension prior to finalising the examination. In 
our institution we start with the supine scan if no intravenous contrast is used. This 
position is more comfortable for the patient and it is easier to communicate during 
this first scan procedure. When intravenous contrast medium is administrated, we 
start with the prone scan and then perform the supine scan. This as the first scan is a 
plain scan and the second contrast-enhanced scan will be in the position a radiologist 
is familiar to read a contrast-enhanced CT (i.e. supine scan). Also, contrast medium 
administration is more practical in supine position. During the acquisition of the 
prone scan, a pillow is placed under the thorax to minimise the pressure on the 
abdomen and thereby reducing compression of the transverse colon. Be sure, that 
– when used – the balloon is deflated after the second scout view, to ensure that the 
rectum is completely visualised.
In patients who are not able to lay prone, a lateral decubitus position is a good 
alternative to the prone position [43].

(a) (b)

Figure 8 Illustrates the importance of scan acquisition in two positions: (a) a piece of stool 
that could be misinterpreted as a polyp on a fold in a layer of tagged fluid. (b) Shows the stool 
has changed position by gravity. With the absence of a stalk the polyp like structure can be 
confidently identified as a stool.
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Intravenous contrast medium
Intravenous contrast medium is administrated for extracolonic lesion detection 
in patients in which the CT colonography is also performed for staging. As this is 
aimed at evaluating the extracolonic organs, the scan is performed in the portal 
phase. For the detection of intracolonic findings, intravenous contrast medium has 
only shown to improve lesion detection (enhanced polyps) in suboptimal prepared 
colons without tagging [44]. However, nowadays, stool/fluid tagging is routine and 
intravenous contrast medium may even be detrimental for detection of intracolonic 
lesions. This as polyps may even become less conspicuous as the contrast between 
polyp and tagged bowel content is reduced. No sizable study using intravenous 
contrast medium shows polyp sensitivity that compares favourably with the good 
accuracy results of the most recent large screening trials [45, 46]. No studies have 
shown to improve colonic lesion characterisation using an intravenous contrast 
medium [47–49]. Although not helpful in routine CT colonography, the increased 
attenuation of polyps and cancers in contrast-enhanced series might be informative 
in dual-energy CT colonography [50, 51]. Further studies should investigate whether 
this has added value.
When CT colonography is used for surveillance, contrast-enhanced CT colonography 
has shown to accurately evaluate local recurrence as well as metastatic disease [52–
55].
The use of intravenous contrast medium has shown to increase the number of 
extracolonic findings and possibly leads to more diagnostic work-up and operations 
(Figure 9) [56]. In this study findings in symptomatic patients who received an 
unenhanced CT colonography because of a contraindication for iodinated contrast 
medium, were compared with symptomatic patients who did receive intravenous 
iodinated contrast. As expected, the group receiving intravenous contrast medium 
had a significantly greater portion of extracolonic findings (94% vs. 77%). Although 
not significant, the group with intravenous contrast received further work-up more 
frequently (31% vs. 13%). Many institutions will not perform plain CT for staging 
colorectal cancer as a plain CT has additional value in only a limited number of 
situations (e.g. helpful for characterising adrenal lesions). When CT colonography 
is also performed for staging, a plain CT will be obtained as intrinsic part of the 
procedure which can be helpful.
In patients with a low chance of relevant extracolonic lesions (e.g. screening), no 
intravenous contrast medium is administrated. Advantages are that low-dose 
protocols can be used, there are no risks of adverse reactions (i.e. contrast-induced 
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nephropathy and hypersensitivity reaction) and costs are lower which is important 
for the cost-effectiveness of CT colonography.

CT colonography scan parameters

When CT colonography was introduced in 1994, multi-detector-row (MDCT) 
scanners did not yet exist, with exception of a two-detector-row scanner (CT-Twin, 
Elscint). For the first CT colonography studies single-detector-row scanners were 
used with as a consequence longer scan times. For example in the study of Amin et 
al. [57] 90–150 seconds scan time was used, divided over two to three breath holds. 
The slice thickness was 5 mm, and the time per rotation was 1 second [57].

Figure 9 A typical example of a contrast-enhanced supine scan and non-enhanced prone 
scan: (a) shows a complex renal cyst on the non-enhanced acquisition and (b) the same lesion 
on the contrast-enhanced acquisition. (c) In a patient with liver metastases the liver lesions 
are almost invisible at the non-enhanced low-dose CT colonography scan. (d) The same 
patient receives a contrast-enhanced abdominal CT scan a few days later on which the liver 
lesions are easily detected.

(a) (b)

(c) (d)
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At present CT colonography is performed virtually always with multi-detector-
row scanning. In the dose evaluation study of Liedenbaum et al. [7], in which 34 
institutions that performed CT colonography participated, more than 60% of the 
institutions used 64-detector-row CT scanners (the maximum number of detector 
rows available at that time), and only two institutions used single-row CT scanners 
[7]. In the meantime, 128- and even 320-detector-row scanners are used in 
clinical practice. It is reasonable to assume that nowadays virtually all centres use 
CT scanners with at least 4 detector rows. In recent consensus statements this is 
considered to be a minimal requirement [9, 10, 24].
Because of the far greater possibilities of the state-of-the-art CT scanners, there are 
nowadays hardly any technical limitations in the choice of the parameters to obtain 
a CT scan of the abdomen in a few seconds time. A broad consensus on the scan 
parameters exists [9, 10, 24]. In the following sections we discuss all parameters 
in more detail: the number of detector rows, detector row thickness, and slice 
thickness, rotation time and pitch, tube voltage (kV), tube current (mA), tube current 
modulation, dose and dual-energy CT colonography.
The choice of these scan parameters has of course a direct effect on the image 
quality and the radiation exposure. Best image quality is generally obtained with 
the highest dose. In the consideration which parameters to use, one has to take into 
account for which purpose the CT colonography scan is made. For example, when 
CT colonography is also performed for staging after failed colonoscopy caused by an 
obstructing tumour, radiation dose is less important than for CT colonography scans 
made for screening.

Number of detector rows, detector-row thickness and slice thickness
In the CT scanners used in the dose evaluation study of Liedenbaum et al. [7] the 
maximum number of detector rows was 64, with detector-row thickness between 
0.5 and 0.625 mm [7]. CT scanners are now offered with 128 or 320 detector rows, 
although this last number of detector rows cannot be used in the spiral mode.
Detector-row thickness (also, but incorrectly, termed ‘collimation’, a phrase 
originating from the time of the single-detector-row scanners, when this thickness 
was indeed established by collimation) is an important parameter, as it sets a lower 
limit to the minimal usable slice thickness. This slice thickness determines the minimal 
detectable lesion. Of course the in-plane resolution of an axial reconstruction is also 
important in this respect, but with present-day CT scanners this resolution is 1 mm 
or less [58], and therefore the slice thickness is of prime importance.
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In consensus statements on CT colonography [9, 10, 24] a minimal slice thickness 
of less than 3 mm is indicated, and this should probably be sufficient in case the 
target is a polyp 5 mm or larger [59]. In a patient study in which the images were 
reconstructed both with 2.5 and 1.25 mm slice thickness, no difference was found 
in sensitivity and specificity for the detection of polyps 6 mm and larger [60]. 
However, in a study in which a colectomy specimen containing a large number 
of polyps was used the sensitivity for the detection of smaller (< 5 mm) polyps 
increased substantially when the detector-row thickness was reduced from 2.5 to 
1.25 mm [61]. An increased sensitivity was also found for polyps of all sizes in a pig 
colon phantom for a slice thickness of 1 mm as compared to 3 mm, in a computer-
aided diagnosis (CAD) study of Kim et al. [62]. The increased sensitivity was at the 
expense of an increased number of false positive findings, however. It also has been 
suggested that thin collimation is beneficial for specificity, because of an improved 
detection of air bubbles in stool [59].
Given the sub millimetre detector-row thickness of state-of-the-art CT scanners, a 
sensible strategy seems to be to use a thin slice thickness (in the order of 1 mm), 
in order to obtain a data set of isotropic resolution, with the advantage on modern 
workstations of the possibility to make additional reformats in oblique planes with 
the same resolution, and/or reconstructions with larger slice thickness, whenever 
required [58, 63]. Of course also for 3D viewing isotropic resolution is advantageous.
It is generally indicated that the reconstructed slices should be somewhat overlapping 
in order to obtain optimal image quality, and the use of a slice increment of roughly 
50% of the slice thickness is often advocated, although for slices with a thickness 
in the order of 1 mm a somewhat greater increment (0.7 mm) also produces 
satisfactory results and limits the number of images per data set [63].

Rotation time and pitch
In state-of-the-art CT scanners rotation times in the order of 0.3–0.5 seconds can be 
used. Pitch values in the order of 1 are therefore adequate. When a MDCT scanner 
with a coverage of 40 mm in the z-direction is used, for example, and a rotation time 
of 0.5 seconds is used, a scan of the complete abdomen, for example 50 cm, can be 
made in the order of 6 seconds. For older CT scanners a slightly higher pitch (up to 
1.5) may be required in order to obtain scans within a breath hold [59].
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Tube voltage (kV)
Traditionally, the vast majority of CT scans are made with a tube voltage of 120 
kV. However, lower and higher tube voltages can be chosen, in the range between 
80 and 140 kV. The choice of tube voltage influences the output of the X-ray tube 
(the X-ray intensity is roughly proportional to the square of the tube voltage) and 
the penetrating power of the photons: the higher the tube voltage, the higher the 
penetrating power. This also means that the contrasts in CT images made with a 
higher tube voltage are lower, especially with regard to structures with a higher 
atomic number (for example iodine and bone) in tissue.
As a consequence CT scans made with a low kV are relative noisy, have relative high 
contrast, and are made with a lower dose, as compared to scans made with a higher 
kV, when all other parameters remain fixed. As the image quality is determined by 
the contrast-to-noise ratio (CNR), it is no trivial task to determine the optimal tube 
voltage for a CT scan at a given dose.
Recently this issue was addressed in a study of Kalender et al. [64]. For soft-tissue 
imaging, thus for the imaging of polyps in air, settings of 120–140 kV were found as 
adequate choices with optimal values increasing for larger cross sections, e.g. for 
large diameter abdomens voltages even higher than 140 kV were found. Differences 
in CNR between 120 kV and higher voltages were only a few percent, however. For 
iodine and bone imaging the optimum values were generally found at significantly 

Figure 10 Simulated CT images (level 0, window 1600) of a mathematical phantom mimicking 
an abdominal cross-section (diameter 34 cm) containing five cross-sections of the colon, 
each one containing a 6-mm polyp and a stylised vertebra in the lower part of the image. 
The colon is filled with iodine-tagged water. The simulation on the left (a) was made with 
120 kV, 25 mAs; in the middle (b) with 80 kV, 25 mAs; on the right (c) with 80 kV, 75 mAs. The 
slice thickness for all images is 2.5 mm. The simulation shows the effect of reducing of tube 
voltage from 120 to 80 kV on the contrast and the noise level. The dose of the simulated CT 
scan on the right (c) is slightly lower than that of the simulated CT scan on the left (a), yet the 
signal-to-noise ratio (and the visibility of the polyps) is better.
With kind permission from Springer Science + Business Media: Stoker et al. [58], Figure 
16.2.2a–c.
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lower voltages of typically below 80 kV. For CT colonography imaging a voltage of 
120 kV appears to be a reasonable compromise, as both the imaging of soft tissue 
contrast and iodine contrast is relevant. A lower tube voltage could be appropriate 
to improve the visibility of polyps covered by material tagged with iodine or barium 
(Figure 10) [58].

Tube current (mA)
The tube current of a CT colonography examination determines – together with 
tube voltage, rotation time and pitch – the noise in the CT images of the abdomen of 
a patient. For a fixed abdominal cross-section and fixed kV, the noise is determined 
by the effective tube charge: The cross-sectional dimensions of the abdomen are 
a very important factor as well, and the noise level may become extremely high in 
scans of very obese persons.
Because of the high intrinsic contrast of the structures of interest in CT colono-
graphy (soft tissue with a density of 30–50 HU vs. air in the colon with a density of 

Figure 11 Images of a 15-mm polyp in a 60-year-old male patient at colonoscopy and at 
CT colonography with five doses. The images at the four lower doses were obtained by 
simulation. Top row: left: Colonoscopic image shows 15-mm polyp in ascending colon 
(arrow). Middle: CT colonographic image obtained at 100 mAs. Right: CT colonographic image 
obtained at 25 mAs. Bottom row: left: CT colonographic image obtained at 6.3 mAs. Middle: 
CT colonographic image obtained at 1.6 mAs. Right: CT colonographic image obtained at 
0.4 mAs. Although the image quality decreases, polyp visibility is unimpaired.
Permission for reprint provided by the RSNA; van Gelder et al. [66].
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−1000 HU) the detectability of the relevant structures is relatively insensitive to the 
noise level of the images. Thus, studies on this topic indicate that the sensitivity for 
the detection of polyps of 6 mm or larger is hardly influenced by the effective tube 
charge, and patient studies show that the lowest mAs available should be adequate 
(Figure 11 and 12) [65–69]. The same results are found in phantom studies [61, 62]; 
unfortunately in these studies the size of the phantom was not specified, while this 
size is an important factor for the noise in the images.

For the detectability of polyps covered with tagging the situation is somewhat 
different, however. de Vries et al. [70] studied the detectability of 6 mm sessile 
polyps in an antropomorphic phantom with the size of a fairly obese patient, at 
effective tube charge levels between 40 and 10 mAs. Sensitivity for polyps in air was 
100% down to 10 mAs, as expected. Sensitivity of detection of polyps covered by 
tagging, however, depended strongly on the density of the tagging material. While 

Figure 12 Images of a 5-mm polyp in a 57-year-old male patient at colonoscopy and at 
CT colonography with five doses. The images at the four lower doses were obtained by 
simulation. Top row: (a) colonoscopic image shows 5-mm polyp (arrow) in transverse colon. 
(b) CT colonographic image obtained at 100 mAs. (c) CT colonographic image obtained at 
25 mAs. Bottom row: (d) CT colonographic image obtained at 6.3 mAs. (e) CT colonographic 
image obtained at 1.6 mAs. (f) CT colonographic image obtained at 0.4 mAs. The image 
quality decreases and polyp visibility is affected at lowest doses as a result of increased 
image noise and smoothing.
Permission for reprint provided by the RSNA; van Gelder et al. [66].

Boellaard.indd   76 4-11-2013   9:22:43



Colon distension and scan protocol for CT colonography: An overview

77

4

for high-density tagging (density of the tagging in the order of 1100 HU) sensitivity 
was still 100% at 10 mAs, it was considerably lower for lower densities, and higher 
tube charge levels (up to 40 mAs for a tagging density in the order of 500 HU) had 
to be used to obtain a sensitivity of at least 90%. While in practice only part of the 
polyps will be covered by tagging material, especially when supine and prone images 
are acquired, it is clear that a sufficiently high density of the tagging is important 
when low mAs values are used.
The above study indicates that very low mAs levels are not adequate for the depiction 
of details of lower contrast. Thus, when the detection of extracolonic findings is 
deemed important, higher mAs-levels have to be used (Figure 13 and 14). The same 
holds when CT colonography is accompanied by the administration of intravenous 

Figure 13 CT colonography in the supine position after extensive bowel preparation and 
tagging with an iodine contrast medium in a 57-year old woman. (a) CT colonographic image 
obtained at 70 mAs; (b) CT colonographic image simulated at 25 mAs; (c) CT colonographic 
image simulated 6.3 mAs; (d) CT colonographic image simulated at 1.6 mAs. The examination 
was performed for surveillance for colorectal cancer. As an incidental finding an enlarged 
right adrenal is visible (arrow) with CT features (size, density) suggestive for metastasis. This 
finding was not known prior to the CT colonography and prompted further work-up. The 
patient proved to have lung cancer with a metastasis in the right adrenal gland. The enlarged 
right adrenal is identifiable at 25 mAs and 6.3 mAs, but hardly identifiable at the lowest 
simulated dose of 1.6 mAs.
With kind permission from Springer Science + Business Media: Stoker et al. [58], 
Figure 16.2.2a–c.
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contrast, in which case the higher-mAs protocols used for clinical abdominal scans 
are appropriate.
We finally mention a fairly recent development that could facilitate the use of low-
mAs CT colonography scans, which is the introduction of iterative reconstruction 
techniques instead of the traditional filtered back-projection. It is claimed that when 
these new techniques are used the tube current of the CT colonography scan can be 
lowered, while the diagnostic accuracy remains unimpaired. Although first results 
are promising, more work needs to be done to establish the performance of iterative 
reconstruction relative to the established reconstruction techniques [71, 72].

Tube current modulation
In the preceding section the choice of the tube current was discussed to obtain 
images of optimal quality for the different imaging tasks. This choice depends to a 

Figure 14 CT colonography in the supine position after extensive bowel preparation and 
tagging with iodine in a 76-year old man. (a) CT colonographic image obtained at 50 mAs; 
(b) CT colonographic image simulated at 25 mAs; (c) CT colonographic image simulated at 
6.3 mAs; (d) CT colonographic image simulated at 1.6 mAs. The examination was performed 
for surveillance for colorectal cancer. As an incidental finding a 4.7-cm aneurysm of the 
distal abdominal aorta (arrow) was found, which was however already known prior to the 
examination. The aneurysm is still identifiable at the lowest dose.
With kind permission from Springer Science + Business Media: Stoker et al. [58], Figure 
16.2.2a–c.
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large extent, however, on the dimensions of the cross-section that is imaged. Thus, 
for thin persons the optimal tube current will be considerably lower than for obese 
patients. And, once the tube current is chosen for a given patient, the image quality 
may be good in for instance the upper abdomen, while in the pelvic region with 
much larger cross-sectional dimensions the image quality may be poor.
These considerations have led to the introduction of tube-current modulation, with 
the purpose of adapting the intensity of the X-ray beam to the attenuation in the 
patient [73, 74]. The combination of both angular modulation, i.e. while the X-ray 
tube rotates around the patient, and longitudinal modulation, while the patient 
moves through the X-ray beam and the different anatomical regions are scanned, is 
optimal [75]. When tube current modulation is used the image quality becomes more 
constant in different regions of the patient, but the modulation is not performed to 
such an extent that the image noise is constant over all patient sizes. This is because 
an extreme variation in tube current would be required to obtain constant noise. 
When a tube voltage of 120 kV is used, 4 cm of tissue attenuates the X-ray beam by 
approximately a factor of 2, and therefore 8 cm of tissue a factor of 4, 12 cm of tissue 
a factor of 8, and so on [75]. Extreme variations in tube current are technically not 
feasible, and in any case not desirable, as they would lead to extreme exposure to 
radiation for obese patients.

Dose
As mentioned above, the dose of a CT colonography examination is determined 
primarily by the choice of the tube voltage (kV) and current (mA). The chosen tube 
voltage has a considerable influence on the effective dose: compared with 120 kV, 
effective dose is reduced by a factor 3–4 when the tube voltage is lowered to 80 kV, 
and increased by a factor in the order of 1.5 when 140 kV is chosen. Dose depends 
linearly on the chosen tube current. The use of tube current modulation reduces the 
dose for the thin and average patients [74, 75]. Although, as mentioned above, the 
increase in tube current with increasing attenuation is kept within certain limits, for 
obese patients, dose will increase, but image quality in these patients will increase 
as well.
Typical effective dose values for CT colonography examinations are 9 mSv for daily 
practice protocols, and 6 mSv for screening protocols [7]. The risk of induction of 
cancer for a 50-year-old person for a protocol with an effective dose of 8 mSv was 
estimated to be 0.14% [76]. A screening CT colonography using an optimised low-
dose protocol (effective dose 2 mSv) thus has a risk of induction of fatal cancer 
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in the order of 1 in 5000 for a fifty-year old, the risk for cancer mortality being 
considerably less than the risk for cancer itself. Risks of this kind are difficult to 
assess with certainty, however [58].

Dual-energy
During the last years, dual-energy CT scanners haven been introduced, with exploit 
the possibility to simultaneously make two scans at low and high tube voltages 
(80 or 100 kV, and 140 kV). The combination of the information in these two scans 
makes it possible to differentiate tissues according to their effective atomic number. 
It is for instance possible to calculate the concentration of iodine or barium in the 
scanned volume.
First applications of dual-energy CT colonography are attempts to improve the 
performance of electronic cleansing algorithms to remove tagged stool form the 
CT images, and attempts to characterise lesions by their uptake of (iodine) contrast 
material [77, 78].
Differentiation of tissues according to their effective atomic numbers makes the 
images relatively noisy [79, 80]. Therefore dual-energy techniques are not feasible 
with low-dose CT colonography scans.

How we do it in our hospital

In the dressing room, before the examination
Check for:
• Ask for history (including recent colonoscopy and surgery, such as a rectal 

stump or anastomosis)
• Ask for contraindications spasmolytics:

○ Hyoscine butylbromide: narrow angle glaucoma, prostatism or tachycardia
○ Glucagon hydrochloride: pheochromocytoma (and diabetes because 

caution is needed)
• Ask to empty the rectum if possible

In the examination room, before the examination
Explain the examination.
1. At first we will bring a small catheter with a little balloon, which will be 

insufflated (show them the tip of the catheter).
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2. Secondly we will give you some medication intravenously, which will help the 
bowel to relax.

3. Thirdly, we will start to insufflate your bowel with some carbon dioxide for 
about 5 minutes. The advantage of this gas is that you will exhale it within a 
few minutes. At first it will feel like you will have to go to the toilet, but at the 
end you might experience some bowel cramps. You should not worry about it, 
as almost everyone experiences this. These cramps will disappear immediately 
after we stop insufflating.

4. After that we will make to scans, one in the supine and one in the prone 
position.

5. This is probably a lot of information, but during the examination we will tell you 
what to do at which moment.

6. In about 10–15 minutes you will be back in the dressing room.

Preparation of the patient
1. Let the patient turn into the left or right decubitus position, depending on 

where the insufflation system is situated.
2. Lubricate catheter (flexible thin rectal catheter with a small (30 mL) balloon on 

the tip).
3. Inspect the anus (haemorrhoids, etc.) and insert the catheter.
4. Insufflate the balloon with air, check if the catheter stays in by pulling at the 

catheter and if there is faecal material coming into the tube. Try to empty the 
tube, as this might give some insufflation problems.

5. Turn the patient back to the supine position. If needed, this is the point at 
which you should give a spasmolytic agent intravenously in the cubital vein (20 
mg of hyoscine butylbromide or 1 mg of glucagon hydrochloride). In case of 
hyoscine butylbromide, check the pulse for tachycardia. If both spasmolytics 
are contraindicated, use none.

6. After injection of the medicine, start the automatic insufflation of carbon 
dioxide. Ask the patient to turn on the right side, let him turn on the back 
after approximately 1.0–1.3 litre and turn the patient on the left side after 
approximately 2.0–2.3 litre until 3.0 litres or 5 minutes of insufflation time are 
reached. Turn the target pressure to 20 mmHg, instead of 25 mmHg (which it 
probably will be at this point). Note: In case there is no flow, check is the tube is 
not clinched. If not most likely there is bowel content in front of the tube. Try to 
squeeze in the bag, while you clinch the tube between the insufflator and the 
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bag, to make sure the air will go in the direction of the catheter. Another cause 
can be the automatic shutdown after a certain amount of litres is insufflated.

Scanning
1. Make the first scout view and check for evidence of collapsed segments. If 

there are no signs of collapsed segments, perform the first scan. Check if the 
distension and preparation (in terms of tagging) are sufficient.

2. Let the patient change position (supine to prone and vice versa).
3. Make the second scout view. Deflate the rectal balloon and perform (in case of 

no evidence for collapsed segments) the second scan.

Note: If the sigmoid or one of the other colon parts was collapsed during the first scan, it might be useful 
to squeeze some extra air into the colon.
Note: During the supine scan, a pillow should be under the patients’ chest.

After the examination
Deflate the balloon and remove the catheter (after switching of the automatic 
insufflator). Ask the patient if he feels well (i.e. not light headed). Make sure the 
dressing room has a toilet, towel and washcloth.

Acquisition
These are our hospital protocols for different indications, performed with our 
64-slice Philips brilliance scanner (Brilliance, Philips Medical Systems, Best, the 
Netherlands).
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Abstract

Background: Although CT colonography is a less invasive alternative for colonoscopy 
for the detection of colorectal polyps and cancer, procedural pain is common. In 
several studies, CT colonography pain and burden is higher than in colonoscopy. 
Apart from discomfort, anxiety and its related stress-induced peri- procedural 
side effects, this may influence the adherence for CT colonography as a possible 
screening tool for colorectal cancer. We hypothesise that a single bolus intravenous 
alfentanil will give a clinically relevant reduction in maximum pain defined as at least 
1.3 point reduction on an 11-point numeric rating scale (NRS).

Methods/Design: A randomised double-blind placebo-controlled trial in which 
patients scheduled for elective CT colonography in a single tertiary centre are 
eligible for inclusion. The first 90 consenting patient will be block-randomised to 
either the alfentanil group or the placebo group. Before bowel insufflation, the 
alfentanil group receives a single bolus intravenous alfentanil 7.5 μg/kg dissolved 
in 0.9% NaCl, while the placebo group receives an intravenous bolus injection of 
pure 0.9% NaCl. For both groups an equal amount of fluid per kilogram (75 μL/kg) 
is injected. The primary outcome is the difference in maximum pain on an 11-point 
NRS. Secondary outcomes include: pain and burden of different CT colonography 
aspects, side effects, procedural time and recovery time. For the primary outcome 
an independent samples t-test is performed and a P value < 0.05 is considered 
statistically significant.

Discussion: This study will provide evidence whether a single bolus intravenous 
alfentanil gives a clinically relevant reduction in maximum pain during CT 
colonography.

Trial registration: Netherlands Trial Register (NTR): NTR2902
This trial will be conducted in accordance with the protocol and in compliance with 
the moral, ethical, and scientific principles governing clinical research as set out in 
the Declaration of Helsinki (1989) and Good Clinical Practice (GCP). The department 
of radiology of the Academic Medical Center of Amsterdam is responsible for the 
design and conduct of the trial.
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Background

Computed tomographic (CT) colonography is an equally accurate and less invasive 
alternative for colonoscopy for diagnosing colorectal cancers and large- to medium-
sized polyps [1–3]. The method is used in clinical practice while it has been adopted as 
colorectal cancer screening tool in the USA and is being considered as such in other 
countries [4,5]. Although CT colonography is less invasive than colonoscopy, pain is 
frequently observed during bowel insufflation [6–12]. Insufflation is a prerequisite 
for accurate visualisation of the bowel wall [13]. Bowel insufflation causes stretching 
of the bowel and may result in colonic cramp which causes pain. In some studies pain 
and/or burden of CT colonography even compares unfavourably with conventional 
colonoscopy under conscious sedation [6–8].
Apart from the discomfort, anxiety and its related stress-induced side effects 
peri-procedural the, the experienced pain may well reduce the adherence of CT 
colonography as a potential screening tool for colorectal cancer. Especially in a 
screening setting - where the majority of participants does not benefit from the 
scan - participants will give a substantial weight to pain and burden compared with 
symptomatic patients who are much more likely to benefit from the scan.
During conventional colonoscopy administration of analgesics is standard. To the 
best of our knowledge, no analgesic is administered during CT colonography. To 
induce sufficient analgesia during CT colonography an opioid will be necessary. 
Studies using preventive oral analgesic agents for acute pain often do not result in a 
significant pain reduction [14–17]. In colonoscopy opioids are routinely used, often 
in combination with a benzodiazepine because of the synergetic effect [18,19]. CT 
colonography is expected to be less painful compared with colonoscopy without 
the administration of analgesic medication. A benzodiazepine as co-medication is 
therefore probably not required. Because of a procedural time of about 20 minutes 
a short-acting opioid like fentanyl or alfentanil will be sufficient and thus prevents 
long recovery times [20–22]. An opioid bolus has been shown to improve pain scores 
during sigmoidoscopy [23]. Alfentanil has the advantage of being one of the most 
short-acting opioids and with the shortest recovery time [20–22]. The need for 
recovery facilities could have detrimental consequences on the clinical use as well 
as for CT colonography as a screening tool and this favours alfentanil [24].
Alfentanil is a relatively safe drug, but has possible side effects like other opioids 
such as: nausea, vomiting, hypotension, bradycardia and respiratory depression. 
However, in low- to medium-dose and without the use of a benzodiazepine, the 
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incidence respiratory depression is extremely low [20,22,25,26]. In a study of 
Cho et al. a bolus injection of 10 μg/kg alfentanil did not induce any hypoxemia, 
desaturations or apnoeas [26].
Before considering analgesia in CT colonography, clinically relevant pain reduction, 
burden and acceptance, without detrimental effects on safety and cost-effectiveness 
should be demonstrated. For assessment of pain during a procedure, a numeric 
rating scale (NRS) is often used instead of a visual analogue scale (VAS), because 
it can be assessed verbally. We have experience with an 11-point NRS for pain 
assessment during our CT colonography procedure and therefore these data can 
serve as pilot data. A reduction of 1.3 points on an 11-point NRS is considered the 
minimum clinically relevant pain reduction [27–29]. To evaluate the effect of an 
intervention with medication such as alfentanil in CT colonography, a randomised 
(placebo) controlled trials is the optimal study design. As alfentanil is dissolved in a 
0.9% saline solution, an ideal placebo would be 0.9% saline, above all because the 
colour and viscosity is similar.
We therefore perform a randomised double-blind placebo-controlled trial to 
evaluate the effect of a single bolus intravenous alfentanil of 7.5 μg/kg on the pain 
during CT colonography. We hypothesise that a single bolus intravenous alfentanil 
will give a clinically relevant reduction in maximum pain defined as at least 1.3 point 
reduction on an 11-point NRS. To the best of our knowledge no previous study 
evaluated the use of analgesia in CT colonography.

Methods/Design

Objectives
Primary objective
To evaluate whether a single intravenous alfentanil bolus (7.5 μg/kg) has a clinically 
relevant analgesic effect in patients undergoing elective CT colonography compared 
with placebo. We have defined a clinically relevant effect as a pain reduction of 1.3 
point on an 11-point NRS [27,29].

Secondary objectives
To assess the difference in:
• Pain score in all insufflation positions (right and left decubitus, supine and 

prone) and the average pain score
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• Pain and burden of all CT colonography aspects (bowel preparation with 
oral iodinated contrast and diet, cannula insertion, rectal catheter insertion, 
insufflation, positional change on table and period after the procedure), and 
total pain and burden of CT colonography

• Side effects of alfentanil during CT colonography including:
○ respiratory effects (apnoea, respiratory frequency, and blood oxygenation)
○ hemodynamics (heart rate and blood pressure)

• Procedure and recovery time
• The most painful and most burdensome aspect of CT colonography

Trial design
This study will be a single-centre randomised double-blind placebo-controlled trial.

Population
Consecutive 90 patients between 18 and 85 years from the Academic Medical Center 
(AMC) of the University of Amsterdam, who give informed consent, will be included. 
The population in the AMC scheduled for CT colonography is a mixed group of sexes, 
ethnic backgrounds, and mostly elderly patients.

Exclusion criteria
• Hypotension (systolic blood pressure < 90 mmHg)
• Bradycardia (heart rate < 50 beats per minute)
• Severe chronic obstructive pulmonary disease
• Known allergy for alfentanil
• Pregnancy (if the patient indicates any chance of being pregnant, this will be 

tested)
• Known severe liver disease defined as a Child-Pugh score of > 4
• Use of MAO-inhibitors or within two weeks before the CT colonography 

procedure
• Use of barbiturates, opiates or daily benzodiazepine use
• Known increased intracranial pressure
The number of excluded patients and the reasons for their exclusion will be recorded 
and also reported in the following article.
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Sample size
The sample size calculation was aimed at the detection of a difference in pain score 
between the alfentanil and placebo group. We calculated average pain score and 
standard deviation of a population screening trial performed in the AMC where the 
same insufflation procedure and 11-point NRS were used. The standard deviation 
was 2.6 in the pilot data. Based on our clinical experience with alfentanil we assumed 
alfentanil will cause a reduction of 1.5 on an 11-point NRS. We tested this with a 
one-sided test, using 0.05 significance and 80% power. An independent samples 
t-test to compare means in two groups in nQuery Advisor 7.0, results in groups of 
38 subjects. With an anticipated withdrawal rate of approximately 5%, we aim to 
include 45 patients per group.

Informed consent
Patients scheduled for an elective CT colonography procedure will be asked by 
telephone to participate (Figure 1). The exclusion criteria will be checked during this 
conversation and if they are eligible for inclusion and interested in participating in 
our study, the patient information will be sent. Patients are included after written 
informed consent. Patients may decide to participate in our study until two days 
before CT colonography.

Intervention
Subjects randomised to group 1 will receive alfentanil (Rapifen, Janssen-Cilag, 
Tilburg, the Netherlands) 7.5 μg/kg intravenously through a 20 Gauge intravenous 
cannula. Subjects randomised to group 2 will receive a placebo, in this study a 
0.9% saline solution 75 μL/kg through a 20 Gauge intravenous cannula. For both 
groups an equal amount of fluid (75 μL/kg) will be injected. This placebo is chosen 
because alfentanil is dissolved in 0.9% saline solution. After administration of the 
spasmolytic agent the line is flushed with 5 mL 0.9% and again after administration 
of the study medication. Both the physician performing the CT colonography scans 
as well as the patient are blinded to the allocated group. Oxygen saturation, heart 
rate, and blood pressure will be measured during the CT colonography procedure, 
using a pulse oximeter and automated blood pressure monitor. A pain evaluation 
will be performed during insufflation in left decubitus, right decubitus, supine and 
prone position (see section pain evaluation). Two questionnaires with 22 and 17 
questions, mostly multiple-choice, will be given during this study: the first before 
randomisation and the second after completion of CT colonography.
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CT colonography
Both preparation and insufflation are performed as used in current clinical practice in 
our institution. The preparation for CT colonography consists of two bottles of 50 mL 
iodinated contrast, meglumine ioxithalamate (Telebrix, Guerbet, Aulnay sous Bois, 
France), the day before and one bottle in the morning of CT colonography and a low-
fibre diet for these days [30]. Colonic distension will be obtained by the automated 
administration of carbon dioxide (PROTOCO2L, Bracco, EZEM, Lake Success, USA) 
through a flexible 20 French rectal tube after intravenous administration of 1 mL 
(20 mg) hyoscine butylbromide (Buscopan, Boehringer-Ingelheim, Ingelheim, 
Germany) or, if contraindicated 1 mL (1 mg), glucagon hydrochloride (GlucaGen, 
Novo Nordisk A’S, Bagsvaerd, Denmark). Insufflation takes place in three positions: 
right decubitus, left decubitus, and supine position. The aim is to insufflate three 
litres of carbon dioxide with 1.3, 0.9, and 0.8 litres per position, respectively. After 

Figure 1 Flow chart according to the CONSORT statement 2010.
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five minutes the insufflation is stopped, whether the target of three litres is reached 
or not. The scan is performed using a 64-slice CT scanner (Brilliance, Philips Medical 
Systems, Best, the Netherlands) using dose modulation. A scan is performed in 
both supine and prone position. In case of clinical suspicion of colorectal cancer, 
100 mL intravenous iodinated contrast agent, iopromide (Ultravist 300, Bayer B.V., 
Mijdrecht, the Netherlands) will be administered in supine position. Otherwise both 
series are unenhanced.

Parameters unenhanced CT:
120 kV
40 reference mAs
64 × 0.625 detector rows
0.9 mm slice thickness

Parameters contrast-enhanced CT:
120 kV
200 or 250 reference mAs
64 × 0.625 detector rows
0.9 mm slice thickness

Analgesia
One of the two independent research physicians, who are in control of the 
randomisation list, will prepare the alfentanil or the placebo. Subsequently, a 
blinded qualified physician, who performs the CT colonography, will infuse the 
medication/placebo via the intravenous cannula over a period of approximately two 
minutes. The medication/placebo is given 1.5 minutes after hyoscine butylbromide 
or glucagon hydrochloride is given and the average blood pressure and heart rate 
has been recorded. hyoscine butylbromide influences the heart rate and blood 
pressure. After 1.5 minutes the effect of hyoscine butylbromide on the heart rate 
and blood pressure is present and a reliable baseline value can be registered.

Monitoring
During the whole procedure, the patients will be monitored using a pulse oximeter. 
An automatic blood pressure device will monitor the blood pressure before 
administration of the spasmolytic agent and 1.5 minutes after the spasmolytic 
agent is given intravenously. After the first blood pressure measurement the blood 
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pressure is automatically measured and recorded every five minutes. The heart rate 
and oxygen saturation is continuously recorded by pulse oximetry.

Pain evaluation
During the procedure pain is assessed immediately after insufflation in left decubitus, 
right decubitus, supine and after scanning in prone position using an 11-point NRS. 
This score starts at 0, meaning no pain at all and ends at 10 means the worst pain 
imaginable. The score therefore contains 11 points. All four pain scores will be 
reported.

Time
The begin time and end time of the CT colonography procedure will be noted. The 
begin time is defined as the moment the patient enters the CT scanner room after 
changing clothes. The end time is defined as the moment the patient leaves the CT 
scanner room after the CT scan has been performed. Additionally, the time from the 
start of the procedure until the end time of recovery is noted. The end of recovery is 
defined as the time that the first Aldrete score of 9 or higher is measured.

Questionnaires
All patients scheduled for clinical CT colonography will receive patient information 
and an informed consent form. Along with these forms, a pre-procedural 
questionnaire is sent to assess the baseline characteristics and expectations:
•  Baseline characteristics include: age, gender, marital status, ethnicity, and 

education
• Expectations include burden and pain of: the bowel preparation, intravenous 

cannula insertion, bowel insufflation, and the total procedure on a standard 
formatted 5-point scale (no pain, mild pain, moderate pain, severe pain, and 
very severe pain)

A post-procedural questionnaire is given 30 minutes after the procedure. This time 
is standardised because the time between the procedure and the questionnaire 
may influence the answers. This questionnaire is designed to assess the experienced 
burden and acceptability:
• Experience includes burden and pain of: the bowel preparation, intravenous 

cannula insertion, bowel insufflation, and the total procedure on standard 
formatted 5-point scale (identical to the pre-procedural form)
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• Which aspect of the procedure was most painful or burdensome (bowel 
preparation, intravenous cannula insertion, rectal catheter insertion, bowel 
insufflation, turning on the examination table or symptoms after examination)

• Acceptance includes: if they would accept this as a method for population 
screening

Both the pre-procedural questionnaire and post-procedural questionnaire are based 
on questionnaires used in a previous CT colonography trial [4].

Adverse events
Serious adverse event as defined by the ICH Guidelines for Good Clinical Practice 
E6 will be recorded and reported and mild adverse events, such as nausea will be 
recorded.

Safety
An oxygen mask, an AMBU set, and naloxone will be available on site. The research 
physician, who prepares the study medication, will leave a signed sealed envelope 
(with patient name and patient number) with the given medication, which can be 
opened in case a serious adverse event occurs. The most serious adverse event 
caused by alfentanil within this setting is respiratory depression. The person 
administering alfentanil is trained in advanced life support; ensuring that this 
individual is competent in diagnosing respiratory depression and performing 
the appropriate treatment. In case of respiratory depression the patient will be 
ventilated, using a bagging bag with mask. Therefore oxygen, mask, and a bagging 
bag will be nearby. To antagonise the induced respiratory depression 0.2–0.4 mg 
naloxone (B. Braun, Melsungen, Germany) will be given if necessary and can be 
repeated every 2–3 minutes. As extra precaution, a rescue plan has been created 
describing all steps that need to be performed in case of respiratory depression, 
hypotension, and bradycardia. The anaesthesiologists on call for emergency 
situations are informed about all CT colonography exams that will be performed.

Recovery criteria
Each patient has to be observed by a blinded qualified staff member for one hour 
after the CT colonography procedure. For the monitoring of the recovery, the Aldrete 
score [31], a very commonly used score for recovery monitoring, is used at arrival at 
the recovery room and at 30 and 60 minutes after alfentanil administration (Figure 
2). A score of 9 or higher obtained at 60 minutes is considered as ready for discharge 
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and the participant may go home. If the score is lower than 9, another Aldrete score 
will be performed at 90 and 120 minutes. All scores will be recorded.

Statistical analysis
SPSS version 16.0 is used for all statistical calculations. A P value of 0.05 is defined as 
significant. Baseline characteristics are summarised with descriptive statistics. For 
categorical data the numbers or proportions are given, for normal distributed data 
the mean and standard deviation and for not normal distributed data the median 
with percentiles.

Aldrete score:
 » Motoric activity
•	Spontaneous movement when addressed   2
•	Weak spontaneous movements when addressed   1
•	No movement      0

 » Breathing
•	Coughs on comment or cries     2
•	Keeps the airway open      1
•	Obstructed airways      0

 » Blood pressure compared to reference measurement*
•	Δ < 20 mm Hg      2
•	Δ = 20 – 50 mm Hg     1
•	Δ > 50 mm Hg       0

 » Consciousness
•	Awake       2
•	Response to stimulus, reflexes intact    1
•	No answer, reflexes absent      0

 » Oxygen saturation 
•	100 - 98 %       2
•	97 - 95 %       1
•	 < 95 %        0

*Reference measurement is performed 1½ minutes after 

administration of the spasmolytic agent.

Figure 2 Aldrete recovery criteria
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Differences between the alfentanil group and the placebo group will be tested for 
significance. For the calculation of differences in pain scores per position, average, 
and the maximum pain score during the procedure will be calculated using an 
independent samples t-test.
Differences in burden of different aspects of the procedure as well as the total 
procedural burden will be calculated using a chi-square test. Differences in the most 
burdensome aspect will also be calculated using the chi-square test. Differences in 
procedural time and recovery time will be calculated using an independent samples 
t-test.
We will test the associations between the baseline characteristics (independent 
variables mentioned below) and pain scores. As we consider the pain scores as 
continuous data, for this approach we will perform linear regression analyses.
Univariate analyses will be performed with pain scores as dependent variable and 
the following variables as independent variables: age, sex, BMI, education, ethnicity, 
expected burden, scan indication (including abdominal pain), known diseases and 
diagnosis, and whether it is the first CT colonography. Subsequently, the variables 
with a P value < 0.1 will be included in the multivariate analysis. In case more than 
four variables turn out to result in a P < 0.1, the four most influential variables will 
be used in the multivariate analysis. A stepwise backward selection strategy will be 
used, with a P value < 0.05 considered statistically significant.

Ethical approval
Ethical approval was obtained from the Medical Ethics Committee of the Academic 
Medical Center, Amsterdam, the Netherland (NL35916.018.11). A marginal review 
was performed by the National Authority, the Central Committee on Research 
Involving Human Subjects (CCMO), and there were no objections to perform this 
study (NL35916.018.11 BI).

Discussion

CT colonography is a structural examination of the colon and rectum. It is used 
in high risk patients as an alternative for colonoscopy or in case colonoscopy is 
incomplete or contraindicated. Although CT colonography is less invasive, results 
on pain and burden during these examinations in literature are variable. Several 
studies show higher procedural pain and burden for CT colonography compared 
with colonoscopy with conscious sedation due to air or carbon dioxide insufflation 
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[6–8]. With an appropriate analgesic agent, CT colonography may not only be less 
invasive, but also less painful and less burdensome, which would be advantageous 
for patients.
Additionally, the screening test for colorectal cancer is still under debate. Several 
screening tools are available such as faecal occult blood test, sigmoidoscopy, 
colonoscopy, and CT colonography. The effectiveness of a screening tool is 
influenced by both participation and yield. Colonoscopy and CT colonography are 
the most sensitive techniques for the detection of colorectal neoplasia, i.e. colorectal 
cancer and its precursor, colorectal advanced adenomas [32]. The advantages of 
colonoscopy are the highest sensitivity and opportunity for direct polyp removal. 
Advantages of CT colonography are that this technique is less invasive and has a very 
low complication rate [33]. CT colonography adherence and participation most likely 
will be influenced by a clinically relevant reduction in pain and burden experienced 
during the examination and therefore may have impact on the principal outcome 
measure of colorectal cancer screening, i.e. the number of advanced neoplasia per 
100 invitees.
This RCT will provide evidence whether a single bolus intravenous alfentanil gives a 
clinically relevant reduction in maximum pain during CT colonography. Furthermore, 
this study will provide information about the effect of alfentanil on pain and burden 
of different CT colonography aspects, side effects, adverse events, procedural time 
and recovery time. We expect a clinically relevant reduction of procedural pain and 
burden without adverse events and recovery time. This could make CT colonography 
a more patient-friendly examination and is likely to increase participation for its use 
as a screening tool.
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Abstract

Background: Pain is common during colonic insufflation required for CT 
colonography. We therefore evaluate whether a single intravenous alfentanil 
bolus has a clinically relevant analgesic effect compared with placebo in patients 
undergoing CT colonography.

Methods: A prospective multi-centre randomised double-blind placebo-controlled 
trial was performed in patients scheduled for elective CT colonography. Patients 
were randomised to receive either a bolus of 7.5 μg/kg alfentanil (n = 45) or placebo 
(n = 45). The primary outcome was the difference in maximum pain during colonic 
insufflation on an 11-point numeric rating scale. We defined a clinically relevant 
effect as a maximum pain reduction of at least 1.3 points. Secondary outcomes 
included total pain and burden of CT colonography (5-point scale), the most 
burdensome aspect and side effects. Our primary outcome was tested using a one-
sided independent samples t-test.

Results: Maximum pain scores during insufflation were lower with alfentanil as 
compared with placebo, 5.3 versus 3.0 (P < 0.001). Total CT colonography pain 
and burden were also lower with alfentanil (2.0 vs. 1.6; P = 0.014 and 2.1 vs. 1.7; 
P = 0.007, respectively). With alfentanil fewer patients rated the insufflation as most 
burdensome aspect (56.1% vs. 18.6%; P = 0.001). Episodes with desaturations < 90% 
SpO2 were more common with alfentanil (8.1% vs. 44.4%; P < 0.001, but no clinically 
relevant desaturations occurred.

Conclusions: A low-dose intravenous alfentanil bolus provides a clinically relevant 
reduction of maximum pain during CT colonography and may improve the CT 
colonography acceptance, especially for patients with a low pain threshold.

Trial registration: Dutch Trial Register: NTR2902
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Background

Computed tomographic (CT) colonography is an accurate technique for the 
detection of colorectal cancer and clinically relevant polyps and it is a less invasive 
alternative for colonoscopy [1–7]. In clinical practice CT colonography is widely used 
and it has been adopted as colorectal cancer screening tool in the United States and 
is considered for screening in other countries [8, 9].
Sufficient colonic distension is mandatory for visualisation of the bowel wall [10], but 
insufflation causes the bowel to stretch and may result in painful colonic cramps [11–
16]. Colonic insufflation is one of the most burdensome aspects of CT colonography 
[13–15]. In several studies the pain and burden scores of CT colonography even 
compare unfavourably with conventional colonoscopy under conscious sedation [11, 
12, 15, 16], although in other studies CT colonography is favoured over colonoscopy 
[3, 17]. However discomfort, pain and anxiety (including possible side effects of 
anxiety [18]) are detrimental for acceptance of the test, both in clinical practice as 
in screening.
During conventional colonoscopy administration of analgesics is regular practice. To 
the best of our knowledge, no analgesics are administered during CT colonography 
and no studies have evaluated this option. To induce sufficient analgesia for acute 
pain during CT colonography an opioid is most suitable because of the analgesic 
potency [19–21]. Hereby intravenous administration allows more precise timing of 
the peak effect compared with oral administration.
In sigmoidoscopy, a fentanyl bolus has been shown to improve pain scores [22]. 
Because of the CT colonography procedure time is approximately 20 minutes [23] an 
opioid with a rapid onset and short elimination time would be suitable and prevents 
long recovery times. Alfentanil is such a short-acting opioid (maximum effect within 
1–2 minutes and subsequent distribution half life values of 1 and 14 minutes) [24]. 
The need for recovery facilities could have negative consequences for its widespread 
clinical use for CT colonography and in particular in screening [25].
Before considering the use of opioids during CT colonography, it is necessary to 
demonstrate a clinically relevant pain reduction, beneficial effect on the burden and 
acceptance, without detrimental effects on safety, procedure time and recovery 
time.
We hypothesised that a single bolus intravenous alfentanil will give a clinically 
relevant reduction in maximum pain defined as at least 1.3 point reduction on an 
11-point numeric rating scale [26–28].

Boellaard.indd   107 4-11-2013   9:22:50



Chapter 6

108

Methods

Design
We performed a prospective, multi-centre, randomised, double-blind, placebo-
controlled trial to evaluate whether a single bolus intravenous alfentanil has a 
clinically relevant analgesic effect in patients scheduled for elective CT colonography. 
We evaluated possible differences between alfentanil and placebo at different time 
points (Figure 1). This study was approved by the institutional review board of the 
Academic Medical Center and all participants gave their written informed consent. 
The study protocol has previously been described in detail [29] and the trial was 
registered in the Dutch Trial Register: NTR2902. The CONSORT 2010 Statement was 
used as guide for our reporting [30].

Figure 1 Flow chart of the study.
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Outcomes measures
The primary outcome was the difference in maximum pain score between patients 
receiving alfentanil compared with placebo. We had defined a clinically relevant 
effect as a pain reduction of at least 1.3 point on an 11-point numeric rating scale, as 
this is considered the minimally important difference using this scale [26–28].
Secondary outcome measures were differences between patients receiving 
alfentanil and placebo regarding: pain scores per insufflation position, pain and 
burden of the CT colonography procedure and individual CT colonography aspects 
(e.g. insufflation, bowel preparation etc.), side effects, vital parameters, procedure 
time and recovery time.

Population
Consecutive patients aged 18–85 years and scheduled for elective CT colonography 
were assessed for eligibility in two institutions in Amsterdam, the Netherlands: 
Academic Medical Center, University of Amsterdam (academic institution) and Onze 
Lieve Vrouwe Gasthuis (teaching hospital). Patients were assessed for eligibility by 
telephone by one of the research physicians (T.N.B., M.P.P. or L.J.S.). CT colonography 
was performed in symptomatic and surveillance patients only. We used the 
following exclusion criteria: heart rate < 50 beats per minute; systolic blood pressure 
< 90 mmHg; severe chronic obstructive pulmonary disease; liver disease defined 
as a Child-Pugh score of > 4; alfentanil allergy; pregnancy; increased intracranial 
pressure; use of MAO-inhibitors within two weeks before CT colonography; use of 
barbiturates, opiates or daily benzodiazepine.

Power calculation
We powered to detect a difference in maximum pain score between the placebo 
and alfentanil group, using nQuery Advisor 7.0 (Statistical Solutions Ltd., Cork, 
Ireland). Based on our anaesthesiologists (S.E. and M.W.H.) experience a maximum 
pain reduction of 1.5 points was expected. A previously performed population 
screening trial served as pilot data to assess distribution and standard deviation 
[15]. We calculated for a one-sided t-test, 1.5 point difference, 80% power, 0.05 α 
error and a standard deviation of 2.6. We assumed 5% withdrawal and therefore our 
calculation resulted in groups of 45 patients.
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Intervention
Two research physicians (J.H.R. and M.C.H.) generated a randomisation list using 
nQuery. The list was kept by three research physicians (J.H.R., M.C.H. and J.A.W.T.) 
not involved in the patient recruitment, CT colonography procedure or data 
collection. Included patients were randomised into two groups of 45 patients 
(1:1 ratio and blocks of six). Group 1 received a single bolus of 7.5 μg/kg actual 
body weight alfentanil (Rapifen, Janssen-Cilag, Tilburg, the Netherlands). Group 2 
received 0.9% saline solution as placebo. Both groups received 0.075 mL/kg actual 
body weight fluid. Study medication was prepared by the physicians who kept the 
randomisation list. The medication ampule was placed in a signed sealed envelope 
near the CT scanner room to allow deblinding in case of a medical emergency. The 
study medication was administered (double-blind) through a 20 Gauge intravenous 
cannula, 1½ minute following administration of a spasmolytic agent. After the 
procedure one of the physicians who kept the randomisation list collected the 
envelope.

CT colonography
We used a 24-hour preparation with low-fibre diet and three or four bottles 50 mL 
iodinated contrast, meglumine ioxithalamate (Telebrix, Guerbet, Aulnay sous 
Bois, France) [31, 32]. For bowel relaxation 1 mL (20 mg) hyoscine butylbromide 
(Buscopan, Boehringer-Ingelheim, Ingelheim, Germany) or, if contraindicated 1 mL 
(1 mg) glucagon hydrochloride (GlucaGen, Novo Nordisk A’S, Bagsvaerd, Denmark) 
was used [33, 34]. An automated carbon dioxide insufflator (PROTOCO2L, Bracco, 
EZEM, Lake Success, USA) and a flexible 20 French rectal catheter were used with 
insufflation in three positions: right decubitus, supine and left decubitus position. We 
aimed for three litres insufflation (1.3, 0.8 and 0.9 litres per position, respectively). 
The insufflation pressure was gently increased during insufflation (maximum 
pressure of the insufflator is 25 mmHg) and set on 20 mmHg when the target 
volume of three litres was met or after five minutes of insufflation irrespective of 
the target volume. Subsequently scan acquisitions were performed in prone and 
supine position and intravenous contrast medium iopromide (Ultravist 300, Bayer 
B.V., Mijdrecht, the Netherlands) was given in case of clinical suspicion for colorectal 
cancer. Prone position was the first acquisition position when intravenous contrast 
medium was used and the second scan position when only unenhanced acquisitions 
were performed.
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Evaluation during procedure
Pain scores were assessed with an 11-point numeric rating scale at the end of prone 
scan acquisition position and for all three insufflation positions (0 = no pain and 
10 = worst pain imaginable).
During the procedure, patients’ vital parameters were monitored (PM50, Contec 
Medical Systems CO, LTD, Qinhuangdao, China). We registered values at standard 
time points: before spasmolytic injection, 1½ minutes after spasmolytic injection 
and at 5 and 10 minutes after starting the alfentanil injection. The value 1½ minute 
after spasmolytic injection was the reference value for comparisons with values 
after study medication injection, because the spasmolytic can influence the vital 
parameters [35]. Heart rate and oxygen saturation were measured continuously with 
the same device and stored measurements were analysed afterwards. Furthermore 
all side effects and the time in the scanner room were recorded.

Monitoring
To evaluate recovery after the procedure the Aldrete score, a commonly used 
recovery score [36, 37], was assessed at arrival in the waiting room and at 30 and 
60 minutes after administration of the study medication (Figure 2) [38].

Figure 2 Modified Aldrete score [38] which was assessed at three time points: at arrival in the 
waiting room after the procedure, and at 30 and 60 minutes after study medication injection. 
The maximum Adrete score is 10.
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Questionnaires
Baseline characteristics, procedure expectations and procedure experience were 
assessed using a pre- and post-procedural questionnaire and largely originated from 
a previous study [15]. The pre-procedural questionnaire consisted of 22 questions 
and was filled out before randomisation and the post-procedural questionnaire 
consisted of 17 questions and was filled out 30 minutes after the procedure. 
Questions about expectations included burden and pain of the bowel preparation, 
intravenous cannula insertion, bowel insufflation, and the total procedure on a 
standard formatted 5-point scale (not at all, slight, some, rather, and extremely). 
Identical questions on experience were asked using the same standard formatted 
5-point scale. Further, the most painful or burdensome aspect was assessed and 
whether they would accept CT colonography as a screening test.

Follow-up
All patient symptoms reported to their general practitioner up to one month after 
the procedure were assessed for their likelihood of being related to alfentanil by two 
blinded anaesthesiologists (S.E. and M.W.H.).

Image evaluation
Two independent observers (T.N.B. and G.K., both evaluated > 250 CT colonographies) 
evaluated all CT images for distension, collapse, diagnostic adequacy and 
diverticulosis [39]. Evaluation was done for six segments separately and distension 
and collapse was also evaluated for prone and supine separately. Bowel distension 
was scored on a 4-point scale based on the worst part of the segment (0–25%, 25–
50%, 50–75% and 75–100% distension) [40]. The presence of collapse was scored 
(yes or no). To assess diagnostic adequacy, observers scored whether detection of 
≥ 6 mm lesions was possible based on the distension of prone and supine position 
combined (yes or no). Diverticulosis was scored on a 4-point scale [41].

Statistics
All calculations were performed using SPSS version 18.0 (SPSS inc., Chicago, Illinois, 
USA) and a P value of < 0.05 indicated a statistically significant difference. All data 
entry was completed before deblinding. For the difference in maximum pain score 
during insufflation, we used a one-sided independent samples t-test. Univariate 
analyses were performed with linear regression to identify possible confounders. 

Boellaard.indd   112 4-11-2013   9:22:51



A multi-centre randomised double-blind  placebo-controlled trial to evaluate the value of a single 
bolus intravenous alfentanil in CT colonography

113

6

The four most influential variables with a P < 0.1 would be included in a multivariate 
analysis.
For time calculations and pain scores per position we used a two-sided independent 
t-test. Differences between categorical values were determined using a Chi-square 
test and binary values with the Fishers exact test. A (weighted) kappa was calculated 
to assess interobserver agreement with regards to distension, collapse, diagnostic 
adequacy and diverticulosis scores. We used the first observer scores to perform 
ordered regression for distension scores. Variables with P < 0.1 in univariable 
analysis were added to the regression analysis as confounder (diverticulosis, BMI and 
spasmolytic were tested). Logistic regression was used for collapse and diagnostic 
adequacy scores.

Results

Between May 2011 and June 2012 a total of 179 patients were screened for eligibility. 
We included 90 patients, 54 did not consent and 35 were excluded (Figure 1). 
Baseline characteristics were similar for both groups (Table 1). All participants filled 
out pre- and post- procedural questionnaires and none of the patients was lost to 
follow-up.

Evaluation during procedure
Maximum insufflation pain in the alfentanil group was 2.3 (95%CI 1.3–3.4) point 
lower on the 11-point numeric rating scale compared with the placebo group (Table 
2). All possible confounders were equally distributed over the groups and all possible 
confounders had a P > 0.1 in the univariate analysis. Therefore we did not perform a 
multivariate analysis or correct for confounders.
Significant differences in pain score between the alfentanil group and placebo group 
were also present for all insufflation positions separately. The amount of medication 
given, litres insufflation, pressure at the end of insufflation and procedural time 
were similar (Table 2).
Side effects during CT colonography are summarised in Table 3. Only dizziness and 
desaturations (SpO2 < 90% of any duration) were significantly more common in the 
alfentanil group. All desaturations resolved spontaneously and none of the side 
effects interfered with the procedure.
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Shows mean values, unless indicated otherwise; medians are presented for oxygen saturation, 
expected pain and burden. For all percentage the numbers are given between brackets. No 
significant differences were present between baseline characteristics of the two groups.

Table 1  Baseline patient characteristics

Characteristic Placebo
(n = 45)

Alfentanil
(n = 45)

P value

Male (%) 44.4 (20/45) 31.1 (14/45) 0.28
Age (years) 62.2 62.7 0.86
Weight (kg) 75.5 76.3 0.83
Height (cm) 172 170 0.41
BMI (kg/m2) 25.6 26.2 0.59
Education (%)
 primary
 secondary
 tertiary

6.7 (3/45)
53.3 (24/45)
40.0 (18/45)

6.7 (3/45)
46.7 (21/45)
46.7 (21/45)

0.83

Ethnicity (%)
 Dutch
 Surinam
 other

93.3 (42/45)
4.4 (2/45)
2.2 (1/45)

91.1 (41/45)
6.7 (3/45)
2.2 (1/45)

0.90

First CT 
colonography (%)

100 (45/45) 100 (45/45) 1.00

Indication 
abdominal pain (%)

29.5 (13/44) 15.9 (7/44) 0.20

Spasmolytic (%):
  buscopan
  glucagon
  no 

86.7 (39/45)
13.3 (6/45)

0 (0/45)

84.4 (38/45)
13.3 (6/45)
2.2 (1/45)

0.60

Oxygen saturation 
(%SpO2)

98 98 0.47

Heart rate (b/m) 77.8 79.0 0.70
Systolic blood 
pressure (mmHg)

155 158 0.59

Diastolic blood 
pressure (mmHg)

86 89 0.28

Expected burden 
(1-5)

3 3 0.31

Expected pain (1-5) 3 3 0.46
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Table 2  Procedural characteristics
Outcome Placebo

(n = 45)
Alfentanil

(n = 45)
P value

Maximum pain score 5.3  (2.5) 3.0  (2.5) < 0.001
Pain score
      1 right decubitus
      2 supine
      3 left decubitus
      4 prone

1.8  (2.4)
3.4  (2.6)
5.1  (2.5)
3.0  (2.6)

0.4  (1.0)
1.4  (2.0)
2.6  (2.2)
1.6  (2.5)

< 0.001
< 0.001
< 0.001

0.01
Volume CO2 
insufflation (litre)

4.6  (1.4) 4.7  (1.2) 0.99

Pressure at end 
insufflation
(mmHg) 

22  (20–25) 22  (19–25) 0.81

Procedural time 
(minutes)

24.4  (4.2) 24.8  (4.7) 0.64

Provides mean values with the standard deviation between brackets. Except the pressure 
at the end of insufflation which is a median value with interquartile range. Pain scores 1, 2 
and 3 were asked before performing the scan acquisitions. Pain score 4 was asked with the 
patient in the prone scan position. No pain score was asked during the supine scan position.

Table 3  Side Effects
Placebo Alfentanil P value

Nausea 2.2  (1/45) 6.7  (3/45) 0.62
Vomiting 0.0  (0/45) 2.2  (1/45) 1.00
Dry mouth 2.2  (1/45) 0.0  (0/45) 1.00
Blurry vision 4.4  (2/45) 2.2  (1/45) 1.00
Dizziness 4.4  (2/45) 37.8  (17/45) < 0.001
Sleepy 0.0  (0/45) 2.2  (1/45) 1.00
Dyspnoeic 0.0  (0/45) 2.2  (1/45) 1.00
Sweating 0.0  (0/45) 2.2  (1/45) 1.00
Pressure sensation 0.0  (0/45) 2.2  (1/45) 1.00
Desaturation (SpO2 < 90%) * 8.1  (3/37) 44.4  (16/36) < 0.001
Desaturation > 15 seconds (SpO2 < 90%) 8.1  (3/37) 19.4  (7/36) 0.19
Desaturation (SpO2 < 85%) # 2.7  (1/37) 16.7  (6/36) 0.06
Desaturation > 15 seconds (SpO2 < 85%) # 0.0  (0/37) 0.0  (0/36) 1.00
Irregular heart rhythm 18.9  (7/37) 16.7  (6/36) 1.00
Systolic blood pressure at 5 minutes (20% decrease) 8.9  (4/45) 11.1  (5/45) 1.00
Diastolic blood pressure at 5 minutes (20% decrease) 20.0  (9/45) 15.6  (7/45) 0.78
Heart rate at 5 minutes (20% decrease) 4.4  (2/45) 0.0  (0/45) 0.49

Shows the percentage of patients with different side effects for the placebo and alfentanil 
group.
* All > 15seconds and < 85% desaturations are also counted for this category.
# All < 85% saturations lasted 2–9 seconds, on average 4.2 seconds
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Experience questionnaire
Median pain and burden of intravenous cannula insertion were 1 (IQR 1–2) for both 
groups combined. Median pain and burden of the bowel preparation were 1 (IQR 
1–1.25) and 2 (IQR 1–3) for both groups combined. Other experience questionnaire 
outcomes are reported in Table 4. Pain and burden of the insufflation procedure and 
total CT colonography procedure were in favour of the alfentanil group (Figure 3).

Monitoring and Recovery
Vital parameters are shown in Figure 4. For both groups the only significant 
difference was found between heart rate baseline measurement 1½ minute after 
spasmolytic injection and 5 minutes after study medication injection. As shown in 
Table 5, the Aldrete score was only significantly lower for the alfentanil group at 
arrival in the waiting room.

Figure 3 
Distribution of pain and burden scores (5-point scale) of colonic insufflation and the total CT 
colonography procedure. Above the bars the medians, means and P values are presented 
(from top to bottom). Pain and burden of insufflation and complete CT colonography 
procedure were significantly lower with alfentanil.
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Table 4  Experience questionnaire
Outcome Placebo Alfentanil P value

Average insufflation pain 3.8 (2.1) 1.8 (2.0) < 0.001
Insufflation most burdensome aspect 56.1% (23/41) 18.6% (8/43) 0.001
Insufflation most painful aspect 60.0% (24/40) 34.1% (15/44) 0.053
Advise for screening 92.7% (38/41) 100% (44/44) 0.11

Shows the mean insufflation pain with standard deviation between brackets. For the other 
outcomes the percentages are provided with the numbers between brackets.

Figure 4 Systolic and diastolic blood pressure, the heart rate and saturation over time for the 
alfentanil and placebo group. * indicates a significant difference.
Statistical differences were calculated between the reference measurement 1 ½ minutes 
after spasmolytic and 5/10 minutes after alfentanil injection. The heart rate was significantly 
higher after 5 minutes for both placebo and alfentanil group. No other significant differences 
were observed.
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Colonic distension
For all segments and both positions combined no correlation was seen between 
distension scores and randomisation group (BMI and diverticulosis were 
confounders) (P = 0.41). Additionally no difference was found for supine (P = 0.60) 
and prone (P = 0.54) separately. Alfentanil did not influence the total number of 
collapsed segments (P = 0.25), nor the diagnostic adequacy (P = 0.15). Interobserver 
agreement was good for distension and diagnostic adequacy (kappa value 0.62 and 
0.65). Interobserver agreement was very good for collapse and diverticulosis, both 
0.81.

Follow-up
Six patients had reported symptoms to the general practitioner in the month after the 
CT colonography. Three of these were in the alfentanil group. Two of the complaints 
were rated as possibly related to alfentanil (i.e. constipation and dysuria).

Discussion

A single bolus 7.5 μg/kg intravenous alfentanil results in a clinically relevant 
reduction in maximum pain during colonic insufflation required for CT colonography. 
Importantly, alfentanil also reduced the total pain and burden of the complete CT 
colonography procedure. Alfentanil did not influence the procedure time and with 
alfentanil fewer patients considered colonic insufflation the most burdensome 
aspect of CT colonography. Dizziness and desaturations were the most common side 
effects of alfentanil, though recovery times were short.
The reduction of maximum pain was more than the 1.3 points on an 11-point numeric 
rating scale as we hypothesised and which is considered the minimum clinically 
relevant difference [26–28]. For this scale, a pain score reduction of 2–2.4 points or 
33–35% may be of even greater clinical importance [26, 27, 42]. Both these criteria 

Table 5  Median Aldrete Score 
Time point Placebo Alfentanil P value
Arrival 10 (9–10) 9 (9–10) 0.047
30 minutes 10 (9–10) 9 (9–10) 0.16
60 minutes 10 (9–10) 9 (9–10) 0.10

Shows median values with interquartile ranges of the Aldrete scores at arrival, 30 minutes 
and 60 minutes after study medication injection. Eight was the lowest Aldrete score in both 
groups.
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are also met with the reduction we observed. Pain scores during the prone scan 
acquisition position was 3.0 in the placebo group and thus lower than during the 
left decubitus position, likely due to decreased pressure after initial insufflation or 
habituation to the insufflated colon [41].
Importantly, also the pain and burden of the total CT colonography procedure were 
reduced. The effect of alfentanil was more evident on the most burdensome aspect, 
than on the most painful aspect. This is likely because patients experience the bowel 
preparation as burdensome, but not as painful. With alfentanil, the insufflation 
becomes less burdensome and therefore the burden of the bowel preparation 
becomes relatively more important.
The observed dizziness and desaturations are known side effects of alfentanil. The 
desaturation in the placebo group may indicate that some patients experience 
spontaneous desaturations during the day. Importantly, all desaturations were 
not clinically relevant, because they were short and self-limiting we did not had to 
perform any intervention.
Although we found desaturations with alfentanil, we did not find a SpO2 reduction 
at 5 and 10 minutes after alfentanil injection. Conti et al. observed a significant 
saturation reduction with a 10 μg/kg bolus intravenous alfentanil in ASA 1 patients 
during minor surgery or endoscopy [43].
In colonoscopy opioids are commonly used in combination with a benzodiazepine 
to induce amnesia. We did not consider this mandatory for CT colonography while 
this combination leads to a greater respiratory depressant effect than opioids only. 
The benzodiazepine-induced drowsiness may complicate the CT colonography 
procedure and recovery facilities may be required.
A number of limitations have to be acknowledged. The dizziness caused by alfentanil 
may have partly affected the double blind character of the trial. We had anticipated 
this however, to our knowledge no substance is available that causes dizziness in 
an equal number of patients as alfentanil and that does not affect the outcomes. 
We chose to use 0.9% saline solution for the placebo group because it was the 
solvent for alfentanil and the viscosity and colour was similar to that of alfentanil. 
Importantly, patients were not aware that dizziness would be more likely related to 
alfentanil administration than placebo. Pain was assessed in prone scan acquisition 
position only, as we wanted to limit the number of questions and the pressure is 
higher in prone position [41]. The time of prone scan acquisition differed some 
minutes between studies with and without intravenous contrast medium. The 
influence of prone score on the maximum pain was negligible as these were much 

Boellaard.indd   119 4-11-2013   9:22:55



Chapter 6

120

lower compared with left decubitus. We chose to use an 11-point numeric rating 
scale, which is a commonly used scale [26, 44]. The visual analogue scale [44] is 
also commonly used, however this scale is less practical during colonic insufflation 
on a narrow table, while having colonic cramps and being monitored. Additionally, 
we have experience with the 11-point numeric rating scale during CT colonography. 
For the Aldrete score, we chose as reference values blood pressure and heart rate 
measurements, recorded 1½ minute after injection of the spasmolytic agent. Most 
patients received hyoscine butylbromide, which increases the heart rate [35]. As 
the effect of the spasmolytic decreases over time, the heart rate also decreases. 
Furthermore, most patients are nervous at the beginning of a medical procedure 
and calm down in the course of the procedure. Both factors might have influenced 
Aldrete score negatively, although all patients had a normal heart rate and blood 
pressure after the procedure. Despite the fact the side effects of alfentanil were 
of minor clinical relevance and the benefit-risk ratio seems to favour alfentanil, a 
safety profile cannot be made based on 45 patients. Although other studies also 
have shown safe use of a single bolus low-dose alfentanil [43, 45], more data on 
patient safety is warranted.
When alfentanil is used it is important to realise that monitoring and airway 
intervention equipment and sufficient knowledge about the pharmacology of 
opioids and airway interventions should be present. This means that the attendance 
of a physician is required. For institutions were a technician is performing the CT 
colonography procedure, adjustments will have to be made in the procedure. 
All patients receiving intravenous alfentanil require an intravenous cannula, so 
emergency medication can be given. The above mentioned issues may lead to an 
increase in costs. Furthermore, when using alfentanil the patients need to arrange 
transportation, because driving after alfentanil injection is not allowed for 12–24 
hours minimum; this can be a large hurdle for implementation of alfentanil [24]. 
Patients who receive hyoscine butylbromide during CT colonography are already 
advised not to drive just after the procedure, as this may affect the ability to drive. 
Because of disadvantages such as the inability to drive, the lack of analgesia has 
been mentioned as one of the advantages of CT colonography [46, 47].
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Conclusions

To the best of our knowledge we are the first to study the use of analgesia for CT 
colonography. Our study shows that alfentanil provides a clinically relevant reduction 
in maximum pain in CT colonography, reduces total procedural pain and burden, 
without detrimental effects on procedural time, recovery time and patient safety. 
Although desaturations were frequently observed with alfentanil, these were not 
considered clinically relevant because they were all short-lasting and self-limiting. 
Therefore alfentanil may well be an option to improve acceptance, although it 
may impact the logistics associated CT colonography examinations. Now that we 
know the advantage of alfentanil it can be weighed against the practical hurdles, 
side effects and costs. Especially for patients with a low pain threshold, a low-dose 
intravenous alfentanil bolus may be viable option. Our secondary outcomes such as 
the total procedural pain and burden, the effect on procedure time and recovery 
time should be confirmed in for these outcomes appropriately powered studies. 
Furthermore, additional data on a low-dose intravenous bolus injection alfentanil 
during CT colonography is required to further assess the safety profile.
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Abstract

Objective: Compare colonic distension and perceived burden of CT colonography 
between participants receiving hyoscine butylbromide and glucagon hydrochloride 
as bowel relaxant.

Materials and methods: Data were collected within a screening trial. Participants 
received 20 mg hyoscine butylbromide intravenously or 1 mg of glucagon 
hydrochloride intravenously (if hyoscine butylbromide contra-indicated). Colon 
distension per segment was assessed using a 4-point scale (prone and supine). Data 
on perceived burden of CT colonography were collected using a questionnaire two 
weeks after the examination. Outcome measures between groups were compared 
using propensity score matching. We used a stratified Wilcoxon–Mann–Whitney 
test statistic for quantitative and Cochran–Mantel–Haenszel statistics for categorical 
variables.

Results: 541 participants were included: 336 (62%) received hyoscine butylbromide 
and 205 received glucagon hydrochloride. All hyoscine butylbromide recipients had 
an adequately distended colon, compared to 96% in the glucagon hydrochloride 
group (RR 7.31, 95% CI: 1.61–33.28). More glucagon hydrochloride recipients scored 
the insufflation as rather or extremely burdensome (25% vs. 16%; overall mean 
score 2.7 vs. 2.4; P < 0.001) and more found the entire CT colonography rather or 
extremely burdensome (14% vs. 7%; 2.2 vs. 1.9; P = 0.001). Most frequently reported 
side effects were a dry mouth in the hyoscine butylbromide group (15%) and nausea 
in the glucagon hydrochloride group (13%).

Conclusion: Compared to glucagon hydrochloride, premedication with hyoscine 
butylbromide results in significantly more adequately distended colons and a 
less burdensome procedure. When hyoscine butylbromide can be used, it is the 
preferred bowel relaxant.
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Introduction

Computed tomography (CT) colonography is a well established method for large 
bowel imaging in symptomatic patients and for screening [1, 2]. To enable good 
visualisation of the bowel mucosa, adequate distension is essential. Outside the USA, 
both hyoscine butylbromide and glucagon hydrochloride are widely used as bowel 
relaxants. Hyoscine butylbromide is not licensed for this application in the USA.
Several studies have evaluated the effect of hyoscine butylbromide and/or glucagon 
hydrochloride on colonic distension during CT colonography or barium enema [3–11]. 
Some of these studies showed that the use of intravenously administered hyoscine 
butylbromide results in better overall colonic distension compared to no medication 
[4–6, 10]. For glucagon hydrochloride this has not been demonstrated, not in 
comparison to no medication [5, 8, 9] or to placebo [7]. One study that compared 
the effect of hyoscine butylbromide and glucagon hydrochloride on the distension 
during barium enema reported that hyoscine butylbromide resulted in significant 
less abdominal cramps of the rectosigmoid compared to glucagon hydrochloride 
[11]. In contrast, two head-to-head comparisons of hyoscine butylbromide and 
glucagon hydrochloride in CT colonography failed to detect a significant difference 
in colonic distension [5, 7]. The use of glucagon hydrochloride for improved colonic 
distension is therefore still controversial.
If there is no measurable difference in distension between hyoscine butylbromide 
and glucagon hydrochloride, the decision to use hyoscine butylbromide or glucagon 
hydrochloride will depend on other factors, such as costs, differences in related 
burden and side effects. Hyoscine butylbromide is substantially less expensive than 
glucagon hydrochloride. We here report on a study that compared colonic distension, 
experienced burden, and side effects between participants receiving hyoscine 
butylbromide or glucagon hydrochloride as bowel relaxant for CT colonography.

Materials and methods

Study population
Data were collected in the COCOS trial in Amsterdam during an invitational 
colorectal cancer (CRC) screening trial in the Netherlands, between December 2009 
and December 2010. Details about the invitation and participant recruitment have 
been described previously [12]. Ethical approval was obtained from the Dutch Health 
Council [2009/03WBO, The Hague, the Netherlands]. Results on CT colonography 
yield have been published elsewhere [13].
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CT colonography
The bowel preparation consisted of a low-residue diet for one day, combined with 
two times 50 mL of iodinated contrast agent (Telebrix, Guerbet, Aulnay-sous-Bois, 
France) for tagging on the day prior to the study and 50 mL 1.5 hour before the 
examination.
Colonic distension was obtained with an automatic carbon dioxide (CO2) insufflator 
(PROTOCO2L, Bracco, EZEM, Lake Success, USA) after intravenous administration 
of 20 mg hyoscine butylbromide (Buscopan, Boehringer-Ingelheim, Ingelheim, 
Germany) or 1 mg glucagon hydrochloride (GlucaGen, Novo Nordisk A’S, Bagsvaerd, 
Denmark) if hyoscine butylbromide was contraindicated (glaucoma, prostatism, 
tachycardia or cardiac arrhythmias). Glucagon hydrochloride was contraindicated 
in case of diabetes mellitus (type I or type II) of in case of a pheochromocytoma. In 
case both hyoscine butylbromide and glucagon hydrochloride were contraindicated, 
no bowel relaxants were administered. The aim was to insufflate at least 2.5 L and 
a maximum of 3 litre (1.3 left decubitus, 0.9 supine and 0.8 right decubitus) within 
a maximum insufflation time of 5 minutes, before the first images were obtained. 
Previous studies indicated that the maximum pharmacological effect of 10–20 mg 
hyoscine butylbromide is reached after 2–8 minutes [14] and that the aperistaltic 
effect of 40 mg glucagon hydrochloride i.v. starts after approximately 22 seconds 
until approximately 23 minutes [15]. During the remaining part of the procedure, 
during which the images were obtained, the insufflation machine was still insufflating 
CO2 in order to keep the bowel sufficiently distended.
All scans were performed in supine and prone position with a 64-slice CT scanner 
(Brilliance, Philips Healthcare, Best, the Netherlands), using a low-dose protocol: 
detector rows 64×0.625 mm, slice thickness 0.9 mm, reconstruction interval 0.7 mm, 
tube voltage 120 kV and tube current 25 reference mA.

Image evaluation
All CT colonographies were read on a Philips workstation with enhanced 3D 
visualisation software (View Forum). Bowel distension was assessed on 2D images in 
the supine and prone position separately, for each of the six colon segments (caecum, 
ascending colon – ileocaecal valve to right colic flexure, transverse colon – right colic 
flexure to left colic flexure, descending colon – left colic flexure to the flexure of the 
sigmoid, sigmoid – S-shaped flexure until second rectal valve and rectum).
One experienced CT colonography observer (not blinded), who successfully finished 
a structured training programme including 175 training cases and 25 test cases 
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(with colonoscopy verification) [16], evaluated the distension (minimal diameter of 
lumen) per colon segment on a 4-point scale (based on the worst distended part): 
1 very poor distension (< 25% distended), 2 poor distension (25–50% distended), 
3 sufficient distension (50–75% distended) and 4 optimal distension (> 75% 
distended). Examples are provided in Figure 1 (no reference available). Additionally, 
a combined score for distension was noted per segment, which was equal to the 
highest score in the supine or prone position for each segment. An overall judgment 
was also given on whether the distension in all segments (in at least one of both 
positions) was sufficient for allowing evaluation for intracolonic lesions of 6 mm and 
larger.

(a) (b)

(c) (d)

Category 1 (0-25% distended)

Category 3 (50%-75% distended)

Category 2 ((25%-50% distended)

Category 4 (75%-100% distended)

Figure 1a-1d Examples of distension scale used
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Evaluation of discomfort during the procedure
During the procedure, one of two research trainees (MCdH, TNB) was responsible 
for the insufflation of CO2. Before the study started they had been trained by a 
third research trainee with a CTC performance experience of 300 scans. During 
the procedure, a research nurse or the other research trainee was responsible for 
measuring weight and blood pressure and making notes of reported side effects. 
They were both aware of the medication that was administered prior to insufflation.
Blood pressure was measured in all participants before the examination (baseline), 
after the insufflation of carbon dioxide was completed, and in case the participant 
experienced light-headedness or other side effects (like nausea) at the end of the 
procedure. Hypotension was defined as a systolic blood pressure (SBP) of < 90 
mmHg or a decrease of > 20% from baseline SBP [17].
During the insufflation of CO2, participants were asked to score perceived pain in 
each of the three positions described above on an anchored 11-point pain score, in 
which 0 reflected no pain and 10 the worst imaginable pain. In addition, participants 
were instructed to report any additional complaints – next to possible bowel cramps 
– that occurred during the examination. When a participant reported symptoms 
(nausea, vomiting, dry mouth, sweating, light-headedness or collapse), we checked 
whether the participant was familiar with these complaints, to be sure that they 
were induced by the examination and not by a pre-existing condition.

Evaluation of perceived pain and perceived burden
All participants received a validated questionnaire on perceived burden by mail two 
weeks after the screening procedure. At that point, participants had already been 
informed about the final result of the screening procedure. This questionnaire was 
based on questionnaires that had been used in previous colorectal cancer screening 
pilots [12]. It contained questions on the perceived burden and perceived pain of 
the insufflation of CO2 and the overall procedure. All items were scored on a 5-point 
Likert scale (1 = not at all; 2 = slightly; 3 = somewhat; 4 = rather; 5 = extremely). 
The questionnaire also contained questions on the most burdensome part of the 
CT colonography (preparation, examination, abdominal symptoms afterwards 
or waiting for the results) and the willingness to undergo CT colonography in the 
future. Participants were instructed to complete the questionnaire as soon as 
possible and to return it by mail in a pre-paid envelope. Returned questionnaires 
were automatically scanned and imported into a database.
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Statistical analysis
The primary outcome measures were adequate colonic distension and perceived 
burden of the entire CT colonography procedure. Within each group we calculated 
the proportion of participants with adequate colonic distension, as well as the 
proportion of participants that experienced the examination as not at all, slightly, 
somewhat, rather or extremely burdensome. Secondary outcome measures were 
the distension score per segment, combined and per position (supine and prone), the 
perceived burden related to the insufflation of CO2 and to changing from position 
during the procedure, and differences in frequency and nature of side effects.
We used propensity score stratification to adjust for a possible selection bias in 
making comparisons. The propensity score was based on the estimated probability 
of having hyoscine butylbromide rather than glucagon hydrochloride given a number 
of observed variables. Propensity scores were calculated using multivariable binary 
logistic regression analyses, based on sex, age, socioeconomic status and body mass 
index. Subsequently, participants were assigned to one of five strata based on the 
quintiles of the propensity score distribution in the study group. This resulted in 
five groups of participants that are approximately balanced on the variables used 
to calculate the propensity score. This procedure is considered to be effective in 
removing 95% of the selection bias associated with covariates [18].
Within each stratum we then calculated a relative risk, and across strata we 
calculated a weighted relative risk, similar to fixed effects meta-analysis. To evaluate 
statistical significance, we used a stratified Wilcoxon–Mann–Whitney test statistic 
for quantitative variables and a Cochran–Mantel–Haenszel statistics for categorical 
variables, with macros in SAS version 9.2 (macros available at http://support.sas.
com). To adjust for multiple testing, we used a Bonferroni correction method for 
stacked comparisons; only two-sided P values of less than 0.0017 were considered 
to be significant in the analysis of secondary outcome variables.

Results

Between December 1, 2009 and 31 December, 2010, 541 of 564 screening 
participants were eligible for inclusion in this study, because they received either 
hyoscine butylbromide or glucagon hydrochloride as bowel relaxant. As shown in 
Figure 2, 17 participants had to be excluded because they received no medication 
(contraindicated) and six participants because of missing data on weight and/or height, 
needed for calculation of the body mass index, a variable used in the calculation of 
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the propensity scores. Of the remaining 541 participants, 336 (62%) received hyoscine 
butylbromide (47% male; mean age 59±6.3 years, age range 51–74 years) and 205 
(38%) received glucagon hydrochloride (54% male; mean age 62±6.4 years, age 
range 50–75 years) prior to insufflation. Hyoscine butylbromide was contraindicated 
because of tachycardia, glaucoma, prostatism, cardiac arrhythmias, or because of a 
combination of these reasons in 1, 11, 60, 112, and 21 of participants, respectively.
Propensity scores ranged from 0.31 to 0.85. Baseline characteristics per stratum are 
displayed in Table 1. The participants were divided in five different strata with the 
following cut-offs for propensity scores: 0.51, 0.60, 0.68 and 0.73.
The perceived burden questionnaire was returned by 279 hyoscine butylbromide 
recipients (83%) and by 205 glucagon hydrochloride recipients (80%). Participants 
that received hyoscine butylbromide returned their questionnaire after a median of 
26 days (IQR 17–27); participants that received glucagon hydrochloride returned it 
after a median of 25 days (IQR 17–27).

Distension
Overall colonic distension was deemed adequate for diagnosis of intracolonic lesions 
of 6 mm and larger in all 336 participants that received hyoscine butylbromide and 
in 197 of the 205 (96%) participants in the glucagon hydrochloride group. After 
adjusting for differences in sex, age, socioeconomic status and body mass index 

564 screening 
participants

17 subjects excluded because they received no medication
6 subjects excluded because of missing data needed for the body mass index

336 subjects received 
hyoscine butylbromide

205 subjects received 
glucagon hydrochloride

279 (83%) completed 
perceived burden 

questionnaire

163 (80%) completed 
perceived burden 

questionnaire

Figure 2 Study flow chart
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between both groups through propensity score stratification, the weighted RR was 
7.31 (95% CI: 1.61–33.28), indicating a significant difference. None of the participants 
with inadequately distended colons were diagnosed with diverticular disease, which 
is a known predisposing condition for poor distension of the sigmoid [19]. The mean 
distension per segment in the supine and prone position is displayed in Table 2. In 
the supine position there was significantly better distension of the sigmoid in the 
hyoscine butylbromide group. In the prone position, hyoscine butylbromide gave 
a significantly better distension of the descending colon and sigmoid. When both 
positions were combined, the only significant difference in distension was found in 
the sigmoid, in which hyoscine butylbromide gave a significantly better distension 
compared with glucagon hydrochloride.

Table 1 Baseline characteristics per stratum
Hyoscine

butylbromide 
Glucagon

hydrochloride
Age in years (median, IQR)

Stratum 1 69 (68–72) 70 (67–72)
Stratum 2 64 (62–66) 64 (62–66)
Stratum 3 59 (56–61) 59 (57–62)
Stratum 4 55 (53–58) 56 (55–58)
Stratum 5 53 (52–55) 54 (52–57)

Gender (% male)
Stratum 1 57 76
Stratum 2 49 55
Stratum 3 64 60
Stratum 4 49 28
Stratum 5 25 22

Body mass index (median, IQR)
Stratum 1 26 (23–28) 25 (23–27)
Stratum 2 26 (24–28) 27 (23–29)
Stratum 3 26 (24–28) 26 (23–28)
Stratum 4 26 (24–29) 26 (23–29)
Stratum 5 29 (27–32) 30 (28–33)

Socioeconomic status (mean, SD)a

Stratum 1 3.1 (1.3) 3.5 (1.3)
Stratum 2 3.5 (1.3) 3.1 (1.4)
Stratum 3 3.1 (1.4) 3.1 (1.4)
Stratum 4 3.2 (1.5) 3.2 (1.5)
Stratum 5 2.7 (1.4) 2.8 (1.3)

Stratum 1 to 5 represents the following categories of propensity scores:  
(1) ≤ 0.51, (2) 0.52 ≤ 0.59, (3) 0.60 ≤ 0.67, (4) 0.68 <= 0. 72, (5) > 0.72.
a Socioeconomic status defined as 1 (very low) to 5 (very high).
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Table 2 Mean distension per colon segment in participants receiving hyoscine butylbromide 
or glucagon hydrochloride

Hyoscine 
butylbromide 

Glucagon 
hydrochloride

P value

Supine (n = 336 vs. n = 205)
Caecum 3.98 3.98 0.87
Ascending colon 3.99 3.98 0.45
Transverse colon 3.98 3.94 0.09
Descending colon 3.90 3.82 0.17
Sigmoid 3.33 2.93 < 0.001
Rectum n.a. n.a. n.a.

Prone (n = 336 vs. n = 204)
Caecum 3.90 3.93 0.47
Ascending colon 3.96 3.95 0.45
Transverse colon 3.26 3.32 0.70
Descending colon 3.91 3.78 0.001
Sigmoid 2.73 2.32 < 0.001
Rectum 3.99 4.00 0.66

Combined (n = 336 vs. n = 204)
Caecum 3.99 3.99 0.36
Ascending colon 4.00 4.00 0.56
Transverse colon 3.99 3.97 0.11
Descending colon 3.97 3.93 0.24
Sigmoid 3.44 3.06 < 0.001
Rectum 3.99 4.00 0.66

P values < 0.0017 were considered to be significant.
n.a. = not applicable, due to inflated rectal balloon in the supine position.
Hyoscine butylbromide resulted in significantly more scans that were adequately distended (RR 7.31, 
95% CI: 1.61–33.28).

Perceived burden
Figure 3 summarises our findings, including the P values calculated with the stratified 
Wilcoxon–Mann–Whitney test statistic. Insufflation of CO2 was experienced as rather 
or extremely painful by 18% of hyoscine butylbromide participants and by 33% of 
glucagon hydrochloride participants, and was experienced more often as rather or 
extremely burdensome by participants who received glucagon hydrochloride (25% 
vs. 16%). Changing from position during the procedure was indicated as not or only 
slightly burdensome by 82% of participants receiving hyoscine butylbromide vs. 75% 
receiving glucagon hydrochloride.
Twenty-one percent of participants who received glucagon hydrochloride scored the 
entire procedure (including insufflation and scanning) as rather or extremely painful 
compared to 10% of hyoscine butylbromide participants. Glucagon hydrochloride 
participants experienced the entire procedure more often as rather or extremely 
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burdensome (14% vs. 7%; P overall difference = 0.0012). In both groups most 
participants indicated that the examination itself was the most burdensome aspect 
(38% of hyoscine butylbromide participants vs. 42% of glucagon hydrochloride 
participants), followed by the bowel preparation (29% and 31%, respectively).
The entire screening procedure turned out worse than expected in 17% of hyoscine 
butylbromide participants and in 34% of glucagon hydrochloride participants, was 
experienced as expected by 21% and 17% of participants, and turned out better than 
expected in 62% and 49% of participants, respectively (P overall difference = 0.001). 
There was no significant difference in number of participants that would probably or 
definitely participate in a next screening round (94% of hyoscine butylbromide and 
88% of glucagon hydrochloride participants, P overall difference = 0.22).

Figure 3 
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Pain scores and side effects reported during performance of procedure
The mean of the pain scores reported during insufflation of CO2 by participants 
that received hyoscine butylbromide and glucagon hydrochloride were 0.6 vs. 0.7 
in the right decubitus position (P = 0.96), 2.8 vs. 3.1 in the supine position (P = 0.30) 
and 4.9 vs. 5.3 in the left decubitus position (P = 0.02). During the examination 78 
(23%) of hyoscine butylbromide participants and 53 (26%) of glucagon hydrochloride 
participants indicated that they had additional complaints that they had not been 
familiar with prior to the examination (RR 0.96, 95% CI: 0.86–1.07). Details on 
nature and number of side effects are provided in Table 3. Most reported side 
effects in participants receiving hyoscine butylbromide were a dry mouth (15%) and 
hypotension (6%), while participants that received glucagon hydrochloride reported 
most frequently nausea (13%) and sweating (11%).

Table 3 Symptoms – other than abdominal cramps - that occurred during the screening 
procedure

Hyoscine butylbromide
n = 336

Glucagon
hydrochloride

n = 205
Nausea 7 (2%) 27 (13%)
Vomit 1 (< 1%) 5 (2%)
Dry mouth 51 (15%) 3 (2%)
Hypotension 20 (6%) 10 (5%)
Sweating 5 (2%) 22 (11%)
Light headedness 3 (1%) 7 (3%)
Collaps 2 (1%) 0 (0%)

No significant difference in occurrence of side effects; RR 0.96, 95% CI: 0.86–1.07

Discussion

We compared the proportion of adequately distended colons and the difference 
in experienced burden between participants receiving hyoscine butylbromide or 
glucagon hydrochloride as bowel relaxant during CT colonography. We found that 
the distension of the sigmoid was significantly better in participants who received 
hyoscine butylbromide and that fewer of these participants experienced their 
procedure as burdensome. There was no significant difference in experienced pain 
or in the occurrence of side effects, but the nature of the most frequently reported 
side effects was different between both arms.
Of all studies that compared distension with hyoscine butylbromide vs. glucagon 
hydrochloride, our prospective study included the largest number of participants. 
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We aimed to insufflate at least 2.5–3 litres within a maximum insufflation time 
of 5 minutes to be sure that the images were obtained between 2 and 8 minutes 
after administration of the bowel relaxant medication. Data on side effects were 
collected prospectively, directly during the procedure. Data on perceived burden 
and pain were collected with a questionnaire that was based on and validated in 
previous studies [12].
This study has also some potential limitations that should be acknowledged. As this 
study was performed within a population-based screening trial, in which we wanted 
to mimic daily practice as much as possible, we did not randomly allocate participants 
prior to the examination to hyoscine butylbromide or glucagon hydrochloride. Since 
this could have led to groups that were not comparable at baseline – in contrast with 
randomisation – we created five groups of patients that were similar in terms of their 
probability of receiving hyoscine butylbromide rather than glucagon hydrochloride, 
based on factors possibly affecting distension, perceived burden and pain. This way 
we approximated five different trials, in which participants had a similar probability 
of receiving hyoscine butylbromide rather than glucagon hydrochloride. We then 
analysed our data in a stratified way, as if we had performed five separate trials and 
performed a meta-analysis on them, to correct for possible differences. The use of 
propensity score stratification is considered to be effective in removing 95% of the 
selection bias associated with covariates. Due to the fact that older men more often 
suffer from prostatism, the percentages of males in the glucagon hydrochloride and 
hyoscine butylbromide groups were somewhat different within two of the five strata. 
The glucagon hydrochloride group in stratum 1 (low chance of receiving hyoscine 
butylbromide) contained relatively more men than the hyoscine butylbromide 
group, while in stratum 4 (higher chance of receiving hyoscine butylbromide) the 
percentage of men was relatively low in the glucagon hydrochloride group.
Both the physician that was responsible for insufflation of CO2 and the research 
nurse/physician responsible for noting reported side effects, were aware of the 
administered medication. This was also the case for the physician that scored the 
distension. However, study participants were not aware of the possible differences 
between hyoscine butylbromide and glucagon hydrochloride and possible side 
effects of both bowel relaxants.
We used operator judgment in evaluating distension, since we believe that in 
determining whether the colon is adequately distended, the most important 
question is whether the radiologist feels that he might miss lesions of 6 mm and larger 
because of insufficient insufflation. A single observer scored distension, allowing for 
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consistency in ratings. We did not score all scans for the existence of diverticular 
disease, which is a known risk factor for poor distension of the sigmoid [19]. We 
were therefore not able to include this factor in the calculation of the propensity 
score. However, none of the eight participants with insufficient distension of the 
sigmoid in both positions were diagnosed with diverticular disease. Therefore, we 
feel that our results are representative.
Until now only two studies have compared colonic distension during CT colonography 
between hyoscine butylbromide and glucagon hydrochloride [5, 7]. The first study 
[7] that was presented at the RSNA congress in 2003 compared the bowel distension 
between 50 participants receiving placebo, 50 participants receiving glucagon 
hydrochloride and 50 participants receiving hyoscine butylbromide. The second 
study [5] compared mean bowel length, mean colon volume and radial distensibility 
(all automatically obtained) between placebo, glucagon hydrochloride and hyoscine 
butylbromide, and included 80 average risk participants per group. Both studies 
showed no significant difference in distension or radial distensibility between 
hyoscine butylbromide and glucagon hydrochloride. In contrast to these studies, 
we found that hyoscine butylbromide resulted in a significantly better distension 
of the sigmoid in both the supine and prone position, and in a higher number of 
adequately distended scans, compared to glucagon hydrochloride. This difference 
might in part be explained by the larger number of participants in our study: 336 
receiving hyoscine butylbromide and 205 receiving glucagon hydrochloride.
To our knowledge, only one study – reported in an abstract only [7] – investigated 
whether there was a difference in experienced abdominal discomfort and pain 
and in willingness to return on another occasion between participants receiving 
placebo, glucagon hydrochloride and hyoscine butylbromide. That study found that 
patients who received placebo reported significantly higher discomfort and pain, 
compared to patients who received a bowel relaxant, and that they were less willing 
to undergo CT colonography again. Whether there were any differences between 
the glucagon hydrochloride and hyoscine butylbromide group was not reported. 
As we evaluated differences in perceived burden and pain between participants 
who received hyoscine butylbromide or glucagon hydrochloride, our results cannot 
be compared to that study. We showed that participants who received hyoscine 
butylbromide experienced their examination as less burdensome compared to 
the participants that received glucagon hydrochloride, but that the perceived pain 
was not different between both groups. The significant difference in experienced 
burden might be related to the difference in the nature of the side effects between 
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participants that received hyoscine butylbromide or glucagon hydrochloride. The 
most often reported side effect in the hyoscine butylbromide group was a dry 
mouth, followed by hypotension, while the most often reported side effect in the 
glucagon hydrochloride group was nausea followed by sweating. It is imaginable that 
the experience of a dry mouth is less burdensome than the experience of nausea 
during the procedure, and that the different nature of the side effects in both arms 
is one of the most important explanations for the differences in experienced burden 
that were found in our study, rather than the number of side effects that occurred.
In contrast with previous studies [5, 7], our study showed that hyoscine butylbromide 
resulted in a better distension of the sigmoid and in a significantly higher number 
of adequate distended colons, compared to glucagon hydrochloride. Previous 
studies already showed that glucagon hydrochloride does not result in significant 
better distension compared to no medication [5, 7–9]. If glucagon hydrochloride 
indeed has no positive effect on colonic distension (which we cannot conclude from 
our findings because of the absence of a placebo group), it should only be used 
when it has a beneficial effect on the experienced burden, compared to placebo. 
Whether the side effects of glucagon hydrochloride outweigh the possible benefits 
on experienced discomfort, as shown for CT colonography [7], is still unknown.

Conclusions

Our study results suggest that when hyoscine butylbromide can be used, it should be 
preferred as bowel relaxant during CT colonography over glucagon hydrochloride. 
Hyoscine butylbromide results in a significantly better colonic distension and 
a less burdensome examination, with lower costs as an additional advantage. 
Whether glucagon hydrochloride should still be used as an alternative for hyoscine 
butylbromide needs to be evaluated in a placebo-controlled study in which the 
primary focus should be on the evaluation of number of adequately distended 
colons, possible differences in experienced burden, and side effects.
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Abstract

Aim: To assess the feasibility of colorectal cancer detection using dual-energy 
computed tomography with iodine mapping and without bowel preparation or 
bowel distension.

Materials and Methods: Consecutive patients scheduled for preoperative staging 
computed tomography (CT) because of diagnosed or high suspicion for colorectal 
cancer were prospectively included in the study. A single contrast-enhanced 
abdominal CT acquisition using dual-source mode (100 kV/140 kV) was performed 
without bowel preparation. Weighted average 120 kV images and iodine maps 
were created with post-processing. Two observers performed a blinded read for 
colorectal lesions after being trained on three colorectal cancer patients. One 
observer performed an unblinded read for lesion detectability and placed a region 
of interest (ROI) within each lesion.

Results: In total 21 patients were included and 18 had a colorectal cancer at the 
time of the CT acquisition. Median cancer size was 43 mm [interquartile range (IQR) 
27–60 mm] and all 18 colorectal cancers were visible on the 120 kV images and 
iodine map during the unblinded read. During the blinded read, observers found 
90% (27/30) of the cancers with 120 kV images only and 96.7% (29/30) after viewing 
the iodine map in addition (P = 0.5). Median enhancement of colorectal cancers was 
29.9 HU (IQR 23.1–34.6). The largest benign lesions (70 and 25 mm) were visible on 
the 120 kV images and iodine map, whereas four smaller benign lesions (7–15 mm) 
were not.

Conclusion: Colorectal cancers are visible on the contrast-enhanced dual-energy CT 
without bowel preparation or insufflation. Because of the patient-friendly nature of 
this approach, further studies should explore its use for colorectal cancer detection 
in frail and elderly patients.
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Introduction

Colorectal cancer is one of the leading causes of cancer-related mortality worldwide 
and the incidence increases with age [1]. Frequently used tests for colorectal cancer 
detection such as colonoscopy and computed tomography (CT) colonography are 
considered to be burdensome procedures [2, 3], require bowel preparation [4, 5], 
and have complication risks (colonoscopy more than CT colonography)  [6, 7].
Alternative less burdensome tests are being considered in frail and elderly patients 
[8–13]. These patients have more difficulties with diarrhoea because of incontinence 
[14] and cognitive impairment, are at risk of dehydration and electrolyte disturbance 
[15], and have a higher risk of having a suboptimal bowel preparation [5, 16]. 
Therefore, a test without bowel preparation, colonic insufflation, sedation, or 
position changes on the examination table would be favourable in these patients, 
and might be feasible as colorectal cancers are the main target lesions in this patient 
group.
Previous studies using routine abdominal CT with oral iodine bowel preparation have 
shown reasonable sensitivity for colorectal cancers [8–13]. Intravenous contrast 
medium in the portal phase is routinely administered for the detection of (liver) 
metastases, but is not used for detection of colonic lesions [4]. However, recently 
dual-energy CT has become available for clinical practice. Dual-energy CT is a 
technique that uses two energies (e.g., 100 kV and 140 kV) and is designed to detect 
of iodine compared with conventional (single-energy) CT and construct iodine only 
images (iodine maps) [17, 18]. The study of Karcaaltincaba and colleagues showed 
that one colorectal cancer was visible on the iodine map using dual-energy CT 
colonography with intravenous iodine contrast medium [19]. The fact that cancers 
show enhancement of approximately 40 HU on single-energy CT during the portal 
phase, strengthens the idea that enhancement of colorectal cancers may be used for 
their detection, especially when conspicuity can be increased [20, 21]. Therefore, it 
was hypothesized that dual-energy CT with intravenous contrast medium and iodine 
mapping may be sufficiently sensitive for colorectal cancer detection and does not 
require any bowel preparation or insufflation.
The present study assessed the feasibility of colorectal cancer detection of dual-
energy CT with intravenous contrast medium and iodine mapping, without bowel 
preparation or bowel distension.
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Material and methods

Population
Consecutive adult patients in a small general hospital (Bronovo, The Hague, the 
Netherlands) with either a recent diagnosis of colorectal cancer or with a very high 
suspicion of colorectal cancer, who were scheduled for a preoperative abdominal 
staging CT examination with intravenous contrast medium were included. Exclusion 
criteria were a body mass index (BMI), above 30 kg/m2 [22] pregnancy, and 
insufficient renal function defined as an estimated glomerular filtration rate (eGFR) 
< 60 ml/min/1.73 m2. The local Medical Ethics Committee had approved this study 
and all participants gave their written informed consent.

CT acquisition protocol
Patients did not receive bowel preparation (including no oral contrast agent), anti-
spasmodic drugs, or colonic insufflation as commonly used for CT colonography 
[4]. CT examinations were acquired using a 128-section dual-energy CT system 
(Somatom Definition Flash, Siemens Healthcare, Forchheim, Germany). The smaller 
of the two detectors has a field of view (FOV) of 33 cm, which allows coverage 
of a large area of the abdomen. CT acquisitions were performed in dual-energy 
mode and using dose modulation. A single acquisition in the supine position was 
performed 70 seconds after the administration of 120 ml intravenous iodinated 
contrast medium (iodixanol, 320 mg iodine/ ml; Visipaque 320, GE Healthcare, 
Carrigtohill, Cork, Ireland) at an infusion rate of 4 ml/s. One hundred and twenty 
millilitres of intravenous contrast medium was administered irrespective of the 
patients’ weight. Furthermore, patients with a high body weight were excluded by 
excluding patients with a BMI 30 kg/m2. CT imaging parameters were as follows: 
140 kV and 178 reference mAs (tube A), 100 kV and 230 reference mAs (tube B), 0.5 
seconds gantry rotation time, 0.6 pitch, and 32 x 0.6 mm collimation.

Post-processing
Post-processing was performed at a workstation (Syngo mmWP VE36A, Siemens 
Medical Solutions, Forchheim, Germany). Weighted average reconstructions 
were made (i.e., 50:50 ratio mixed contrast-enhanced 100 kV and 140 kV images) 
with a section thickness of 3 mm (hereafter called “120 kV images”). The “virtual 
non-contrast” application of the dual-energy software was used to create virtual 
non-contrast images and iodine maps. The iodine maps were superimposed onto 
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virtual non-contrast images to combine the iodine distribution with anatomical 
information. A radiologist (O.D.F.H., with 11 years of experience as a radiologist) 
adjusted the window levels of grey and colour of the iodine maps until satisfied with 
the visualization of the colonic wall.

Settings for iodine map reconstruction
In the standard “virtual non-contrast” application, virtual non-contrast images and 
iodine maps are reconstructed with a standard three-material decomposition model 
containing fat, soft tissue, and iodine [18]. When using the preset parameters of this 
application, stool is often visible in the iodine maps as well, while not containing an 
iodinated contrast medium, making a differentiation with colonic wall very difficult. 
In the present study, optimal differentiation between the gastrointestinal wall, 
faeces, and iodine was achieved by adjusting the three-material decomposition 
model for iodine map construction, based on CT values (in HU) of the colonic stool 
and gastrointestinal wall. In the three-material decomposition model, graphically 
the stool should be on a straight line with gastrointestinal wall.
To estimate the required settings for the application, 25 measurements were 
performed in dense stools and 25 in the stomach wall for six anonymised dual-energy 
CT images without intravenous contrast medium (the stomach wall was chosen 
because it is easier to measure than the thin colonic wall). Region of interest (ROI) 
measurements were placed in the 100 kV and the 140 kV acquisitions with automatic 
correlation between the two acquisitions to ensure that the ROI location was exactly 
the same in both scans. The scan protocol for these true non-enhanced acquisitions 
was as follows: 140 kV and 162 reference mAs (tube A), 100 kV and 210 reference mAs 
(tube B), 0.5 seconds gantry rotation time, 0.7 pitch, and 32 x 0.6 mm collimation.

Reference standard
The reference standard comprised information from the available sigmoidoscopy, 
colonoscopy, surgery, pathology (operation specimen and biopsy), and MRI 
reports. Lesion size was determined by the surgical specimen or when unavailable 
by endoscopic measurements. For rectal tumours, MRI was used when surgical 
specimen and endoscopy size measurements were unavailable.

Unblinded reading
An unblinded reading was performed to acquire data regarding the visibility, 
conspicuity, and the CT values of all lesions present in the reference standard. For 
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the unblinded reading, one observer (O.D.F.H.) scrutinised the 120 kV images and 
iodine maps for the lesions with knowledge of the results of the reference standard. 
For each lesion, the size (mm), morphology (tumour or sessile, flat or pedunculate 
polyp), conspicuity (five-point scale: 1 = not good, 5 = very good), and segment 
(six-segment model) were rated [23]. Additionally, the observer indicated how well 
the lesion could be discriminated from collapsed colon, stool, and hypertrophic 
haustral folds (all on the same five-point scale as used for conspicuity). Finally, a 
ROI measurement was performed in each lesion to obtain CT values. One ROI 
measurement provided information about both overlay (i.e., enhancement) and 
virtual non-contrast CT values, and one ROI measurement was performed with 
automatic location correlation between the contrast-enhanced 100, 120, and 
140 kV images.

Blinded reading
Two observers (C.Y.N., abdominal radiologist with 17 years of experience including > 
1500 CT colonography examinations, and M.C.D., general radiologist with 10 years 
of experience but without CT colonography experience) were trained in interpreting 
iodine maps using three dual-energy CT examinations, which were not part of the 
examinations used for evaluation. The number of cancers left in the dataset for the 
blinded evaluation was 15 (18 minus the three cancers in the training cases).
For the blinded evaluation, the observers began by reading the 120 kV images 
and then continued with the iodine map reading. They indicated for each lesion 
on which series it was detected, and for both 120 kV and iodine maps, they 
annotated characteristics similar to the unblinded reading and indicated their level 
of confidence regarding each lesion (0, 25, 50, 75, or 100%).
Findings during the blinded and unblinded reading were only compared for segments 
of which the reference standard was available. Annotations were matched with the 
reference standard by an experienced CT colonography observer (T.N.B., evaluated > 
300 CT colonographies). Size and morphology as used for CT colonography matching 
are less reliable without distension; therefore, a stricter criterion for the location 
was used [24]. For a match, the lesion at CT had to be in the same segment or in the 
first third of the adjacent segment indicated by the reference standard.

Image quality
For image quality evaluation, one observer (O.D.F.H.) scored image noise and image 
quality on a five-point scale for the 120 kV and iodine map images (for quality: 
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1 = very good image quality to 5 = unacceptable image quality and for noise: 1 = no 
significant noise to 5 = detrimental image noise) [25]. Furthermore, whether any 
part was missing in the field of view (FOV) was assessed for all six colonic segments.

Statistical analysis
SPSS version 19 (SPSS, Chicago, IL, USA) was used for all statistical analysis and a 
P value of less than 0.05 was considered to indicate a statistically significant difference. 
Median and interquartile ranges (IQR) were calculated for size, radiodensity, and 
five-point scales. Sensitivity for cancer detection was calculated for both observers 
combined for 120 kV images only and after adding the iodine map and subsequently 
compared with a McNemar test with continuity correction.

Results

Population
Twenty-four patients were assessed for eligibility between March and September 
2011, and 21 patients were included in this study. Two patients were excluded 
because of a BMI above 30 kg/m2 and one was lost to follow-up. The average age 
was 70 years (range 50–90 years), the percentage of males was 52.4 (11/21), and 
the average BMI was 24.5 kg/m2 (range 19.5–28.7). All patients had a colonoscopy 
(n = 19), sigmoidoscopy (n = 1), or both (n = 1). Fifteen of 20 colonoscopies reached 
the caecum. Fourteen patients underwent surgery, and therefore, histopathology of 
the surgical specimen was available.

Lesions according to the reference standard
Nineteen patients had an adenocarcinoma of the colon, but one was endoscopically 
removed before the dual-energy CT. Therefore, 18 adenocarcinomas were present 
at the time of the dual-energy CT. These carcinomas were located in the caecum 
(n = 4), ascending colon (n = 5), sigmoid (n = 5), and rectum (n = 4). The median size 
according to the reference standard was 43 mm (IQR 27–60 mm). In two patients, the 
final diagnosis was unexpectedly not a malignant tumour (i.e., a 25mm pedunculate 
adenoma and a diverticular segment). There were three benign lesions of 6–9 mm 
in size (7, 7, and 8 mm, respectively) and three large benign lesions (i.e., ≥ 10 mm): a 
15 mm pedunculate villous adenoma, a 25 mm pedunculate adenoma, and a 70 mm 
villous adenoma.
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Figure 1 The straight line to be determined for the appropriate settings of the three-material 
decomposition model with the CT values of stool and gastrointestinal wall (stomach wall). 
The calculated virtual non-contrast application settings were -12 HU for fat and 52 HU for soft 
tissue for 100 kV and -100 HU for fat and 55 HU for soft tissue for 140 kV.

Settings of the three-material decomposition application
The CT value measurements of dense stool and stomach wall are presented in 
Table 1. These values were used to estimate the optimal settings of the three-
material decomposition application. The straight line calculated using the CT value 
measurement is shown in Figure 1.

Unblinded reading
All 18 adenocarcinomas were visible both in the 120 kV images and in the iodine 
maps (examples are shown in Figures 2 and 3). The 25 mm pedunculated adenoma 
(Figure 4) and the 70 mm villous adenoma were also visible on the 120 kV images 
and the iodine map. All other benign lesions (7, 7, 8, and 15 mm, respectively) 
were invisible on both the 120 kV images and iodine maps. Median cancer conspi-
cuity was 4 (IQR 3–4) for 120 kV images and 4 (IQR 4–4.25) for the iodine maps. 

Table 1 Computed tomography (CT) value measurements.
Radiodensity at CT (HU)

100kV 140kV
Dense stool 46.6 (4.9) 42.3 (3.9)
Stomach wall 51.8 (4.1) 55.0 (3.4)
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Figure 2 A sigmoid adenocarcinoma in one of the training scans (arrows) is seen on the 120 kV 
image (left) and iodine map (right). Notice the large difference in wall thickness compared 
with other parts of the colon. The thickening is well appreciated on the iodine map.

Figure 3 A caecal adenocarcinoma (arrows) in one of the training scans is seen on the 
120 kV image (left) and iodine map (right). In the 120 kV image, the thickened wall has to be 
differentiated from grey stool, whereas on the iodine map this is more easily performed, as 
the coloured wall has to be differentiated from non-coloured stool.

Figure 4 A large 25 mm pedunculated adenoma in the sigmoid (arrows) was detected on the 
iodine map by both observers, but by only one observer on the contrast-enhanced 120 kV 
images.
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The median CT radiodensity of the carcinomas was 44.6 HU (IQR 42.8–45.9) on the 
virtual non-contrast images and median enhancement was 29.9 HU (IQR 23.1–34.6). 
Median CT radiodensity values on the contrast-enhanced images were 85.7 HU (IQR 
72.3–94.1) for 100 kV, 73.8 HU (IQR 66.5–80.1) for 120 kV, and 60.6 HU (IQR 54.1–
65.6) for 140 kV. For both 120 kV images and iodine maps, the ability to discriminate 
colorectal cancer from collapsed lumen was 4 (IQR 3–4) from stool 4 (IQR 4–4) and 
hypertrophic folds 4 (IQR 3–4). Figure 5 shows a hypertrophic diverticular segment 
and Figure 6 shows stool that may be difficult to distinguish from tumour.

Blinded reading
The average sensitivity for colorectal cancers was 90% (27/30) for the 120 kV images 
only and 96.7% (29/30) after reading the iodine maps in addition (P = 0.50). For 
observer 1, the sensitivity was similar for 120 kV images only and after reading the 

Figure 5 A diverticular colon (arrows) shows vivid enhancement and wall thickness very 
similar to the enhancement and thickness of a carcinoma, although the length of the involved 
segment is more indicative of an inflammatory or vascular cause. Although in this patient no 
carcinoma was present, detecting a tumour in such a segment would be very difficult. Both 
observers did not annotate a lesion in this segment.

Figure 6 Stool in the rectum (arrows) causing artefacts on the iodine map (right), which can 
make distinction of a tumour difficult. Both observers did not annotate this particular piece 
of stool.
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additional iodine maps, both 93.3% (14/15). Observer 2 detected two carcinomas 
on the iodine map that were initially missed on the 120 kV images, and therefore, 
the sensitivity increased from 86.7% (13/15) to 100% (15/15). The cancer that was 
missed by observer 1 after reading both 120 kV images and the iodine map was 
20 mm in size. No cancers were dismissed after reading the iodine maps.
The 70 mm tubulovillous adenoma was scored as tumour by both observers; however, 
one observer dismissed it after reading the iodine map. The 25 mm pedunculated 
adenoma was scored as tumour by both observers. One of them only detected the 
lesion after evaluating the iodine map. The four smallest benign lesions varying from 
7–15 mm were not detected by either reader on 120 kV images or iodine maps.
The average specificity of both readers (of two scans without a large lesion) was 75% 
(3/4) for 120 kV images only and 75% (3/4) after reading the iodine maps. Observer 
1 scored three false-positive tumours and a false-positive polyp, but dismissed one 
tumour and the polyp after looking at the iodine map. Observer 2 scored two false-
positive tumours and one false-positive flat polyp on both 120 kV images and iodine 
map. The median confidence for colorectal cancers was 100% (IQR 75–100) for both 
120 kV images and iodine maps.
The conspicuity of colorectal cancers was 4 (IQR 4–5) for 120 kV and 4 (IQR 4–5) for 
iodine maps. For both 120 kV images and iodine maps, the ability to discriminate 
colorectal cancer from collapsed lumen was 4 (IQR 3–5) from stool 4 (IQR 4–5) and 
hypertrophic folds 4 (IQR 4–5).

Image quality
There were no missing parts of a segment in the FOV in the caecum, ascending 
colon, sigmoid, and rectum. In 14.3% (3/21) of the patients, there was a part of the 
descending colon missing in the FOV, and in 4.8% (1/21) of the patients, there was 
a part of the transverse colon missing in the FOV. For all segments combined, 3.2% 
(4/126) were partly missing in the FOV. The median image quality of the 120 kV 
images was 2 (IQR 2–2), and for the iodine maps also 2 (IQR 2–3). The median noise 
score for the 120 kV images was 2 (IQR 2–2.5) and for iodine maps 2 (IQR 2–3).

Discussion

The present feasibility study shows that the large majority of colorectal cancers 
are visible on contrast-enhanced dual-energy CT without bowel preparation or 
distension. There was no significant difference in detection rate of the 120 kV 
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images or iodine maps (90% versus 96.7%; P = 0.50). A 70 mm and a 25 mm benign 
lesion showed enhancement on the iodine map, but four other lesions > 6 mm were 
unidentifiable even with knowledge from the reference standard.
Karcaaltincaba et al. performed CT colonography with colonic distension and 
intravenous contrast medium but without bowel preparation, and showed one 
colorectal cancer that was visible on an iodine map [19]. The present study has 
elaborated their finding with 18 colorectal cancers, which were all visible on the 
iodine map to the unblinded reader and almost all (29/30 of two readers combined) 
to the blinded readers. Importantly, CT was performed without insufflation, which 
further reduces the burden of the examination [2, 26, 27]. The fact that the colorectal 
cancers were all visible on the iodine maps indicates that iodine maps may be helpful 
for detection of colorectal cancers.
The sensitivity for colorectal cancer was similar to studies using single-energy CT 
with oral iodine contrast medium and without insufflation [8–12, 28]; however, 
the reference standard was limited in these studies (e.g., short clinical follow-up 
or barium enema). The sensitivity of the present study was higher compared with 
another colonoscopy-verified study using intravenous contrast medium in the portal 
phase and no insufflation (72.4% versus 96.7% sensitivity) [13]. However, in that 
retrospective study, oral contrast medium was given to most patients. Importantly, 
the prevalence of colorectal cancer in that series was much lower than in the present 
study and more closely resembled clinical practice.
One colorectal cancer was missed after reading both 120 kV and iodine map 
images by one of the two blinded observers. This cancer measured 20 mm and 
was together with another cancer of the same size, the smallest in the present 
study. This may indicate that cancers of 20 mm are more difficult to detect with 
the present technique. However, the number of cancers in the present dataset is 
too small to draw conclusions. Further studies on dual-energy CT with intravenous 
contrast medium and iodine mapping are warranted to obtain more extensive data 
on the detection of colorectal cancers and on the detection of colorectal cancers in 
different size categories (especially small cancers). Moreover, future studies to study 
characteristics that may be able to differentiate benign from malignant lesions are 
recommended.
The assessment of benign colonic polyps was not the primary goal of this study and 
the dataset was too small for any firm statement. Two of three large lesions were 
visible (70 mm villous adenoma and 25 mm pedunculated adenoma were visible), 
whereas a 15 mm pedunculated villous adenoma was not visible. However, the latter 
was directly adjacent to a tumour, making distinction between polyp and tumour 
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very difficult without insufflation. One might speculate that using our dual-energy 
protocol with intravenous contrast medium and insufflation might be sufficient for 
detecting both colorectal cancers and large benign lesions.
The enhancement value of 30 HU for cancers is somewhat lower when compared with 
studies of CT colonography with intravenous contrast medium [20, 21]. This might 
be caused by more accurate placements of the ROIs in tumours in a distended colon. 
Some segments were partly missing in the FOV (smallest detector). It is likely that 
future dual-source CT systems will have a larger FOV and, therefore, partly missing 
segments will no longer be an issue. The radiation dose radiation dose of the dual-
energy protocol used in this study is approximately 1.5 times higher compared with 
the single-energy protocol. However, virtual non-contrast can be generated with 
post-processing. Depending on whether an institution’s protocol contains a non-
enhanced acquisition, this may reduce the radiation dose. Importantly, the benefits 
of the radiation dose outweigh the risks by far in a symptomatic frail and elderly 
population for which the present technique may be useful. Furthermore, promising 
tools, such as iterative reconstructions, are expected to reduce the radiation dose. 
A limitation of the dual-energy technique is that it is not advised in patients with a 
BMI above 30, and obesity is relatively common among elderly patients in Western 
countries.
The present study has several limitations. The aim of the present feasibility study was 
to evaluate the potential of dual-energy CT for cancer detection in a highly selected 
and limited number of colorectal cancer cases. This design was chosen as a first step 
to evaluate the potential application of such a technique, which, when feasible and 
further studied, could be considered in elderly and frail patients. This design with a 
high prevalence of cancer limits conclusions with respect to accuracy of the technique 
in daily practice, although readers were not aware of the prevalence in the cohort. 
On the other hand, the readers were trained using only three cases and they might 
have performed better had they had a larger training series. Further, the study does 
not give adequate information with respect to adenoma detection. However, given 
the inherent limitations of the technique, a reasonable detection rate for polyps 
smaller than 10 mm was not anticipated, and the authors did not put much weight 
on the evaluation of these lesions in this feasibility study. Colonoscopy and surgery 
reports were available, but correlation with CT is still less precise as compared with, 
for example, matching CT colonography with videotaped colonoscopy. Although 
optimal parameters were calculated for iodine map reconstruction, some stool 
artefacts were still present. Efforts should be made to reduce these artefacts to 
improve the strategy presented in this paper. Moreover, there was not comparison 
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with other minimally invasive CT techniques, such as contrast-enhanced single-
energy abdominal CT with or without oral bowel preparation. The 70 seconds delay 
was chosen because previous CT colonography studies have shown enhancement 
using this timing; however, the optimal timing for colonic lesion enhancement is to 
the authors’ knowledge unknown. Optimal timing of intravenous contrast medium 
may improve the present strategy.
The present study shows that detection of colorectal cancer is feasible at dual-
energy CT without bowel preparation or insufflation. To the authors’ knowledge, 
this is the first study to show the feasibility of this technique. Such a strategy might 
be a sensible option for colorectal cancer detection, especially in frail and elderly 
patients. However, further studies should evaluate this technique in an appropriately 
powered lower prevalence population.
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Abstract

CT colonography is one of the recommended methods for colorectal cancer 
screening. The subject’s preparation is one of the most burdensome aspects of CT 
colonography with a cathartic bowel preparation. Tagging of the bowel content with 
an oral contrast medium facilitates CT colonography with limited bowel preparation. 
Unfortunately, such preparations adversely affect the three-dimensional (3D) image 
quality. Thus far, data acquired after very limited bowel preparation were evaluated 
with a two-dimensional (2D) reading strategy only. Existing cleansing algorithms do 
not work sufficiently well to allow a primary 3D reading strategy. We developed an 
electronic cleansing algorithm, aimed to realise optimal 3D image quality for low-
dose CT colonography with 24-hour limited bowel preparation. The method employs 
a principal curvature flow algorithm to remove heterogeneities within poorly tagged 
faecal residue. In addition, a pattern recognition-based approach is used to prevent 
polyp-like protrusions on the colon surface from being removed by the method. Two 
experts independently evaluated 40 CT colonography cases by means of a primary 
2D approach without involvement of electronic cleansing as well as by a primary 3D 
method after electronic cleansing. The data contained four variations of 24-hour 
limited bowel preparation and was based on a low radiation dose scanning protocol. 
The sensitivity for lesions ≥ 6 mm was significantly higher for the primary 3D reading 
strategy (84%) than for the primary 2D reading strategy (68%) (P = 0.031). The 
reading time was increased from 5:39 minutes (2D) to 7:09 minutes (3D) (P = 0.005); 
the readers’ confidence was reduced from 2.3 (2D) to 2.1 (3D) (P = 0.013) on a three-
point Likert scale. Polyp conspicuity for cleansed submerged lesions was similar to 
not submerged lesions (P = 0.06). To our knowledge, this study is the first to describe 
and clinically validate an electronic cleansing algorithm that facilitates low-dose CT 
colonography with 24-hour limited bowel preparation.
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I Introduction

Computed tomography colonography is a structural radiological examination of 
the colorectum and is widely studied for use in colorectal cancer screening [1]. An 
important issue for large scale application is the adherence, which is closely related 
to the perceived burden of the employed screening technique [2]. The subject’s 
preparation is one of the most burdensome aspects of CT colonography with a 
cathartic bowel preparation [3]. Although such a cathartic bowel preparation ensures 
optimal image quality, it also leads to excessive diarrhoea and discomfort. Tagging 
of the bowel content with oral iodine or barium contrast facilitates CT colonography 
with noncathartic bowel preparation. Recently, several studies have shown that the 
diagnostic accuracy for polyps ≥ 6 mm remains high while using a 24-hour limited 
bowel preparation (i.e., least burdensome type of noncathartic preparations) [4–
5]. In fact, a limited bowel preparation significantly improves the acceptance and, 
therefore, likely the screening adherence [4, 6, 7]. Liedenbaum et al. showed that a 
24-hour limited iodine-based bowel preparation yields a significantly better subject’s 
acceptance and less burden compared with a 48-hour preparation [8].
Unfortunately, such preparations can adversely affect the three-dimensional (3D) 
image quality. Particularly, untagged stool can cause artefacts like incomplete 
cleansing or pseudo soft tissue structures [9, 10]. These artefacts limit a primary 3D 
reading and hinder 3D problem solving after a primary two-dimensional (2D) reading. 
Still, accurate electronic cleansing can result in shorter reading times in a primary 
3D reading strategy and to a higher confidence and less reader effort in a primary 
2D reading strategy [11]. Juchems et al. [12] studied reader performance with the 
use of electronic cleansing and found a significant improvement in polyp sensitivity 
using 3D reading with electronic cleansing versus 3D reading without electronic 
cleansing. Importantly, less experienced readers achieve a higher sensitivity with a 
3D reading strategy as compared to a 2D reading strategy [13]. Recent guidelines, 
summarising the evidence by experts in the field, emphasise the need for both 2D 
and 3D visualisation [14, 15].
Apart from the burden associated with the bowel preparation, the acceptance of CT 
colonography as a screening technique is also influenced by the radiation exposure. 
The radiation burden should be as low as possible to ensure a high benefit-risk ratio. 
At the same time, a low-dose scanning protocol leads to increased image noise 
which complicates electronic cleansing and significantly affects polyp detection [16].
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We developed a new electronic cleansing algorithm, aimed to realise optimal 3D 
image quality for low-dose CT colonography with 24-hour limited bowel preparation. 
We hypothesise that electronic cleansing does not lead to a degradation of a polyp’s 
conspicuity in a 3D viewing mode and, even stronger, that it enables a primary 
3D reading strategy. To our knowledge, no earlier study described an electronic 
cleansing algorithm for low-dose CT colonography with 24-hour limited bowel 
preparation.

A. Related Work
Much of the previous technical work on electronic cleansing has been validated 
on data obtained with extensive patient preparation. The following summary was 
largely adapted from [17].
Initially, Lakare et al. [18, 19] addressed the cleansing problem by exploiting the 
unique local signature caused by partial volume voxels bordering on the fluid mask. 
The intensity profile is considered a unique property of each type of material 
transition. Typical edge profiles that are present between materials, e.g., air and 
tagged material, are identified by rigorously “exploring” some 3D CT datasets in a 
separate learning phase prior to the actual cleansing. During cleansing, for each edge 
voxel, the profile is selected from the learning set that fits best to the encountered 
intensity profiles. A transfer function is defined for each such profile in order to 
remove the partial volume problem during rendering. In later work, Lakare et al. [20] 
created 23D feature vectors of local data values that are reduced to five dimensions 
by principal component analysis. Clustering takes place in this low-dimensional 
space using a vector similarity measure. A threshold on the average intensity of each 
class is used to classify voxels to be tagged residue.
Zalis et al. [21, 22] constructed a binary subtraction mask to segment the bowel 
content and addressed the partial volume problem using a colon-surface 
reconstruction routine. Data values represent a distance measure to the subtraction 
mask. Wang et al. [23] presented an improved electronic colon cleansing method 
based on a partial volume image segmentation framework, which is based on the 
well-established statistical expectation-maximisation algorithm.
Franaszek et al. [24] developed a segmentation procedure which represents individual 
air- and fluid-filled regions by a graph that enables identification and prevention 
of undesired leakage through the colon wall. The proposed hybrid algorithm uses 
modified region growing, fuzzy connectedness, and level set segmentation. Wang et 
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al. [25] also investigated a maximum a posterioriexpectation–maximization image 
segmentation algorithm which simultaneously estimates tissue mixture percentages 
within each image voxel and statistical model parameters for the tissue distribution.
Cai et al. [9, 10] developed an electronic cleansing method, called structure analysis 
cleansing. A structure enhancement function and a local roughness measure are 
integrated into the speed function of a level set method for delineating the tagged 
faecal material.
To our opinion, the variety of presently proposed algorithms reflect that a perfect 
solution has not been found yet. Accordingly, incomplete processing is still reported 
to leave artefacts [11]. A specifically noticeable problem is posed by the distracting 
bumps emanating from locations where air, soft tissue, and tagged material meet. 
Lately, an electronic cleansing algorithm was proposed aiming to improve the 
accuracy at such three material junctions [11, 17, 26]. The method is automated 
and adapts to patient specific conditions, such as the local variation of the tagged 
material density. The algorithm assumes that the measured CT value arises due to 
a combination of three materials: air, tagged material, and soft tissue. It estimates 
the percentages of these materials in each voxel. Subsequently, the tagged 
material fraction is simply “replaced” by air, to arrive at a new, cleansed CT value. 
Unfortunately, this method still assumes that the three materials constituting the 
junction have a homogeneous composition which makes the method not adequate 
to deal with the limited bowel preparation data.
Recent work by Cai et al. describes an electronic cleansing technique based on a 
mosaic decomposition method for use with a limited bowel preparation [9, 10, 27]. 
This method solved the artefacts often associated with a limited bowel preparation. 
It was tested on cases that underwent a 48-hour bowel preparation consisting 
of a low-fibre, low-residue diet, and oral administration of Omnipaque with a 
total ingested amount of 75 mL of iodine (300 mg I/mL concentration). No clinical 
evaluation of this cleansing method was performed yet. Visualisation techniques 
can be found in [28–30].

B. Objective
The objective of this study is to enable 3D visualisation of CT colonography data for 
use with a 24-hour limited bowel preparation and a reduced radiation dose. This is, 
to the best of our knowledge, currently not feasible. Examples of typical artefacts 
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prevalent in such data are shown in Figure 1. The properties that an electronic 
cleansing algorithms must possess to allow a limited patient preparation are:
1) ability to cope with heterogeneous bowel content;
2) reconstruction of a smooth colon surface that does not distract the radiologist;
3) preservation of polyps in badly tagged regions.
Heterogeneous mixing of materials as well as highly curved and irregular material 
interfaces as depicted in Figure 1 complicates a simple solution to electronic 
cleansing. In order to visualise the colon wall such that it accurately represents 
the shape of the colon wall and that it does not show distracting artefacts to the 
radiologist, a subvoxel precision is required. Thereby, the main challenge is to 
retain all polyps in the data, even when polyps are submerged in a heterogeneously 
tagged fluid. To secure the preservation of polyps, we will make use of the extensive 
knowledge about the appearance of colonic polyps that was acquired in developing 
techniques for computer-aided detection of polyps [32, 33].
In this paper, we present a plug-in pre-processing method to the electronic cleansing 
method by Serlie et al. [11, 17, 26]. The pre-processing acts as a preconditioning 
step which fills the heterogeneities in poorly tagged faecal material to meet the 
input requirement of Serlie’s electronic cleansing method. Several novelties 
are introduced in order to do so. First, the removal of heterogeneities in poorly 
tagged faecal matter by a principal curvature flow algorithm. Second, a robust 
reconstruction of the colon surface, including all polyp candidates, using a logistic 
classifier. This corrects the negative side effects of the first step such as erroneously 
removal of polyp-like protrusions on the bowel wall. Third, we demonstrate the 
effects of our technique on the sensitivity, reading time, and lesion conspicuity in 
a clinical evaluation on data acquired with a reduced radiation dose after a 24-hour 
limited bowel preparation.

Figure 1 Examples of typical cases emanating from a limited bowel preparation and a low 
radiation dose.
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II Materials and methods

A. CT colonography data
The new electronic cleansing method will be evaluated on four subject groups, 
each with a different variation of limited bowel preparation scheme and a low 
radiation dose scanning protocol (Table 1, groups “A”–”D”). Fifteen CT colonography 
examinations were randomly selected from one former study (group “A”) [4], 
supplemented by all (three times fifteen) examinations from another recent study 
(groups “B”–”D”) [8]. Each subject was scanned in prone and supine position. CT 
reconstruction of all datasets was done using standard filtered back-projection. All 
participants underwent a low-fibre diet starting the day before the CT-colonography 
examination. The fifteen subjects from the first study were scanned at a tube current 
of 40 reference mAs whereas the subjects from the second study were scanned at a 
tube current of 25 reference mAs. Note that both radiation levels are lower than in 
previous studies on electronic cleansing. The amount of tagging agent (meglumine-
ioxithalamate; Telebrix Gastro 300 mg I/mL; Guerbet, Cedex, France) ranged from 
4 × 50 mL (group “A”) to 3 × 25 mL (group “D”). This is relevant as it is well known that 
the tagging agent has a laxative effect and, therefore, a low tagging dose is preferred. 
We are unaware of any electronic cleansing algorithm that has been developed and 
evaluated for CT colonography with 24-hour limited bowel preparation as in the 
aforementioned studies [4, 8].
One third of these data, i.e., five subjects per group, was randomly selected for 
development and training of the algorithm. The other ten subjects of each group 
were reserved to be included in the evaluation study. Colonoscopy served as the 
reference standard for all cases. All annotated lesions were reviewed by a research 

Table 1  Data sets used
Data 
set

Number of 
subjects

Radiation 
level

Tagging 
agent

Number of lesions in test set Reference

Training/testing/
total

Reference 
mAs

mL ≥ 6mm ≥ 10mm submerged

A 5/10/50 40 4x50 15 8 7 [4]
B 5/10/15 25 3x50 7 4 0 [8]
C 5/10/15 25 4x25 2 1 1 [8]
D 5/10/15 25 3x25 10 7 0 [8]
O 15/0/1233 100 620 0 0 0 [31]

Total 35/40/1328 34 20 8

Overview of the data sets used in this paper.
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fellow to determine whether the polyps measuring ≥ 6 mm were (partially) covered 
by faecal material or surrounded exclusively by air. Considering prone and supine 
positions as separate cases yielded three lesions in the training set that were covered 
by faecal matter. The test set contained 66 lesions; 58 of them were not covered by 
faecal matter; eight were covered by faecal matter. The effective radiation dose of 
the employed protocols for an average person (hermaphrodite of 70 kg) is: 3 mSv for 
40 reference mAs and 2 mSv for 25 reference mAs [34, 35].
The training set based on datasets “A”–”D” did not contain sufficient polyps for 
reliably training the classifier. For the training of the classifier, we also included 
data from another study [31], only to extend the number of samples in the polyp 
class, see Table 1 (group “O”). We showed in earlier work on computer-aided 
detection of polyps that our classifier is robust against this approach. This study 
originally concerned 1233 patients in total that all adhered to an extensive laxative 
regime, including contrast agents for stool tagging (50 mL barium [Scan C, Lafayette 
Pharmaceuticals] and 120 mL of diatrizoate meglumine and diatrizoate sodium 
[Gastrografin, Bracco Diagnostics]). CT colonography was performed in prone and 
supine position at a tube current of 100 reference mAs. The reference standard 
was optical colonoscopy. In total, 210 polyps larger than or equal to 6 mm were 
identified as such. Radiologists had retrospectively indicated the location of polyps 
based on the reference standard. A research fellow selected all those patients that 
were considered to harbour polyps larger than 6 mm and that were fully submerged 
in the contrast medium in either scan position. In the end, this delivered 15 such 
patients with 15 polyps. More details about these data may be retrieved from [31]. 
Note that these data were only used for the development of the classifier and not in 
evaluating the performance of the new electronic cleansing method.

B. Step 1: Filling heterogeneous tagging
The normal anatomy of the colon surface can be globally considered a cylindrical 
structure which is interrupted by indentations, the so-called haustral folds. 
Colorectal polyps/cancer typically appears as spherical protrusions into the bowel 
lumen. Analysis of the surface curvature (cylindrical, ridge-like, or caplike) facilitates 
the distinction of those structures, which is common practice in CT colonography. 
We exploit the fact that the local shape of all surfaces can be characterised by the 
principal curvatures of an isophote surface patch, even the dark objects formed 
by heterogeneous tagging. The principal curvature flow method described below 
incorporates this a prior knowledge of the local shape of the colon surface.
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Now, observe that heterogeneities within poorly tagged matter appear as irregularly 
shaped dark gray objects on a white background (properly tagged faecal remains). 
Although these heterogeneities have an irregular shape—they consist of locally 
convex patches (see Figure 2) which are characterized by two negative principal 
curvatures, κ2 ≤ κ1 ≤ 0. We present a principal curvature flow algorithm inspired 
by Van Wijk et al. [32] in which these convex regions shrink by evolving the 
structure in such a way that negative first principal curvatures κ1 are raised until 
they approach zero curvature. During the evolution, the shape of the dark objects 
become strictly convex before disappearing completely. This process is illustrated in 
Figure 3. Specifically, since the local shape characteristics of the heterogeneities are 
determined by the first principal curvature, the locally convex (dark) regions shrink 
by raising the intensities in areas where the first principal curvature was negative 
according to

                                                (1)

with κ1 and κ2 the first and second principal curvatures, | I| the gradient magnitude 
of the input image I, and g(·) a curvature dependent function characterising the flow. 
g(κ1, κ2 ) is a continuous function to avoid a discontinuous deformation, especially 
at locations where the sign of κ1 changes. Moreover, it must be small on folds with 
a small negative value of κ1 so that the deformation on such locations is negligible. 
Reversely, the response to local heterogeneities with two large negative principal 
curvatures should be large. In the end, g(κ1, κ2 ) was chosen such that the following 
partial differential equation (PDE) was solved

                                                (2)

in which Iuu is the second derivative in the direction of the first principal curvature 
[36] and Iuu is related to κ1 as follows

This shows that the intensity will increase until the largest curvature vanishes and 
there only is positive curvature left. This also means that the image intensities are 
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Figure 2 The image shows poorly tagged faecal matter. The heterogeneity is resolved by 
iteratively applying the principal curvature flow algorithm. Below the figure is the number 
of iterations of the algorithm. After 70 iterations, the image does not change significantly.

Unprocessed 15 iterations

5 iterations 25 iterations

10 iterations 70 iterations

Figure 3 A dumbbell object that simulates an heterogeneity in tagged faecal matter. The 
diagram shows the evolution of a cross-section of the object. The first iterations raise the 
intensities of the voxels in the local convex parts of the object. This moves the object’s 
contour inwards. After that, the whole object is shrunken until it completely vanishes. Each 
line represents the shape after a certain number of iterations.
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not conserved, which is different from, for example, a diffusion process. Figure 2 
shows a typical example. Considering the normal shape of the colon, the effect of 
this evolution scheme is negligible around the colon surface bordering air as the 
first principal curvature is large at polyps and haustral folds and close to zero in 
all other parts of the surface. For the submerged colon surface in which the sign 
of the curvatures are inverted with respect to colon–air interface things work out 
differently. A side effect to this evolution is that it affects the shape of submerged 
polyps, i.e., these polyps are gradually removed whereas the remainder of the 
submerged colon surface remains undisturbed.
The number of iterations is largely determined by the size of an object. In general, 
it takes only a few iterations for small objects, but more for large objects to reach 
convergence. As such the method adapts to the scale of an object (see also [32]). 
Consequently, there is some variation over a whole dataset. In practice, about 100 
iterations appeared to work well.

C. Step 2: Reconstruction of colon surface
The reconstruction phase addresses the issue that submerged polyps should be 
retained in the data even though they also display negative κ1. The approach to do 
so is to first obtain an accurate estimate of the colon surface without protrusions 
by applying the original electronic cleansing algorithm (see Section II-D) to the pre-
processed data. Subsequently, this estimate can be used to delineate the polyp 
candidates and to determine whether a candidate is connected to the colon wall.
Previously, a principal curvature flow algorithm served as an initial candidate 
detection step for automated polyp detection [32, 33]. Characteristic features were 
derived from the candidates after which polyps were identified by a sophisticated 
multistage logistic classifier. We adapted this classifier to the specific nature of the 
problem at hand. Automatic polyp detection requires that the sensitivity for polyps is 
maximal at the expense of as few false positive detections as possible. Here, the aim 
is to reconstruct the normal bowel wall and leave as little faecal material as possible. 
The classification system must reconstruct all polyps to permit a 100% sensitivity for 
polyps in subsequent reading strategies. To achieve this, (non-polypoid) protrusions 
of the normal bowel may be restored as well, but (preferably) not the faecal residue. 
Therefore, the classifier does not need to be as strict in separating polyps from 
other protrusions as in automated polyp detection. We realise that this requires 
a different way of setting the decision boundary of the classification system. The 
reconstruction technique was developed using a training set of five subjects from 
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each of the four patient groups “A”–”D” in Table 1 supplemented by fifteen subjects 
from group “O” to raise the number of samples of the polyp class (excluded from the 
experiments below). By adding the polyps from group “O” to training set, it becomes 
possible to get a sufficiently good description of the polyp class.
Practically, candidates for restoration are defined as regions with an increase in 
intensity of more than 200 HU. This value is (approximately) the lower bound for the 
difference between the tagged material and tissue. The limit of 200 HU is comparable 
to the threshold that was previously used for polyp candidate selection [32]. The 
objects not retained after this step typically correspond to noise and (irrelevant) 
small protrusions of the bowel wall, i.e., smaller than a 6 mm polyp.
Among the candidates detected one finds “floating debris.” In addition, candidates 
may (partially or fully) cover areas with a high signal intensity surrounded by 
material with even higher intensities. Reversely, there may also be areas with low 
intensities, e.g., due to the presence of air. Therefore, we impose the requirement 
that candidate areas must be connected to the colon wall and contain intensities 
in the soft tissue range. To do so, the electronic cleansing algorithm (see below) 
tentatively identifies the colon’s inner surface after the application of second-order 
curvature flow. Subsequently, we propagated [37] the bowel surface into connected 
candidate voxels with signal values higher than -200 HU. Note that this may yield 
smaller candidate objects, while air is discarded. The parameters associated with all 
these heuristic conditions were set to have 100% sensitivity for polyps in the training 
set. One might observe that candidate objects of higher intensity are not considered 
in this step of the algorithm, because they will be removed by the cleansing step (see 
below) which is designed to remove all (tagged) high intensities voxels.
Subsequently, a simple classifier will be applied to discard most of the remaining false 
positives, caused by untagged stool, mixing with air, etc. Conventionally, automated 
polyp detection relies on the two properties used by radiologists: the shape of a 
candidate and the intensity distribution inside a candidate. Unfortunately, the shape 
of a candidate appeared to be a non-distinguishing feature for the current problem. 
We attribute this to the variety in shapes of poorly tagged material due to which it 
may closely resemble both polyps as well as non-polypoid structures. Therefore, we 
rely on intensity features of the candidate objects represented by the candidate’s 
mean intensity and its minimum intensity. We use a linear logistic classifier that 
acts on these features, trained on the objects in our training set. This classifier was 
used previously for automated polyp detection and is robust against severe class 
imbalances [38]. Again, we require that the sensitivity for polyps is 100% in the 
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training set. Also, we do not have to be very strict in the classification as restoring 
normal (healthy) bowel wall does not affect the goals of this study. To guarantee 
high lesion sensitivity while the number of training examples is low, the resulting 
decision boundary was shifted to at least three times the standard deviation away 
from the mean of the lesion examples composed by subjects from training datasets 
“A”-”D.” Figure 4 shows a feature space of the previously mentioned characteristics 
measured on the training set as well as the resulting decision boundary.
Finally, the restoration of detected objects simply boils down to resubstituting the 
original intensity values (i.e., prior to principal curvature flow).

D. Electronic cleansing
The final step of the method is to perform electronic cleansing, for which we 
use the technique described by Serlie et al. [26] (see the Appendix for a more 
extensive description of this method). It was found that this method leads to 
shorter evaluation time, lower assessment effort, and greater observer confidence 
than CT colonography without electronic cleansing on patients that underwent 

Figure 4 Feature space indicating the objects from the training set; black circles are lesions 
from subject group ‘O’, black dots are lesions from the training data set from subject groups 
‘A’–’D’ and grey dots are non-polypoid structures. The dashed line indicates the classifier.
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extensive bowel preparation [11]. This rigorous preparation simplifies electronic 
cleansing somewhat because the faecal remains typically have amore homogeneous 
appearance than in a limited bowel preparation. The principal curvature flow 
algorithm effectively acts as a pre-processing step that removes heterogeneities 
from tagging. As such the data become suitable for processing by this electronic 
cleansing algorithm.

E. Running times
The algorithm ran on a Dell Precision T3600 workstation incorporating a quad-core, 
2.33 GHz Intel Xeon processor, and 3.25 GB Ram system memory. All pre-processing 
as described in this paper took approximately 1 minute per dataset (thus, per patient 
position). In addition to that, the (standardly used) electronic cleansing algorithm 
also took about 1 minute per dataset.

III. Experiments and results

A. Experimental setup
Assessing the performance of an electronic cleansing algorithm is a complex 
problem. Effectively, one would like to determine the performance of reading 
electronically cleansed data as well as the extent to which the algorithm modifies 
polyp shape so that it is not detected anymore. The former is accomplished by a 
clinical evaluation (part I, below), the latter by a polyp conspicuity study (part 
II). After all, if the electronic cleansing algorithm would change polyp shape in a 
destructive manner, this might lead to a different conspicuity. This evaluation of the 
method was performed much in the same way as by Serlie et al. [11].
1) Part I: Two observers independently evaluated the 40 cases by means of a primary 
2D approach without involvement of electronic cleansing as well as by a primary 
3D method after electronic cleansing (employing the unfolded cube flythrough 
technique [30]). As the focus of this study was to evaluate the electronic cleansing 
algorithm, the readers were not offered the possibility to observe the uncleansed 
3D data. Both observers had a previous experience of evaluating more than 200 
colonoscopy verified CT colonography cases. The cases were evaluated twice, in 
two sessions. In the first session, cases were randomly assigned to be evaluated 
either by means of the primary 3D or the primary 2D approach. Subsequently, in 
the second session, the alternative reading method was used. In both sessions, the 
cases were presented in random order. There was a six-week interval before reading 
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the identical case for the second time to avoid a recall bias. For each lesion, the size, 
location, and morphology was annotated. Furthermore, the observers rated, per 
case, their assessment effort on a 4-point Likert scale and their confidence in the 
reading on a 3-point Likert scale (Table 2). All evaluation times were recorded.
The performance of the observers in reading the data was evaluated by assessing the 
sensitivity of lesion detection as well as the diagnostic accuracy of case classification. 
The latter represents the fraction of correctly classified cases. The sensitivity and 
diagnostic accuracy of the observers were determined by an independent research 
fellow (prior experience: > 200 colonoscopy verified CT colonography cases) in 
comparison to the colonoscopy data. For primary 2D and primary 3D reading, the 
per-lesion (polyps and cancers) sensitivity and the per-case diagnostic accuracy 
were compared with a generalised estimating equation (GEE) analysis [39]. This test 
corrects for related misses and findings of the two observers. For submerged lesions 
we performed McNemar’s test because there were insufficient lesions to do a GEE 
analysis. McNemar’s test was also used to test the differences in polyp sensitivity 
of the two observers separately. The reading efforts and reading confidences were 
assessed by means of a Wilcoxon signed-rank test. For comparison of the reading 
times a paired t-test was performed.
2) Part II: The conspicuity of the polyps with and without electronic cleansing was 
examined by the same two observers more than six weeks after all readings of 
part I were completed. Prone and supine acquisitions were considered as separate 
cases in this part of the evaluation. The polyps initially covered by tagged material 
were shown after electronic cleansing; all polyps surrounded by air were presented 
as is. The lesions were presented in a 3D reading to the same two observers in 
random order. The observers indicated the level of conspicuity on a 5-point Likert 
scale ranging from “inadequate” to “good” (Table 2). For the cases classified as 
“inadequate” or “moderate,” the observers indicated, if possible, the cause. The 
lesion conspicuity of the polyps residing in air were compared with the polyps partly 

Table 2  Lickert scales
Effort Confidence Conspicuity
Very difficult 1 Not confident 1 Inadequate 1
Difficult 2 Medium confident 2 Bad 2
Easy 3 Very confident 3 Moderate 3
Very easy 4 Sufficient 4

Good 5

Likert scales used for assessment of reading effort, confidence and lesion conspicuity.
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Figure 5 Result of the 3D unfolded-cube fly-through visualisation of the cleansing before (a) 
and after (b) the electronic cleansing as proposed in this paper.

(a)

(b)

or fully covered by faecal material using a Wilcoxon signed-rank test. The results of 
the evaluation are presented in Sections III-C and III-D. For all calculations a P value 
< 0.05 is considered to indicate a statistically significant difference.

B. Pictorial results
Figure 5 displays a typical instance of the 3D unfolded cube fly-through visualisation 
without and with the proposed pre-processing, i.e., principal curvature flow 
followed by colon surface reconstruction. It can be observed that the view of the 
colon surface is severely hampered in the visualisation of the original data [see 
Figure 5(a)]. These artefacts emanate from heterogeneously tagged faecal matter. 
These artefacts made it impossible to evaluate such limited preparation data in a 
primary 3D way and hinder 3D problem solving in primary 2D reading approaches. 
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The heterogeneity filter removes the non-polyp-like objects as can be seen in the 
image resulting after electronic cleansing. Figure 6 shows examples of the pre-
processing, reconstruction and cleansing of typical structures that are covered by 
faecal remains. The first two rows show examples of heterogeneities of which at 
least one is close to the air–fluid border and at least one is close to the colon wall. 
The last row shows a polyp on a fold.

C. 2D and 3D case reading results (part I)
The results are collated in Tables 3 and 4. The overall sensitivity for lesions ≥ 6 mm 
was significantly higher for the primary 3D reading strategy after electronic 
cleansing than for the primary 2D approach (P = 0.031). The overall sensitivity for 
lesions ≥ 10 mm was also higher with primary 3D reading, but the difference was 
not significant (P = 0.160). The per-case accuracies were not significantly different. 
In total (for the two readers combined) there were eleven false positive findings 
≥ 6 mm for primary 2D reading (94% per-case specificity) and twelve for primary 3D 
reading (96% per-case specificity). We also tested the differences in polyp sensitivity 
of the two observers separately. For lesions ≥ 6 mm, the P values were 0.18 and 0.07 
for observers I and II, respectively (i.e., both not significant).

Figure 6 Examples of principal curvature flow for objects that are covered by faecal remains: 
(top row) floating stool; (middle row) heterogeneities, floating stool of which some are close 
to the colon wall; (bottom row) polyp on a fold. The first column shows the original data, 
columns 2–4 shows the data after various number of iterations, columns 5–6 show the 
results after cleansing. Note that the polyp on the last row re-appears in the reconstruction 
step as described in Section II-C.
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The sensitivity for primary 3D reading after electronic cleansing was significantly 
higher and the reader confidence was significantly lower compared with primary 
2D reading. The effort values were slightly, but not significantly decreased for 
3D reading compared with primary 2D reading, see Figure 7. The mean effort 
value (4-point Likert scale) was reduced from 2.8 (2D) to 2.6 (3D) (P = 0.060). The 
average confidence value (3-point Likert scale) was reduced from 2.3 (2D) to 2.1 
(3D) (P = 0.013). Also, the overall reading time for both observers combined is 
significantly lower for 2D reading compared with 3D reading (P = 0.005); see Table 5. 
The 2D reading time is particularly lower for observer II (P = 0.0001); for observer I 
this difference is not significant.

D. Conspicuity Scoring Results (Part II)
Table 6 shows the median values of the conspicuity scores for the two observers. 
The combined median conspicuities (for observers I + II) do not differ more than 
half a scale point and are not significantly different between the submerged and not 
submerged lesions (P = 0.092).

IV. Discussion

This study shows that our proposed electronic cleansing method enables primary 3D 
reading of low-dose CT colonography with a 24-hour limited bowel preparation. Even 
for the most limited patient preparation (group “D”) the sensitivity and accuracy 
remained high. The sensitivity of the primary 3D reading was significantly higher 

Table 5  Reading times
Observer 2D 3D Difference
I 7:38 7:32 -0:06
II 3:40 6:47 +3:07
I+ II 5:39 7:09 +1:30

Average reading times of the two observers (minutes:seconds)

Table 6  Conspicuity scoring
Submerged lesion? Median score for observer

I II I+II
No (n = 58) 4 3 3
Yes (n = 8) 2.5 2.5 2.5

Lesions in prone and supine acquisitions are considered separately. The scores are based upon the 
Likert scale for conspicuity in Table 2.
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Figure 7 Comparison of the reading effort and confidence values of the observers for 2D and 
3D reading.
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compared with the primary 2D reading for lesions ≥ 6 mm. The sensitivity of the 
primary 3D reading was also higher than the sensitivity of the primary 2D reading 
for lesions ≥ 10 mm, but the difference was not significant. Reader confidence was 
significantly lower and reading time was significantly higher compared with a 2D 
primary reading; there was no significant difference in the reader effort. There 
was no significant difference in 3D lesion conspicuity for submerged lesions after 
electronic cleansing compared with polyps residing in air. The higher sensitivity that 
we found using the primary 3D reading strategy has been reported previously as 
well [40, 41]. However, certainly not all studies point toward an improved detection 
with a primary 3D reading [42, 43]. We noted that in our data some lesions, which 
were surrounded by poorly tagged stool, were difficult to see in a 2D reading, but 
conspicuous enough in 3D to initiate a careful 2D characterisation.
The decreased reader confidence for primary 3D reading may seem in conflict with 
the improved sensitivity results. We believe that the decreased reader confidence, 
and also the higher reading times in a primary 2D reading strategy, relate to the 
prior experience of observer II. Observer II had scored image quality in 900 CT 
colonography cases in a 2D fashion, compared to a smaller number of 200 CT 
colonography cases that were read in both primary 2D and primary 3D manner [7]. 
Another explanation for reduced reader confidence may be the result of small holes 
that were occasionally present in the colon wall as well as on a few spots a large 
number of small irregularities that prevented a 2D verification for all of them. The 
latter might have required extra reading time, although primary 3D evaluation was 
more often found to take longer than primary 2D evaluation [13, 42, 44]. On the 
other hand, the holes and irregularities did not seem to have a negative influence 
on the diagnostic performance. Furthermore, it should be noted that although the 
primary 3D reading time was longer compared with the 2D primary reading time, 
these reading times are well below the average reading times reported in the 
literature [31, 45]. Hence, our cleansing algorithm facilitates time-efficient primary 
3D reading as well. In this study we did not evaluate primary 3D reading strategy 
without electronic cleansing. Furthermore, a separate study on the effect of the low 
radiation dose on the data quality was outside the scope of this study and can be 
found elsewhere [16, 46].
This study has a few limitations. As mentioned previously, the rendered colon wall 
sometimes contained small holes. For these datasets, the number of iterations of 
the principal curvature flow may have been too high. Although these holes typically 
appear in areas with very thin soft tissue structures (not likely to contain polyps or 
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cancers), we would have preferred to avoid this effect. The small irregularities on 
the bowel wall are likely the result of poorly tagged bowel content. Areas inside 
the colon where the intensity of the tagged material is below 200 HU will remain 
problematic since such poorly tagged material simply bears a very close resemblance 
to soft tissue. Furthermore, data on submerged lesions as well as the number of 
readers were limited.

V. Conclusion

Thus far, data from CT colonography with a reduced radiation dose and with very 
limited bowel preparation were evaluated using a 2D reading strategy only. Existing 
cleansing algorithms did not work sufficiently well to allow a primary 3D reading 
strategy. This study shows that the presented cleansing method allows a primary 
3D reading strategy with high lesion sensitivity for low-dose CT colonography with 
24-hour limited bowel preparation. Moreover, the results indicate that the primary 
3D evaluation significantly outperforms the primary 2D evaluation with respect to 
sensitivity for polyps ≥ 6 mm. To our knowledge this study is the first to describe an 
electronic cleansing algorithm that has been verified to be able to handle such very 
limited prepared data.

Appendix

Electronic cleansing
The following description has been taken from [11]. The electronic cleansing 
algorithm uses the environment of CT densities around each voxel to solve the 
partial volume effect. Effectively, three types of environments are modelled: pure 
materials, transitions between two materials, and junctions in which three materials 
meet. Initially, it is assessed whether the local environment matches “pure” soft 
tissue, tagged material, or air. If so, the voxel under investigation is labelled to 
contain 100% of that material. Alternatively, the local environment is compared 
with models of two-material transitions. This procedure involves selecting the 
type of transition (e.g., air or tagged material) and, subsequently, estimating the 
percentages of the (two) constituting materials. Effectively, the voxel is assigned 
material percentages depending on its location with respect to the transition. 
Simply applying this algorithm to a sample dataset leads to artefacts emanating from 
the band-shaped area where three materials meet (also described in the study by 
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Pickhardt and Choi [47]). Separate models were created for potential junctions, such 
as a thin layer of tagged material and tagged material attached to the colon wall 
under various angles. The type of junction is identified by the model that best fits 
the local configuration of CT values and the material percentages derived from the 
considered voxel’s location with respect to the junction. The algorithm takes into 
account that the image values of the materials may vary (this specifically holds for 
tagged material). We implemented the electronic cleansing method on a proprietary, 
experimental version of the ViewForum workstation (Philips Healthcare).
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Summary and implications

CT colonography is a structural radiological method to evaluate the colorectum for 
polyps and cancer. The technique is being used in clinical practice when colonoscopy 
is incomplete and as an alternative for colonoscopy. Additionally its role as possible 
screening tool for colorectal cancer is under continuous investigation.
Naturally, all techniques have their limitations or for certain aspects there is a lack 
of data. For CT colonography this includes: insufficient insight into different reading 
approaches for screening, use of ionising radiation, a painful colonic distension and 
a burdensome oral bowel preparation. In this thesis we explored opportunities to 
work on these limitations and thereby refine CT colonography methods.

For the possible future role of CT colonography as a screening tool, the cost-
effectiveness is of great importance and therefore we have to scrutinise 
opportunities to save costs. Since radiographers are able to report CT colonography 
for intracolonic lesions as accurate as a radiologist [1–3], reporting of intracolonic 
findings by radiographers may be a cost-reducing strategy for screening. With this 
radiographer reading strategy it is impractical that a radiologist has to read all CT 
colonographies for extracolonic findings. In chapter 2 we therefore studied whether 
radiographers can be trained to triage extracolonic findings in CT colonography into 
four triage categories: normal, unimportant, likely unimportant and potentially 
important findings [4]. Likely unimportant and potentially important findings require 
further work-up, while normal and unimportant findings do not. If radiographers 
are able to perform an effective triage, a radiologist only has to evaluate a small 
proportion of the CT colonographies for extracolonic findings. In this study we 
offered an initial structured extensive training to eight radiographers. Subsequently 
radiographers triaged 280 CT colonography examinations for extracolonic findings. 
The first and last 40 CT examinations were identical test cases without feedback 
from the radiologist report. The other 200 CT examinations were part of the second 
training phase where feedback from the radiologist report was provided after 
reading a case. We found that radiographers had a sensitivity and specificity of 70% 
for triaging findings that require further work-up. For the likely unimportant findings 
there was a significant improvement between the first and final test (52% vs. 70%). 
However, for the potentially important findings no improvement was observed 
between the two tests (in both tests 69%).
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Although we observed a learning effect, the triage after training was insufficiently 
effective to consider our triage strategy for CT colonography screening practice. 
Even with a good performance, the medicolegal issues may have been a hurdle for 
this approach in many countries. Our study implicates that the complex anatomy and 
large differential diagnosis of abdominal CT is likely not appropriate for evaluation by 
radiographers. Therefore studies on CT colonography evaluation by radiographers 
should focus on intracolonic findings only.

The exposure to ionising radiation is a risk in CT colonography and the risk-benefit 
ratio is especially important in screening. The benefit of CT colonography is clear in 
terms of the sensitivity and specificity for colorectal cancer and polyps. However, 
the risk of cancer induction with radiation exposure may change over time as a 
result of stricter guidelines and more efficient radiation use by newer CT systems. 
It is therefore important to know the current radiation burden. For this purpose 
we performed an international radiation dose inventory among CT colonography 
research institutions, which we report in chapter 3. We aimed to determine the 
radiation burden in 2011 and whether it has reduced since 2007, in which the last 
radiation dose inventory was performed. We emailed 109 institutions and asked to 
provide all available CT colonography protocols (screening, daily practice with and 
daily practice without intravenous contrast medium). Protocols were provided for 
by 58 institutions. We found that the median effective dose in 2011 was 7.6 mSv for 
daily practice and 4.4 mSv for screening protocols. Radiation dose had not reduced 
since 2007 for both daily practice protocols and screening protocols. Berrington de 
González calculated the benefit-risk ratio for a screening CT colonography in 2011 
and used 7 mSv for men and 8 mSv for women for this calculation [5].
Our results indicate that the radiation dose used for screening CT colonography is 
close to half this dose. Therefore the benefit-risk ratio is in fact twice as high as 
in the aforementioned study. Radiation dose reduction to 2 mSv and even lower 
seems feasible and would further improve the benefit-risk ratio. Implementation of 
stricter guidelines and use of dose reducing tools, such as iterative reconstruction 
algorithms may help to achieve this.

Chapter 4 is a narrative review in which we summarise the literature on two 
important CT colonography aspects: colonic insufflation and radiation dose. Based 
on the literature we come to the following recommendations and conclusions: To 
obtain sufficient colonic distension we recommend using automatic carbon dioxide 
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insufflation via a thin flexible catheter. Hyoscine butylbromide is the preferred 
spasmolytic for CT colonography because of its positive effect on pain, burden 
and insufflation and its lower costs (than the alternative: glucagon hydrochloride). 
Scans should be performed in both prone and supine position, although lateral 
decubitus position may be used as an alternative for prone. Low-dose protocols 
without intravenous contrast medium should be used when extracolonic findings 
are deemed unimportant. Dose reduction can be realised by lowering tube voltage 
or tube current and dose modulation should be used when available. Iterative 
reconstruction algorithms allow for the use of lower radiation dose without reduced 
image quality.

The next issue we addressed in this thesis is the burden caused by the colonic 
insufflation. For adequate interpretation of the whole bowel lumen, colonic 
insufflation is a prerequisite. Unfortunately, insufflation leads to stretching of the 
bowel wall that causes discomfort and cramping pain. In several studies, both in 
screening and in patients, the pain and burden of CT colonography even compares 
unfavourably to conventional colonoscopy under conscious sedation [6–9]. Apart 
from the burden and anxiety, this may influence the adherence to CT colonography. 
We therefore studied the effectiveness of analgesia in reducing pain during bowel 
insufflation and thereby improve CT colonography acceptance. In chapter 5, 
the design of a prospective randomised double-blind, placebo-controlled trial 
is described. In that trial was evaluated whether a single bolus of intravenous 
alfentanil can provide a clinically relevant reduction of maximum pain during colonic 
insufflation. This was the first study on analgesia in CT colonography. The results 
were described in chapter 6 and show that a single intravenous alfentanil bolus 
resulted in a clinically relevant decrease in pain during colonic insufflation. The total 
pain and burden of the total CT colonography procedure were also reduced with 
alfentanil. In the alfentanil group more dizziness and desaturations (< 90% SpO2) 
were observed, however all desaturations were clinically irrelevant because they 
were short and resolved spontaneously. Recovery times were different directly 
after the procedure, but similar at 30 minutes after injection of study medication. 
Procedure time was comparable for both groups. Our study showed that a single 
bolus intravenous alfentanil reduces CT colonography pain and burden and may 
therefore improve the acceptance of CT colonography among physicians, patients 
and screening participants. Especially for persons with a low pain threshold, the use 

Boellaard.indd   188 4-11-2013   9:23:26



Summary, conclusions and implications

189

10

of an analgesic such as alfentanil may be a viable option. However, more information 
about the safety profile of a low-dose alfentanil bolus is warranted.
If a centre would consider using alfentanil during CT colonography insufflation, 
this will have implications for their practise. A physician trained in the use of 
opioids should perform the procedure while at many institutions a radiographer 
now performs the examination. Emergency medication and equipment should be 
available on site. Because the pain of the patient will be less reliable for assessing 
the amount of insufflated gas, it is important to use automatic insufflation because 
the safety valves will prevent too high pressures. Another implication is that patients 
have to arrange transportation, as they are not allowed to drive the day they 
received alfentanil. Patients who receive hyoscine butylscopalamine bromide are 
already not allowed to drive within half an hour after the procedure, but for glucagon 
hydrochloride there are no driving restrictions at all. To avoid the abovementioned 
changes in practice, it may be an option for future studies to assess the use of oral 
pain medication to reduce insufflation pain in CT colonography. However, current 
literature generally shows insufficient analgesic effect of oral (non-opioid) pain 
medication for the prevention of procedural pain [10–12].

Another factor that may influence the pain and burden is the type of spasmolytic 
used. For CT colonography a spasmolytic is injected to improve colonic distension 
and to reduce cramping pains and motion artefacts. Two spasmolytics are commonly 
used for this purpose, hyoscine butylbromide and glucagon hydrochloride. Very 
little is known about the possible differences in distension and burden between 
these spasmolytics. Only two studies performed a direct comparison between 
hyoscine butylbromide and glucagon hydrochloride in CT colonography and in these 
studies no differences were detected. In chapter 7 we describe a comparison of the 
distension, pain and burden within a large population-based screening trial in the 
area of Amsterdam and Rotterdam, comparing the participation, yield and burden 
of colonoscopy and CT colonography screening. Hyoscine butylbromide resulted in 
significantly more adequately distended colon, mainly caused by better distension 
of the sigmoid. Furthermore we observed that in the group receiving hyoscine 
butylbromide, lower burden scores were given for colonic insufflation, changing 
table positions and the entire procedure. No significant differences were found in 
the pain experienced or side effects. However, the type of side effects was different 
in both groups. For hyoscine butylbromide the most common side effect was a dry 
mouth (15%) and for glucagon hydrochloride the most common side effect was 
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nausea (13%). The difference in type of side effects may explain the difference in 
burden between the groups. The pain was similar in both groups and is therefore no 
explanation for this difference.
Because of superior bowel distension and burden scores, hyoscine butylbromide is 
the preferred spasmolytic. A randomised placebo-controlled trial could answer the 
question whether glucagon hydrochloride is beneficial for distension and burden 
compared to the use of no spasmolytic.

Finally we strived to reduce discomfort of the bowel preparation that is required 
for CT colonography. Together with the colonic insufflation, the bowel preparation 
is the most burdensome aspect of this technique. Although preparations used 
nowadays are often moderately purgative, we would prefer to obviate the need 
for a preparation. With CT colonography, colorectal polyps and cancers are visible 
within the stool by using stool/fluid tagging, creating enough contrast between 
bowel content and polyps. Intravenous contrast medium is administered to detect 
(liver-) metastases and – as it does not improve intracolonic visualisation – not for 
intracolonic lesion detection. However, dual-energy is a technique which allows 
better detection of iodine and post-processing allows construction of ‘iodine-only’ 
images, the so called ‘iodine maps’ [13, 14]. Possibly with dual-energy CT intracolonic 
lesions may be detected because of improved conspicuity of lesion enhancement 
by intravenous contrast medium. This might open the way to perform CT without 
bowel preparation or insufflation for colorectal cancer detection, which is the 
primary target in frail and elderly patients. Further, visibility of cancers without 
bowel preparation or insufflation may indicate that contrast-enhanced dual-energy 
CT colonography may be feasible for detection of both colorectal polyps as well.
In chapter 8 we assessed the feasibility of colorectal cancer detection using 
contrast-enhanced dual-energy CT with iodine mapping and without further 
preparation. We included 21 patients with proven or highly suspected for colorectal 
cancer and scheduled for a pre-operative abdominal CT scan. Patients were scanned 
with intravenous contrast medium on a dual-energy CT system without use of oral 
bowel preparation or colonic insufflation. For post-processing, we first estimated 
the parameters needed to distinguish stool from the colonic lumen. Images were 
subsequently scored for image quality, lesion detection without and with knowledge 
of the reference standard. All cancers were visible on the iodine maps. Sensitivity 
during the blinded read was 90% without and 96.7% with iodine maps. Median 
carcinoma enhancement was 29.9 Hounsfield units. Two large benign lesions were 
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visible on the iodine map, lesions of 15 mm and smaller were not visible. In our high 
prevalence population the sensitivity for colorectal cancer was high with the  dual-
energy technique with intravenous contrast medium but without bowel preparation 
or insufflation regardless of using iodine maps or not.
Our patient-friendly strategy should be further studied in a low-prevalence 
population. Because our study was too small to stratify for different size categories, 
it is important for future studies to evaluate the detection of cancers with different 
sizes. Future studies should also consider a larger training set for the use of iodine 
maps as there may well be a learning curve for interpretation of these maps. Iodine 
maps have the potential to help for the detection of colorectal cancers, although 
in our study we did not detect a significant advantage of reading the iodine map in 
addition to weighted average images only. An appropriately powered study should 
be performed to test whether reading the iodine maps in addition to weighted 
average images can improve diagnostic accuracy. In our study the largest visible 
polyp measured 25 mm. An opportunity to allow for detection of smaller polyps and 
further improve carcinoma detection may be the use of colonic insufflation with 
dual-energy CT colonography, although for frail and elderly patients the burden 
caused by colonic insufflation is undesirable. Finally, we observed artefacts created 
by dense stool even after an optimisation step to differentiate dense stool from 
bowel wall. These artefacts could simulate enhancing lesion and also could hinder 
identification of true enhancing lesion. Possibly mild stool softening may prevent 
these artefacts and this need to be studied.

Apart from attempts to obviate the CT colonography bowel preparation, attempts 
have been made to reduce the catharsis of the preparation. Evaluating the two-
dimensional images is possible with just a small amount of ionic iodine, such as 
meglumine ioxithalamate [15]. For optimal evaluation, however, use of both two-
dimensional and three-dimensional images is advisable [16, 17]. Three-dimensional 
visualisation of lesions covered by tagged bowel content is possible using electronic 
cleansing (i.e. electronic removal of the colonic residue). However, reduced bowel 
preparations cause more heterogeneous tagging, leading to cleansing artefacts 
that preclude three-dimensional evaluation of CT colonography. We therefore 
attempted to develop a cleansing algorithm able to handle this minimally prepared 
examination, and thereby allow three-dimensional visualisation. First we developed 
and tested a new cleansing algorithm, which we describe in chapter 9. For this 
algorithm a principal curvature flow algorithm was adapted to remove poorly tagged 
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faecal matter. Additionally, a pattern recognition based approach was taken to 
reconstruct eventual errors, such as erroneous removal of protrusions on the bowel 
wall. We tested the performance in two parts: First two observers evaluated 40 
CT colonographies with a 24-hour minimal bowel preparation  in three-dimensional 
and two-dimensional manner. The obervers also rated their confidence and noted 
the reporting time. Secondly all polyps in the dataset were evaluated for their 
conspicuity. In this part, polyps surrounded by air were left uncleansed and cleansing 
was used for polyps surrounded by stool. The sensitivity for lesions measuring 6 
mm or larger was better during the three-dimensional evaluation, but no difference 
between two-dimensional and three-dimensional evaluation was found for lesions 
measuring 10 mm or larger. Three-dimensional reading was associated with longer 
times and lower reader confidence. Polyp conspicuity was not different between 
polyps surrounded by air without cleansing, compared with polyp surrounded by 
tagged material after cleansing.
This study shows that high polyp sensitivity is achievable with three-dimensional 
evaluation in the 24-hour minimally prepared CT colonographies using our newly 
developed cleansing algorithm. Previously, three-dimensional evaluation was 
not possible on minimally prepared scans because of severe cleansing artefacts. 
There may still be opportunity for some improvement, for example in finding the 
optimal balance in the number of iterations of the algorithm or the cut-off values to 
distinguish contrast medium from polyps. However very low-density stool adjacent 
to the bowel wall cannot be removed even after optimisation. Further research is 
required to test our algorithm with larger number of patients and efforts should 
be made to improve reader confidence and shorten three-dimensional evaluation 
times. Finally, this algorithm should be tested on datasets not used for optimising 
the algorithm, which will be even more challenging than the dataset used in our 
study.
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Conclusions

After training radiographers to triage CT colonography for extracolonic findings, 
accuracy is insufficient to consider their involvement in screening CT colonography.

Radiation dose in 2011 was 7.6 mSv for daily practice and 4.4 mSv for screening 
protocols and radiation dose had not reduced since 2007. Further dose reduction is 
desired to improve the benefit-risk ratio, especially for screening.

A single low-dose intravenous alfentanil bolus provides a clinically relevant reduction 
of maximum insufflation pain during colonic insufflation for CT colonography and 
also reduces the pain and burden of the total CT colonography procedure. Alfentanil 
may therefore improve the acceptance of CT colonography, especially in patients 
with a low pain threshold.

Hyoscine butylbromide is the preferred spasmolytic over glucagon hydrochloride 
because it results in a significantly better distension, lower burden scores and lower 
costs and its milder side effects.

Dual-energy CT with intravenous contrast medium en without bowel preparation 
or insufflation is feasible for colorectal cancer detection, although iodine maps did 
not improve the detection significantly and results need to be confirmed in a low-
prevalence population.

With our newly developed cleansing algorithm, a three-dimensional primary read 
seems possible in 24-hour minimally bowel prepped CT colonography with good 
sensitivity for polyps of 6 mm and larger. However, reading time and confidence are 
in favour of two-dimensional primary read in these data.
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Samenvatting en implicaties

CT-colografie is een structurele radiologische methode om het colorectum te 
onderzoeken op poliepen en kanker. De techniek wordt in de klinische praktijk 
gebruikt wanneer de coloscopie incompleet is, maar ook als alternatief voor 
coloscopie. Daarnaast wordt CT-colografie onderzocht als methode voor 
dikkedarmkanker screening.
Alle technieken hebben hun beperkingen en van sommige aspecten zijn de 
data beperkt. Voor CT-colografie zijn dit ondermeer: onvoldoende inzicht in de 
verschillende screening strategieën, het gebruik van ioniserende straling, een 
pijnlijke darm distensie en een belastende darmvoorbereiding. In dit proefschrift 
onderzoeken we de mogelijkheden om hieraan te werken om daarmee de CT-
colografie techniek te verfijnen.

In verband met een mogelijke toekomstige rol van CT-colografie als 
screeningsonderzoek, is de kosteneffectiviteit erg belangrijk en daarom moeten 
we alle manieren onderzoeken om kosten te besparen. Omdat laboranten in staat 
zijn om CT-colografie net zo goed te beoordelen voor intracolonische bevindingen 
als radiologen [1–3], zou het rapporteren van intracolonische bevindingen door 
laboranten een kostenbesparende strategie kunnen zijn voor screening CT-
colografie. In een strategie met laboranten als de beoordelaar van intracolonische 
bevindingen, zou het onpraktisch zijn als een radioloog alle beelden moet beoordelen 
voor extracolonische bevindingen. Daarom bestuderen we in hoofdstuk 2 of 
laboranten in staat zijn om na een training extracolonische bevindingen te triageren 
in vier categorieën: normale, onbelangrijke, waarschijnlijk onbelangrijke en 
mogelijk belangrijke bevindingen [4]. Voor waarschijnlijk onbelangrijke en mogelijk 
belangrijke bevindingen is vervolgonderzoek noodzakelijk, terwijl dit voor normale 
en onbelangrijke bevindingen niet noodzakelijk is. Indien laboranten effectief kunnen 
triageren, behoeven de radiologen slechts een klein gedeelte van de CT-colografie 
scans te beoordelen voor extracolonische bevindingen. In deze studie hebben we 
een uitgebreide structurele training gegeven aan acht röntgenlaboranten. Daarna 
hebben de laboranten 280 CT-colografie scans getriageerd voor extracolonische 
bevindingen. De eerste en laatste 40 CT onderzoeken waren identieke examen scans 
zonder feedback van het radiologische verslag. De overige 200 CT onderzoeken 
vormden een tweede training doordat er feedback vanuit het radiologische verslag 
werd gegeven nadat de casus was beoordeeld. We vonden dat laboranten een 
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sensitiviteit en specificiteit van 70% behaalden voor casus waarbij vervolgonderzoek 
noodzakelijk was. Voor waarschijnlijk onbelangrijke bevindingen verbeterde de 
triage significant tussen het eerste en het laatste examen (52% vs. 70%). Echter 
voor CT onderzoeken met mogelijk belangrijke bevindingen werd geen verbetering 
gezien in triageren (beide examens 69%).
Hoewel we een leereffect hebben geobserveerd, was de triage na de training 
nog onvoldoende om te overwegen deze strategie in screening CT-colografie toe 
te passen. Ook bij een effectievere triage, zou het triageren van extracolonische 
bevindingen door laboranten waarschijnlijk een lastige medicolegale discussie 
opleveren. Onze studie impliceert dat een CT onderzoek van de buik met de complexe 
anatomie en uitgebreide differentiaal diagnoses waarschijnlijk niet geschikt is voor 
beoordeling door laboranten. Daarom zouden studies naar de rol van laboranten bij 
CT-colografie zich alleen moeten richten op intracolonische bevindingen.

De blootstelling aan ioniserende straling is een risico van CT-colografie en de 
risico-batenverhouding is in het bijzonder van belang in het kader van screening. 
De baten van CT-colografie zijn duidelijk in de zin van sensitiviteit en specificiteit 
voor dikkedarmkanker en poliepen. Het risico van blootstelling aan röntgenstraling 
kan echter in de loop van de tijd veranderen door invoering van striktere 
richtlijnen en stralingsefficiëntere CT-scanners. Het is daarom van belang om de 
huidige stralingsbelasting van CT-colografie te weten. Daarom beschrijven we in 
hoofdstuk 3 een stralingsdosis enquête onder CT-colografie onderzoeksinstituten. 
Het doel van de enquête was het vaststellen van de gebruikte stralingsdosis in 
2011 en of de stralingdosis gedaald was ten opzichte van 2007, het jaar waarin de 
laatste stralingsdosis enquête werd gehouden. We hebben 109 instituten gemaild 
en gevraagd alle beschikbare CT-colografie protocollen te vertrekken (screening, 
klinische praktijk met en zonder intraveneus contrastmiddel). Achtenvijftig instituten 
hebben hun protocol gestuurd. De mediane effectieve stralingsdosis in 2011 was 7.6 
mSv voor klinische praktijk en 4.4 mSv voor screeningsprotocollen. De stralingsdosis 
was niet verminderd ten opzichte van 2007 voor zowel de klinische praktijk als de 
screeningsprotocollen. Berrington de González heeft de risico-batenverhouding 
onderzocht voor screening CT-colografie en voor deze berekening werd 7 mSv 
voor mannen en 8 mSv voor vrouwen gebruikt [5]. Onze resultaten geven aan dat 
de gebruikte effectieve stralingsdosis bijna de helft is van de bovengenoemde 
studie. Een stralingsdosis reductie tot 2 mSv lijkt mogelijk en dit zou de risico-
batenverhouding verder kunnen verbeteren. De implementatie van striktere 
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richtlijnen en stralingsdosis reducerende middelen, zoals iteratieve reconstructie 
algoritmen, kunnen bijdragen om deze reductie te realiseren.

Hoofdstuk 4 is een beschrijvend review waarin we de literatuur van twee belangrijke 
CT-colografie aspecten samenvatten: darminsufflatie en stralingsdosis. Op basis 
van de literatuur komen we tot de volgende aanbevelingen en conclusies: Om 
voldoende darm distensie te krijgen adviseren we om automatische insufflatie met 
koolstofdioxide te gebruiken via een dunne flexibele katheter. Scopolaminebutyl 
bromide is het spasmolyticum van voorkeur vanwege de positieve effecten op pijn, 
belasting, insufflatie en de lagere kosten (dan het alternatief: glucagon hydrochloride). 
Scans moeten zowel in buikligging als rugligging gemaakt worden, hoewel een 
zijligging als alternatief voor buikligging gebruikt kan worden. Een protocol met lage 
stralingsdosis en zonder intraveneus contrastmiddel moet gebruikt worden indien 
de extracolonische bevindingen niet van belang worden geacht. Het reduceren van 
de stralingsdosis is mogelijk door het voltage of de buisstroom te verlagen, ook moet 
dosismodulatie worden gebruikt indien dit beschikbaar is. Iteratieve reconstructie 
algoritmen kunnen de stralingsdosis verlagen zonder verlies van beeldkwaliteit.

Het volgende aspect dat aan bod komt in dit proefschrift is de belasting van 
darminsufflatie. Om het gehele darmlumen adequaat te kunnen beoordelen is 
darminsufflatie noodzakelijk. Helaas veroorzaakt de insufflatie rek van de darmwand 
en geeft ongemak en krampende pijn. In verschillende studies, zowel in screening als 
in patiëntenzorg, werd de pijn en belasting van CT-colografie negatiever beoordeeld 
dan bij coloscopie onder een roesje [6–9]. Behoudens de pijn en onrust zelf, kan dit 
de adherentie aan CT-colografie beïnvloeden. In hoofdstuk 5 beschrijven we het 
ontwerp van een prospectieve gerandomiseerde dubbelblinde studie. In deze studie 
evalueerden wij of een enkele bolus intraveneus alfentanil een klinische relevante 
verlaging geeft van maximale pijn bij darminsufflatie. Dit is de eerste studie waarbij 
pijnstilling werd onderzocht bij CT-colografie. In hoofdstuk 6 beschrijven we de 
resultaten en deze laten zien dat een enkele intraveneuze alfentanil bolus een 
klinisch relevante daling gaf van pijn tijdens de darminsufflatie. De pijn en belasting 
van de totale CT-colografie procedure waren ook lager met alfentanil. In de alfentanil 
groep werd vaker duizeligheid en desaturaties (< 90% SpO2) geconstateerd, hoewel 
deze desaturaties klinische irrelevant waren omdat ze kortdurend waren en 
spontaan herstelden. De herstelscore verschilde direct na de procedure, maar was 
vergelijkbaar 30 minuten na de injectie van de studiemedicatie. De proceduretijd 
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was vergelijkbaar in beide groepen. Onze studie heeft laten zien dat een enkele bolus 
intraveneus alfentanil de pijn en belasting van CT-colografie verlaagt en daarom kan 
alfentanil de acceptatie van CT-colografie verbeteren onder artsen, patiënten en 
screening deelnemers. In het bijzonder voor mensen met een lage pijndrempel kan 
een het gebruik van een pijnstiller zoals alfentanil een goede optie zijn. Echter, meer 
data zijn noodzakelijk over het veiligheidsprofiel van een lage dosis alfentanil bolus.
Wanneer een ziekenhuis overweegt om alfentanil te gaan gebruiken tijdens de CT-
colografie insufflatie zal dit implicaties hebben op de manier waarop het onderzoek 
wordt uitgevoerd. Een arts getraind in het gebruik van opiaten zal de procedure 
moeten uitvoeren. Momenteel wordt het onderzoek vaak door een laborant 
uitgevoerd. Het is ook noodzakelijk om noodmedicatie en apparatuur dichtbij te 
hebben. Omdat de pijn van de patiënt bij het gebruik van alfentanil een minder 
betrouwbare maat wordt voor de hoeveelheid geïnsuffleerd gas, is het belangrijk 
om een automatische insufflator te gebruiken met een veiligheidsventiel die hoge 
drukken voorkomt. Een andere implicatie is dat patiënten vervoer moeten regelen 
omdat zij zelf niet naar huis mogen rijden na het inspuiten van alfentanil. Indien 
scopolaminebutyl bromide wordt gebruikt, mag de patiënt niet rijden tot een 
half uur na de procedure. Bij het gebruik van glucagon hydrochloride zijn er geen 
beperkingen qua autorijden. Om te voorkomen dat alle bovengenoemde implicaties 
zich in de praktijk voordoen, is het te overwegen om een studie uit te voeren om 
te onderzoeken of een orale pijnstiller in staat is een klinisch relevante pijndaling 
te geven tijdens CT-colografie. De huidige literatuur laat echter over het algemeen 
onvoldoende effect zien van orale (niet opiaat) pijnstillers op het voorkomen van 
procedurele pijn [10–12].

Een andere factor die de pijn en belasting kan beïnvloeden is het gebruikte 
spasmolyticum. Tijdens de CT-colografie procedure wordt een spasmolyticum 
geïnjecteerd om darmdistensie te verbeteren en om darmkrampen en 
bewegingsartefacten te verminderen. Er zijn twee spasmolytica die frequent worden 
gebruikt, namelijk scopolaminebutyl bromide en glucagon hydrochloride. Er is nog 
weinig bekend over de mogelijke verschillen in darmdistensie en belasting tussen 
deze twee middelen. Slechts twee studies hebben scopolaminebutyl bromide en 
glucagon hydrochloride direct met elkaar vergeleken. In deze studies werden geen 
verschillen gevonden. In hoofdstuk 7 beschrijven we een vergelijking in distensie, 
pijn en belasting in een groot proefbevolkingsonderzoek waarin de participatiegraad, 
opbrengst en belasting van coloscopie en CT-colografie werden vergeleken.
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Scopolaminebutyl bromide resulteerde in meer adequaat gedistendeerde 
dikkedarmen, met name door een betere distensie van het sigmoid. Verder 
observeerden wij dat in de groep die scopolaminebutyl bromide ontving, lagere 
belasting scores werden gegeven tijdens het insuffleren, draaien op tafel en de gehele 
procedure. Er werden geen significante verschillen gevonden in de ervaren pijn en 
het aantal bijwerkingen. Echter het type bijwerking was wel verschillend tussen de 
twee groepen. Bij scopolaminebutyl bromide was de meest voorkomende bijwerking 
een droge mond (15%) en voor glucagon hydrochloride was dit misselijkheid (13%). 
Het verschil in type bijwerking zou een verklaring kunnen zijn tussen de verschillen 
in ervaren belasting tussen de twee groepen. Aangezien de pijn vergelijkbaar was 
tussen de twee groepen is dit geen verklaring voor het verschil in belasting.
Vanwege de betere darmdistensie en belasting scores, is scopolaminebutyl bromide 
het spasmolyticum van voorkeur. Een gerandomiseerde placebo-gecontroleerde 
studie kan de vraag beantwoorden of glucagon hydrochloride een gunstig effect 
heeft op de distensie en belasting ten opzichte van geen spasmolyticum.

Ten slotte streefden we ernaar om de belasting van de darmvoorbereiding die 
noodzakelijk is voor CT-colografie te verminderen. Samen met de darminsufflatie 
is de darmvoorbereiding het meest belastende aspect van CT-colografie. Hoewel 
tegenwoordig doorgaans een matig laxerende darmvoorbereiding wordt gebruikt, 
gaat onze voorkeur ernaar uit om de darmvoorbereiding overbodig te maken. Met 
CT-colografie worden poliepen en dikkedarmkanker zichtbaar gemaakt in ontlasting 
door de ontlasting aan te kleuren. Hierdoor ontstaat er genoeg contrast tussen 
de ontlasting en de poliepen of dikkedarmkanker. Intraveneus jodiumhoudend 
contrastmiddel wordt toegediend om (lever)metastasen te detecteren en aanzien 
het de detectie van intracolonische bevindingen niet verbetert, wordt het hiervoor 
niet gegeven. Echter, dual-energy CT is een techniek waarmee jodium beter 
gedetecteerd kan worden en door middel van nabewerking kunnen ook beelden 
met enkel jodium gemaakt worden, de zogenaamde ‘jodium map’ [13, 14]. Mogelijk 
dat met dual-energy CT intracolonische bevindingen gedetecteerd kunnen worden 
door de verbeterde zichtbaarheid van aankleuring door intraveneus contrastmiddel. 
Dit kan de weg vrij maken naar een CT-scan zonder darmvoorbereiding of insufflatie 
voor detectie van dikkedarmkanker, hetgeen het primaire doel is bij fragiele 
en oudere mensen. Verder zou de zichtbaarheid van dikkedarmkanker zonder 
darmvoorbereiding of insufflatie erop kunnen wijzen dat dual-energy CT-colografie 
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met intraveneus contrast een realiseerbare techniek is voor ook de detectie van 
poliepen.
In hoofdstuk 8 onderzoeken we de mogelijkheid om dikkedarmkanker te detecteren 
middels een dual-energy CT met intraveneus contrastmiddel en jodium map zonder 
verdere voorbereiding. We includeerden 21 patiënten met bewezen of hoge 
verdenking op dikkedarmkanker die voor een stagering CT-scan van het abdomen 
waren gepland. De patiënten werden gescand met intraveneus contrastmiddel op 
een dual-energy CT-scanner zonder een darmvoorbereiding of insufflatie. Voor de 
nabewerking hebben we eerst de benodigde parameters geschat om ontlasting en 
darmwand van elkaar te kunnen onderscheiden. De beelden werden vervolgens 
beoordeeld op beeldkwaliteit en detectie van afwijkingen met en zonder kennis 
van de referentiestandaard. Alle tumoren waren zichtbaar op de jodium map. De 
sensitiviteit zonder kennis van de referentiestandaard was 90% zonder en 96.7% met 
additionele jodium map beoordeling. De mediane aankleuring van dikkedarmkankers 
was 29.9 Hounsfield eenheden. Twee grote benigne afwijkingen waren zichtbaar 
op de jodium map, maar afwijkingen van 15 mm en kleiner waren niet zichtbaar. 
In onze hoge prevalentie populatie was de sensitiviteit  voor dikkedarmkanker 
hoog met de dual-energy techniek met intraveneus contrastmiddel maar zonder 
darmvoorbereiding of insufflatie onafhankelijk van het gebruik van de jodium map.
Onze patiëntvriendelijke strategie zou verder onderzocht moeten worden in een 
lage prevalentie populatie. Omdat onze studie te klein was om te stratificeren voor 
categorieën van tumorgrootte, is het belangrijk dat toekomstige studies de detectie 
evalueren voor tumoren van verschillende grootte. Toekomstige studies zouden een 
grotere trainingsset kunnen overwegen voor het beoordelen van de jodium map 
omdat er een leercurve kan zijn voor het interpreteren hiervan.  De jodium map 
heeft de potentie om te helpen bij het detecteren van dikkedarmkanker, echter 
in onze studie hebben we geen significant voordeel gezien van het gebruik van de 
jodium map aanvullend op het beoordelen van de standaard dual-energy beelden. 
In een goed gepowerde studie zal onderzocht moeten worden of de jodium map 
een aanvullende waarde heeft op de standaard dual-energy beelden alleen.  In onze 
studie was de grootste zichtbare poliep 25 mm. Een optie om kleinere poliepen 
te kunnen detecteren en om dikkedarmkanker detectie te kunnen verbeteren is 
het gebruik van darminsufflatie, alhoewel bij fragiele en oudere patiënten liever 
geen belastende darminsufflatie wordt toepast. Ten slotte hebben we artefacten 
geobserveerd veroorzaakt door dense ontlasting, zelfs na het toepassen van de 
optimalisatiestap om te differentiëren tussen dense ontlasting en de darmwand. 
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Deze artefacten kunnen een aankleurende afwijking simuleren of detectie van 
afwijkingen verhinderen. Mogelijk dat het gebruik van milde laxantia artefacten kan 
voorkomen. Dit moet onderzocht worden.

Behoudens pogingen om de darmvoorbereiding overbodig te maken voor CT-
colografie, zijn er ook pogingen gedaan om de hoeveelheid laxatie te reduceren. 
Het beoordelen van tweedimensionale beelden is mogelijk met slecht een kleine 
hoeveelheid ionisch jodium, zoals megluminejoxitalamaat [15]. Voor optimale 
beoordeling is zowel tweedimensionale als driedimensionale beeldvorming 
geadviseerd [16, 17]. Driedimensionale beeldvorming van afwijkingen onder de 
aangekleurde darminhoud is mogelijk door het elektronisch verwijderen van 
darminhoud (cleansing). Echter met beperkte voorbereiding wordt de aangekleurde 
ontlasting meer heterogeen, hetgeen leidt tot artefacten die een driedimensionale 
evaluatie van CT-colografie verhinderen.  Daarom probeerden wij een cleansing 
algoritme te ontwikkelen wat goed werkt bij een minimale darmvoorbereiding 
om daarmee goede driedimensionale beeldvorming mogelijk te maken. Eerst 
ontwierpen  en daarna testten wij een nieuw cleansing algoritme, hetgeen we in 
hoofdstuk 9 beschrijven.  Voor dit algoritme werd een ‘principal curvature flow’ 
algoritme aangepast om slecht aangekleurde ontlasting te verwijderen. Aanvullend 
werd een patroon herkenningstechniek gebruikt om fouten te herstellen, zoals 
bijvoorbeeld het verwijderen van een uitstulping van de darm.  We hebben de 
prestaties van het cleansing algoritme in twee delen getest. In het eerste deel 
hebben twee beoordelaars 40 CT-colografie scans met een 24 uur minimale 
darmvoorbereiding beoordeeld op een tweedimensionale en een driedimensionale 
manier. De beoordelaars gaven ook een score voor hun zekerheid en noteerden de 
beoordelingstijd. In een tweede gedeelte zijn alle poliepen in de dataset beoordeeld 
op de mate van opvallendheid. In dit deel van de studie werden poliepen omgeven 
door lucht getoond zonder cleansing en de poliepen omgeven door ontlasting na 
cleansing. De sensitiviteit van afwijkingen van 6 mm of groter was beter tijdens de 
driedimensionale beoordeling, maar voor poliepen van 10 mm of groter werden geen 
verschillen gevonden. Driedimensionale beoordeling was geassocieerd met langere 
beoordelingstijden en een lagere zekerheid. De opvallendheid van de poliepen was 
niet verschillend tussen poliepen omgeven door lucht zonder cleansing en poliepen 
omgeven door ontlasting na cleansing.
Deze studie laat zien dat een hoge sensitiviteit te behalen is met een driedimensionale 
beoordeling van 24 uur durende, minimaal voorbereide, CT-colografie scans met 
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het nieuw ontwikkelde cleansing algoritme. Eerder was een driedimensionale 
beoordeling niet mogelijk bij minimaal voorbereide CT-colografie scans vanwege 
de vele artefacten. Mogelijk is er nog verbetering mogelijk door bijvoorbeeld het 
aantal herhalingen van het algoritme aan te passen of een andere afkapwaarde in 
te stellen voor het onderscheid van contrastmiddel en poliepen. Ontlasting met een 
zeer lage densiteit dat vastzit aan de darmwand zal lastig zijn om te verwijderen, 
ook na optimalisatie. Toekomstige onderzoeken zijn noodzakelijk om ons algoritme 
te testen in een grotere populatie en pogingen moeten ondernomen worden om 
de zekerheid te vergroten en de beoordelingstijd te verkorten. Ten slotte moet ons 
algoritme getest worden op CT-colografie scans die niet gebruikt zijn voor training 
van het algoritme, hetgeen een nog grotere uitdaging zal zijn dan op de scans in deze 
studie.

Conclusies

Na het trainen van röntgenlaboranten in het triageren van extracolonische 
bevindingen, is de accuratesse onvoldoende om ze te betrekken bij screening CT-
colografie.

De stralingsdosis in 2011 was 7.6 mSv voor klinische praktijk en 4.4 mSv voor 
screeningsprotocollen en is niet gedaald ten opzichte van 2007. Verdere dosisreductie 
is wenselijk om de risico-batenverhouding te verbeteren, in het bijzonder voor 
screening.

Een enkele lage dosis intraveneuze alfentanil bolus geeft een klinische relevante 
daling van maximale pijn tijdens de darminsufflatie voor CT-colografie en verlaagt 
ook de pijn en belasting van de gehele CT-colografie procedure. Mogelijk dat 
alfentanil daarom de acceptatie van CT-colografie kan verhogen, met name voor 
mensen met een lage pijndrempel.

Scopolaminebutyl bromide is het geprefereerde spasmolyticum boven glucagon 
hydrochloride, omdat het een betere distensie, lagere belasting scores, lagere 
kosten en mildere bijwerkingen tot gevolg heeft.

Dual-energy CT met intraveneus contrastmiddel en zonder darmvoorbereiding of 
insufflatie is een mogelijke techniek voor darmkanker detectie, hoewel een jodium 
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map niet voor een significant betere detectie zorgde en resultaten bevestigd moeten 
worden in een lage prevalentie populatie.

Met ons nieuw ontwikkelde cleansing algoritme is een primair driedimensionale 
beoordeling mogelijk in CT-colografie met een 24-uurs minimale darmvoorbereiding 
met goede sensitiviteit voor poliepen van 6 mm of groter. Echter, de beoordelingstijd 
en zekerheid zijn in het voordeel van een primair tweedimensionale beoordeling bij 
dit type data.
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